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ADVERTISEMENT. 


In  presenting  to  the  public  this  third  and  concluding  volume  of  Natural 
PhUowphy^  it  seems  requisite  to  offer  a  few  remarks  concerning  the  plaa 
adopted  for  the  arrangement  of  the  originally  disjointed  portions*  To  those  who 
would  have  wished  that  it  had  been  more  systematic,  it  may  be  observed  that 
the  several  Treatises  were  composed  so  that  the  subjects  might,  as  much 
«a  possible,  be  individually  perfect,  and  independent  of  one  another ;  and  thia 
necessarily  tended,  not  only  to  occasion  repetitions  when  collected  into  volumes* 
buty  in  some  degree,  to  break  the  thread  which  would  have  united  them  in 
ope  general  science. 

The  object  of  Natural  Philosophy  is  the  investigation  of  those  principles 
which  are  to  be  considered  as  inherent  in  matter^  and  by  the  agency  of  which 
the  changes  in  the  relative  positions,  modifications,  and  internal  combinationa 
of  the  several  masses  (or  separate  bodies)  are  produced.    These  are, — 
I.  The  Effects  of  Force  or  Impulse,  and  its  modes  of  Propagation. 
II.  The  Effects  of  the  Pressure  and  Motion  of  non-elastic  Fluids. 
III.  The  Effects  of  Air,  and  similar  elastic  Fluids. 
IV.  The  Effects  of  Caloric,  or  the  principle  of  Heat. 
V.  The  Phenomena  of  Light  and  Colours. 
VI.  The  Phenomena  and  Effects  of  the  Electric  and  Magnetic  Fluids. 

VII.  The  Effects  of  the  principle  of  Gravitation. 

The  First  of  the  preceding  divisions  is  investigated  in  tlie  three  Treatises  oa 
Mechanics^  in  Vol.  I. ;  and  in  the  Introduction  to  Mechanics^  Vol.  II. 
.    The  Second  is  treated  of  under  the  titles  Hydrostatics  and  Hydraulici^ 
Vol.  I.,  and  the  Introduction  to  Hydrostatics,  Vol.  II. 

The  Third  is  treated  of  under  the  titles  Pneuma/ic^,  Vol.  I.,  and  IntrO'' 
duction  to  PneumaUcs^Vo].  II. 

The  Fourth  is  treated  of  under  the  titles  Heat^  Vol.  I.,  and  Thermometer 
and  Pyrometer^  Vol.  II. 

The  Fifth  is  copiously  treated  under  the  several  heads  of  Optics^  Double 
MefracUon,  and  Polarization  of  Light,  Vol.  I. ;  and  of  Introduction  to  Optics^ 
Sir  Isaac  Newton's  Optics^  and  Optical  Instruments,  Vol.  II. 


vi  ADVERTISEMENT. 

The  Sixth,  with  an  account  of  the  latest  discoveries,  will  be  found  under 
Electricity,  Galvanism,  Magnetism  and  Electro'magnetismf  Vol.  II.  And 

The  Seventh  is  the  Astronomy  of  the  present  volume,  an  Introduction  to 
which  is  prefixed  to  Vol.  II. 

To  the  Treatises  on  Astronomy,  and  the  History  of  that  science,  it  was 
judged  proper  to  append  Mathematical  Geography.  The  Treatise  on  Physical 
Geography  is  less  connected  with  the  principal  portion  of  the  volume,  but 
naturally  follows  that  division  of  Geography  which  is  termed  Mathematical. 
Navigation,  as  far  as  it  is  a  science,  is  wholly  dependent  on  Astronomy,  and 
as  such  is  not  considered  to  be  out  of  place. 

The  discoveries  of  modern  Chemistry  have  raised  it  from  an  art  to  the  rank 
of  a  science ;  and  there  would  have  been  no  impropriety  in  including  it 
in  the  general  system  of  which  we  now  speak.  In  such  an  arrangement  it 
would  have  stood  thus : — 

VIII.  The  Effects  of  Corpuscular  Attraction  on  the  Combination  and 
Decomposition  of  Bodies ; 
and  the  Treatises  on  the  subject  would  have  formed  a  Fourth  Volume  of 
Natural  Philosophy.  It  has,  however,  been  judged  advisable  to  follow  the 
usual  practice ;  and,  therefore,  the  several  Treatises  (of  which/our  have 
already  appeared)  will,  when  completed,  be  collected  and  published  in  a  sepa* 
rate  volume,  under  the  title  of  Chemistry. 

October,  1834. 
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Page  5,  colomn  2,  line  17  from  thelxittom,  dele'etuch  of.* 

10,  2,  ^f/or  *  of  motion,*  read  '  of  hit  motion.' 

19,  I,         16  from  the  bottom,/or  £S,  £«,  read  ES^,  £f  ^« 

13  from  the  bottom, /or  Kf^,  reoif  £«^. 
2,         14,  for  «,«,«*,  read  «|«2«,. 

20,  2,         33,  for /^»  read/. 

^  34,  for  «,/^,  read  «./• 

26,  1,         4^  and  44,  for  /'  /r',  read  //  «'  r^'t 

28,  2,  4  in  the  note,/or  S,  read  S^. 

12  in  the  uote,/or  KS^,  read  ES^* 

29,  2,    '     45,  for  /,  tf*  r/,  read  ij  «»  r /. 

32,  2,         last,  /or  S,  r«a<f  S  ^ . 

33,  2,  .    add  to  the  first  note,  *  At  the  points  Z  and  Y  therefofe  thetit 

circles  are  for  a  short  space  parallel  to  each  other,  or  the 
sun  has  no  perceptible  motion  Northward  or  Southward: 
lit  the  point  T  his  course  makes  an  angle  =  ZY  with  the 
equator,  which  is  necessarily  its  g^atest  inclination  to  it : 
or  his  motion  Northward  is  then  most  rapid :  the  condusiona 
referred  to  in  the  note  in  page  23,  col.  i.' 

13,  in  the  note,/or  Pt^  P/,  read  P#,  Ft. 

31  and ^2, /or  *  a  motion  from  left  to  right  in  those  already  referred 
to,*  read  *  from  left  to  right  where  the  North  pole  is  aboTe 
the  horizon.* 

39,/or  ( on  its '  read  '  oil  in  its.*      * 

10,/or « 110" '  read « 110« ';  and /or  *  133100'  read  *  1331000.' 

35,  ybr '  from »  read '  for.* 

top  line  to  be  transferred  to  the  foot  of  column  2. 

figure  31  reversed. 

12,  prefix  VI.  to  mark  the  section. 

for '  Chaftbb  XIII,'  read '  Cbaptui  XIL' 
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Introductory  Observations.  it  is  only  within  the  last  two  hundwd 

Iir  treating  of  any    science  which  is  years  that  its  true  principles  have  been 

grounded  upon  physical  facts  and  ap-  at  all  generally  received ;  it  is  only  from 

pearances,  two  courses  are  generally  the  time  of  Newtcm  that  they  have  been 

open.    We  may  begin  with  a  statement  adequately  explained, 
of  the  results  observed,  and  by  gradual       In  the  present  treatise,  nevertheless, 

investigation  extricate  from  them  the  the  results  of  observation  will  not  be 

principles  on  which  they  depend :  or  else,  explained  from  principles  assumed  in 

if  these  principles  have  been    ascer-  the  first  instance,  but  the  principles  of 

tained,  we  may  begin  by  stating  them,  astronomy  will  be  deduced,  as  far  as 

and  may  deduce  from  them  the  con-  they  can    be  so  without  complicated 

sequences  which  would  follow  on  the  mathematical  investigation,  from  obser- 

supposition  of  their  truth ;  and  finally,  vation.  There  are  severU  reasons  which 

by  comparing  these  consequences  with  seem  to  render  this  the  most  desirable 

the  appearances  presented  by  Nature,  course  of  proceeding,  although  adopted 

and  nnding  them   to  correspond,  we  at  the  sacrifice  of  much  conciseness, 

may    satisfy    ourselves    of  the    truth  and  of  any  very  logical  precision  of 

of   those  principles  which   we    origi-  arrangement 

nally  assumed.  The  former  is  ne-  The  present  treatise  is  principally 
oessarily  the  course  of  discovery  ;  addressed  to  a  class  of  readers  not  bar 
the  latter  is  often  the  most  concise  bitually  accustomed  to  severe  reasoning, 
and  convenient  method  of  instruction  and  is  intended  for  those  who  know 
after  the  discovery  has  been  made,  nothing  of  astronomy  when  they  enter 
In  some  cases  there  is  little  prac-  upon  its  perusal;  and  to  them  the 
tical  distinction  between  the  two  me^  course  which  we  have  preferred  will  pro- 
thods ;  for  instance,  the  fundamental  bably  be  at  once  more  interesting  and 
principle  of  Hydrostatics  is  the  equal  more  intelligible  than  the  other.  The 
pressure  of  fluids  in  all  directions ;  and  general  appearances  of  the  heavens,  the 
the  fact  that  they  do  press  so  is  one  of  succession  of  day  and  night,  the  appa- 
the  first  and  most  obvious  results  of  ob*  rent  courses  of  the  heavenljr  Ixxiies,  are 
servation  and  experiment ;  and  from  the  objects  of  interest  and  curiosity  to  all, 
time  that  it  is  ascertained,  the  experi-  however  ignorant  of  the  laws  which  re- 
mental  and  hypothetical  mode  of  dis-  gulate  them,  or  the  consequences  which 
cussine  the  subject  may  very  nearly  may  be  deduced  from  them.  And  they 
coincide.  In  other  sciences,  on  the  con-  are  not  only  interesting,  but  to  a  certain 
trary,  the  first  effect  of  observation  is  extent  familiar;  sufficiently  so  to  perplex 
to  lead  us  to  conclusions  very  distant  the  reader  of  statements  apparently  at 
from  the  fundamental  principles  which  variance  with  them,  and  to  deprive  him  of 
we  finally  adopt,  or  even  at  variance  the  greatest  satisfaction  that  the  student 
with  them.  In  these  cases  the  simpler  of  a  new  science  can  feel,  the  power  of 
and  shorter  mode  of  instruction  will  at  once  comparing  his  deductions  with 
generally  be  the  second  which  we  have  facts,  and  convincing  himself  experi- 
mentioned.  Among  these  sciences  As-  mentally  of  the  soundness  of  his  reason- 
tronomy  is  eminentlj^  distinguished ;  for  ings  by  the  accuracy  of  the  results  to 
almost  all  the  immediate  results  of  obser*  which  they  lead  him.  A  mind  habi-' 
vation  are  contrary  to  its  true  principles,  tuated  to  close  reasoning  upon  merely 
and  it  is  not  without  much  labour  and  hypothetical  truth  may  be  satisfied  with 
reasoning  that  the  truth  can  be  extri-  out. such  confirmation;  yftitis  agree- 
cated  from  tlie  mass  of  eiTor  in  which  it  able  to  all,  and  to  those  which  have  not 
is  involved.  Astronomy  has  been  a  fa-  been  thus  exercised  it  is  almost  heces- 
Tourite  study  from  the  earliest  periods :    sary ;  but»  on  the  hypothetical  system, 
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it  is  the  last  point  they  atririytt  at.    We  be  perfectly  intelligible  to  every  one  who 
have   therefore  preferred  that  course,  is  acquainted  with  the  common  relations 
which  begins  by  stating  and  classifying  of  number  and  quantity.    With  a  view 
appearances  of  ^neral  interest,  and  by  to  facilitate  such  a  course,  all  the  more 
explaining  them  in  a  manner  consistent  complicated  mathematical  investigations 
with  popular  observation  |  Csptciallv  as  (of  which,  however,  none  run  into  diffi- 
we  thus  very  early  arrive  at  Conclusions  cult^,  for  the  fuller  development  of  the 
of  high  importance,  which  depend  on  subject  is  reserved  for  a  treatise  of  a 
those  appearances,  and  follow  mm  them  purely  scientific  character)  have,  as  far 
as  necessary  consequences,  in  whatever  as  possible,  been  removed  from  the  text 
manner  they  are  themselves  finally  ex-  into  notes*,  and  certain  portions  of  the 
plained.  text  itself,  of  too  touch  importance  to 
This  however  is  not  the  only  object  the  general  progress  of  the  deduction  to 
■ought  in  the  adoption  of  the  proposed  be  tous  removed,  are  included  between 
eourse.    One  of  the  most  important  and  falrackets,  in  cases  where  they  have  ap- 
laborious  exercises  of  the  nund  consists  peared  likely  to  offer  difficulty  to  any 
in  extracting  from  complicated  results  class  of  readers.     In  these  mstances 
the   simple  princip^les  on   which  th^  oare  has  been  taken,  wherever  the  result 
depend,  m  developing  truth  from  tibe  deduced  is  of  importance  to  the  future 
mass  of  confusion   which  often  con-  course  of  the  reasoning,  to  state  it,  tf 
eeals  it.     There  is  no  department  of  possible,  in  terms  intdligible  to  those 
icience  which  furnishes  so  long  and  so  who  are  unable  to  pursue  its  investi- 
curiousl^  connected  a  train  of  this  kind  gation,  and  thus  to  enable  them  to  re- 
of  investigation  as  Astronomy :  none  in  sume  the  thread  of  the  general  argument 
which  ^  the  process  is  more  curious,  or  With  all  these  assistances,  however,  it 
the  results  more  satisfactory.     It  has  is  impossible  to  remove  some  degree  of 
also  this  additional  advantage,  that  it  difficulty  and  abstruseness  even  from  the 
k  capable  of  being  made  intelligible  in  most  popular  parts  of  the  treatise :  a 
its  general  outlines,  almost  without  re*  long  process  of  investigation  cannot  be 
ferenoe  to  mathematical  investigation ;  followed  without  thought  and  diligence, 
and   with  none  which  requires  more  And  the  results  of  reasoning  from  their 
than  a  very  limited  portion  of  mathe*  very  nature  can  only  be  comprehended 
matieal  acquirement.    It  consequently  by  some  effort  of  reason  and  attention, 
seems  to  furnish  to  those,  whose  atten-  It  may  be  necessary  to  remark,  that 
tign  has  not  been  directed  to  the  severer  while  we  profess  to  deduce  our  principles 
shidies,  some  opportunity  of  applying  from  the  first  and  fundamental  observa* 
that    peculiar  discipline  to  the   mind  tions,  we  do  not  pretend  to  follow  the 
whksh  those  studies  l>est  furnish,  and  historical  course  of  discovery.    For  our 
which  moral  and  metaphysical  inquiries,  purpose  the  class  of  objects  which  pre* 
firom  the  more  vague  and  qualifi^  cha-  >ent  the  most  simple  phenomena  r^uires 
raeter  of  the  elements  on  which  they  the   first    attention :    in  the  historical 
depend,  almoet  entirely  fail  in  affintling.  course  of  investigation,  the   most    re* 
In  speaking  of  the  truths  of  Astro-  markable    appearances  were  probably 
nomy  as  admitting  of  explanation,  al*  those  which  first  attracted    attention, 
most  without  recourse  to  mathematical  &nd  thus  furnished  the  groundwork  of 
investigation,  we  only  mean  that  the  theor)r.    All  that  we  profess  to  do,  is 
fundamental  observations  and  principles  to  point  out  those  observations  from 
Admit  of  being  stated  intdligibly,  and  which  we  may  most  readily  and  con- 
that  much  reasoning  may  be  grounded  dusively  deduce  the  principles  of  which 
upon  them  without  introducing  it.    Of  we  are  in  search  :  and  in  so  doing  we 
course  however  a  science  which  is  conver-  shall  often  call  attention  at  an   eariy 
aant  entirely  with  mathematical  relations  period  to  facts  and  appearances,  easily 
can  only  be  established  on  mathematical  ascertained  when  the  attention  of  an  ob- 
principles.    Those  therefore  who  are  un-  server  is  directed  to  them,  but  which  pro- 
acquainted  with  the  elements  of  mathe-  hably  excited  little  attention  till  the  pro- 
matics,  cannot  follow  the  whole  process  fiTess  of  science  showed  their  importance. 
of  the  deduction;  but  thev  mav  trace  at      •  tk^.^ — Z — '^*. — \ . ,  .  . — r~^ 

,^     .  ..                  ,   »                  J      .J   ..  There  are  Bome  noteii  oUo,  which  have  been 

least  Its  generaiCOUrse,  assuming  the  cor-  laMrtod  lo  that  shape,  not  on  account  of  their  dir- 

rectness  of  those  investigations  wllichthev  5p"*'y»  *»"*•■  hewing  only  an  IncldenUl  reUUon  to 

AM*  mmbKIa  f/«  «««%ru>Aj>«.4-^  u..i.  A  !•       *.»_   -^  the  text.    1  hat  there  may  be  no  confusion  between 

are  unable  to  prosecute,  but  taking  their  the  two  classes  of  notes/the  notes  which  present 

results  as  the  elements  of  a  new  train  of     *°y  mathematical  dlfficnlty  wUl,  a>  weU  as  the 

reaeomng,  which  will,  in  many  cases^    SwckV"""^  of  thf  t«t,  b«  iac)uded  m 
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Chapter  L 


SiCTiozf  h-^Fint  Obiervations  on  the 
Siart-^Diviiion  into  ConsttUatioiu^^ 
Daily  rotation  of  the  Hockmm. 

To  an  observer  situated  anywhere  upon 
the  earth,  the  heavens  ofFer  the  appear- 
ance of  a  vast  concave  vault,  in  the 
centre  of  which  he  is  himself  placed, 
and  which  is  bounded  by  a  |)lane  ex- 
tending to  the  sk^r ;  this  plane  is  called 
ihe  horizon,  and  itself  appears  circular. 
In  this  vault  we  perceive  several  diffe- 
rent sorts  of  bodies :  the  sun  visible  by 
day  only  (for  its  sluicing  below  the  ho- 
rizon terminates  the  day,  when  that 
word  is  used  in  opposition  to  night) ;  the 
moon  visible  either  by  day  or  by  night ; 
and  the  stars  (among  which,  for  the 
present,  we  include  the  planets  and 
comets)  visible  generally  by  night  only. 
All  these  bodies  appear  to  the  eye  to  be 
situated  in  the  vault  itself :  for  we  have 
no  means,  by  mere  ocular  observation 
at  a  single  placei  of  estimating  theu*  re- 
spective distances,  and  we  consequently 
refer  all  alike  to  one  imaginary  surface 
in  which  they  appear  to  be  placed,  and 
which,  as  we  find  no  apparent  difference 
in  their  distances,  we  imagine  \q  be 
spherical.  A  slight  degree  gf  obser- 
vation will  shew  that  ill  these  objects 
partake  generally  of  one  common  mo- 
tion. The  sun  and  moon,  from  their 
great  apparent  size,  and  the  remarkable 

•  changes  of  their  situation  and  appear- 
ance, more  forcibly  attract  our  attention 
than  any  others ;  but  the  stars,  on  ac- 
count of  their  number  and  the  oppor- 
tunities which  they  in  consequence 
afford  for  comparative  observations,  as 
well  as  from  other  circumstances  which 
will  hereafter  be  explained,  are  the  pre- 
ferable objects  for  the  first  and  fundar 

.    mental  observations. 

A  very  moderate  degree  of  attention 
is  enough  to  assure  us  that  the  stars, 
with.the  exception  of  a  few  called/7/emW«*» 
from  a  Greek  word  signifying  tDonderers, 
always  hold  very  nearly  the  same  posi- 
tions with  respect  to  each  other.  If  we 
consider  a  few  stars  to  form  a  group,  we 
may  observe  this  group  night  after  jiight, 
ana  its  shape  and  appearance  wUfbe 
always  the  same.  There  are  not  any« 
where  in  the  heavens  different  groups  of 
stars  of  considerable  extent,  so  resem- 
bling each  other  that  an  observer  can 
be  in  any  danger  of  mistaking  one  group 

*  The  covwta  uuLj  b«  coiial<UNd  m  a  cIim  of 
pUnet*. 


for  the  other.   And  as  the  groups  cannot 
be  mistaken,,  the  individual  stars  com- 
posing them  may  thus  be  certainly  re- 
cognized, however  any  single  stan  in 
each  may  resemble  each  oth«r  in  ma^i- 
tude,  colour,  and   brightness.     Being 
thus  able  to  recognize  a  star  which  we 
have  once  observed,  we  may  prosecute 
our  observations   upon  it  night  after 
night,  and  year  after  year.     For  the 
immediate  observations^  of  an  indivi- 
dual no  more  than  this  is  requisite ; 
but  when  he  wants  to  register  their  re- 
sults, or  to  inform  others  of  their  nature, 
it  is  evident  that  he  can  no  longer  be 
satisfied  with  this  mere  power  of  identi- 
fying to  his  own  satisfaction  the  parti- 
cular star  which  he  observes  at  different 
tiroes,  but  he  must  have  some  means  oi 
distinguishing  between  the  different  stars 
which  he  has  himself  observed,  and  of 
announcing  to  others  which  it  is,  among 
all  the  heavenly  bodies,  to  which  he  has 
especially  appUed  his  attentioa     For 
this  purpose  we  again  have  recourse  to 
those  groups  of  stars,  by  which  we  ori-> 
ginally   distinguished   each   particular 
star  from  every  other.    These  grouptt 
when  divided  for  the  convenience  of  re- 
ference, are  called  conH&UaiionSf  (t.  «• 
collections  of  stars,)  a  name  which  ia 
also  applied  to  those  portions  of  the 
heavens  which  they  respectively  occupy; 
and  the  whole  surface  of  the  heavens 
has  been  long  divided  in  this  manner. 
The  divisions  are  arbitrazy  in  them- 
selves, and  often,  perhaps,  ill  chosen ; 
but  as  the  only  real  use  of  them  is  for 
the  convenience  of  reference,  the  one 
important  object  is  to  have  a  single  re- 
ceived standard;   and  it  would  oonse* 
quently  be  very  undesirable  to  alter 
tnem  even  for  the  purpose  of  making 
what  would   originally  have  been   a 
simpler  and  more  distinct  division.  The 
surface  of  the  heavens  being  thus  divided 
into  constdlations,  consisting  each  of  a 
moderate  number  of  stars,  the  stars  in 
each  are  catalogued,  and  are  arranged 
nearly  in  the  order  of  their  apparent 
brightilbss ;  the  brightest  stars  bem^  de- 
signated by  the  earlier  letters  of  the 
Greek  alphabet,  the  less  bright  by  the 
later  letters  of  the  same ;  and  if  there  be 
more  stars  in  the   constellation  than 
there  are  letters  in  that  alphabet,  other 
alphabets,  generally  the  small  Italic  and 
large  Roman  alphabets,  are  used  to  de> 
note  the  stars  next  in  importance,  and 
if  all  the  stars  in  the  constellations  are 
not  thus  distinguished,  the  least  con- 
siderable  of  all  are  catalogued  by  num<i 
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bers.  These  stars  being  registered  on  Let  us  now  examine  what  sore  the 
maps  of  stars*,  or  on  celestiaf^lobes,  appearances  presented  to  an  observer  in 
or  their  places  l)eing  defined  m  the  the  course  of  a  single  bright  nijght  He 
manner  we  shall  hereafter  explain,  be-  sees  a  vast  variety  of  stars  distributed 
come  known  bodies;  and  any  astro-  about  the  heavens*  and  all,  at  first  sight, 
nomer  making  observations,  on  any  seeming  to  be  at  rest.  A  very  short 
particular  star,  may  communicate  them  course  of  observation,  however,  proves 
to  any  other,  who  will  at  once  know  the  that  this  appearance  of  rest  is  fallacious, 
star  in  question,  and  be  able  to  compare  The  stars  all  continue  at  the  same  ap- 
those  results  with  his  own  observations  parent  distances  from  each  other,  but 
and  conclusions.  Besides  this  mode  of  their  positions  vaiy  with  respect  to  the 
distinction,  some  of  the  brighter  and  horizon  and  the  observer.  On  one  side 
more  remarkable  stars  have  been  dis-  of  the  heavens  they  are  seen  ^aduaJly 
tinguished  by  particular  names :  and  a  to  rise  higher  above  the  horizon,  and 
vague  classification  has  l>een  made  of  some  stars  appear  above  it,  which  at 
stars,  according  to  their  lustre,  into  first  were  not  seen  at  all ;  on  the  other, 
what  are  called  different  magnitudes;  they  sink  towards  the  horizon,  and  some 
the  brightest  which  appear  the  largest  which  were  originally  visible,  sink  below 
to  the  naked  eye,  although  none  have  it  and  disappear.  Confining  our  ob- 
any  ascertainable  diameter  when  viewed  servations  to  a  particular  star,  we  shall 
through  a  telescope,  being  called  of  the  see  'it  rise  above  the  horizon  at  a  par- 
first  magnitude,  the  next  class  of  the  se-  ticular  spot,  graduaUv  increase  in  eleva- 
cond,  and  so  on.  The  stars  of  the  fifth  tion  till  it  reaches  its  highest  point,  when 
magnitude  are  barely  discernible  by  the  it  is  said  to  culminate^  and  then  sink  by 
unassisted  eye ;  and  beyond  these  there  like  degrees,  and  finally  fall  below  the 
are  stars  of  the  sixth,  seventh,  eiehth,  horizon  ai  another  spot  which  may  also 
and  even  lower  magnitudes,  which  we  be  ascertained.  The  same  observation 
discover  by  means  of  telescopes.  The  may  be  made  with  other  stars,  and  ex- 
number  of  stars  of  each  ma^itude  in-  tended  to  any  number.  It  is  not  even  ne- 
creases  as  their  brilliancy  diminishes:  cessary  that  the  observations  of  different 
thus  in  the  Astronomical  Society*s  ca-  stars  should  be  made  at  the  same  time, 
talogue  of  2881  stars,  there  are  only  or  that  the  observations  of  the  rising  and 
21  stars  above  the  second  magnitude,  setting  of  any  star  be  made  on  the  same 
(18  of  which  are  called  of  the  first  mag-  night ;  for  the  same  star  is  invariably 
nitude,  and  3  between  the  first  and  se-  found  to  rise  and  set  in  the  same  spots, 
cond  magnitude),  about  5  0  of  the  second  although  at  different  periods  of  the  night 
magnitude  and  between  the  second  and  Now  each  arch  of  the  horizon  intercepted 
third,  about  180  of  the  third  magnitude,  between  the  points  of  rising  and  setting 
and  between  the  third  and  fourth ;  and  of  any  star  may  be  bisected^  or  divided 
so  on.  As  an  instance  of  these  dif-  into  two  equal  parts ;  and  the  points  of 
ferent  modes  of  characterizing  stars,  we  bisection  wiU  themselves  be  at  the  ex- 
may  take  the  principal  stars  of  the  fremities  of  a  diameter  of  the  circle, 
constellation  Orion.  The  brightest  star.  It  is  found  from  observation,  that  this 
m  of  Orion,  is  also  of  the  first  magnitude,  diameter  is  the  same  for  every  star ; 
and  is  sometimes  called  Betelgeuse,  and  the  points  of  the  horizon  through 
though  this  name  is  nearly  obsolete;  which  it  passes  are  called /A^iVbrMcm^if 
the  next,  /3  of  Orion,  is  also  of  the  first  South  points.  The  side  of  the  heavens 
magmtude,  and  is  called  Rigel  t ;  then  where  the  stars  rise  is  the  Eaat  side, 
there  are  four  of  nearly  equu  brilliancy,  that  where  they  set,  the  West;  the  East 
y,  ),  I,  ^,  of  Orion,  all  of  the  second  and  West  points  being  those  equi-distant 
magnitude,  and  none  having  any  received  on  each  side  from  the  North  and  South 
name;  then  follow  stars  of  the  third  points.  If  through  the  North  and, 
magnitude,  then  of  the  fourth,  and  so  in  South  points  a  plane  pass  perpendicular 
succession  {.  to  the  horizon,  the  intersection  of  this 
TTrrmJTT — ] TZTx — ,    ^   >  ^  plane  with  the  celestial  hemisphere  will 

•  A  map  of  the  sUtrs  (comprised  in  six  sbeeU)  f  •     •     i^ a  au;-  ^^Jt\  «:..^i»  ;« 

ii  published  under  the  Superintendence  of  the  be  a  SCmi-Circle  ;   and  thlS  Semi-Circle  IS 

Society  for  the  Diffusion  of  Useftii  Knoiriedge,  in  called  the  meridian  of  the  observsT,  or 

which  these  constellations  are  represented. 

t  These,  and  many  of  the  names  of  the  stars. 


were  given  by  the  Arabians,  who,  during  the  eighth  may  be  best  seen  in  the  heavens  for  the  purpose 

century,  and  for  a  long  period  after,  cultirated  as-  of  comparing  the  original  with  the  representation, 

tronomy  more  diUgenUy  than  any  other  people.  about  twelve  o'cloclc  at  night  in  the  middle  of  De« 

t  In  the  map  referred  to,  Orion  will  be  found  cember,  ten  in  the  middle  of  January,  and  eight 

nearly  in  the  centre  of  Plate  3.  This  constellation  in  the  middle  of  February. 
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of  the  place  of  observation,    A  figure  H  are  fixed,  the  vertical  plane  drawn 

will  explain  these  positions,  although  it  through  them  must  be  fixed  also,  and 

is  difficult  sufficiently  to  represent  the  this  meridian  therefore 'is  a  fixed  line, 

▼arious  dimensions  of  the  sphere  on  a  It  will  also  be  found  by  observation, 

f^lane  surface ;   and  the  reader  should  that  the  points  Q,  q^  where  the  paths  of 

herefore,  if  possible,  examine  a  globe  the  different  stars  meet  this  meridian* 

with  reference  to  these  points.  are  the  most  elevated  points  of  those 

Let  HRN.T  (y^.  l.)  represent  the  paths  respectivdy,  and  consequentiy  that 

horizon  of  an  observer;  0,  the  centre  a.  star  which  rises  and  sets  attains  its 

of  that  circle  and  of  the  hemisphere  greatest  height  above  the  horizon,  or 

«.     .  culminates,  when  it  is  upon  the  meri* 

-ptg'  *•  dian :  and  we  may  add,  that  the  paths, 

^ '^^^-v^  p  T  Q  R,  /  g  r,  of  the  stars  observed,  ap- 

y^^"'^               >?^^^V  P®^  *^  ^®  parallel  to  each  other,  and 

ti/L^^^^                     x^vX\  that  each  path  is  divided  by  the  meridian 

/\^     "---.v^                 ^^^^^:^u  into  parts  T Q,  Q  R,  or  < o,  q r,  appa- 

7\r~"N>.s^^^^v,.                      A  rentiy  equal  and  similar ;  that  is  to  say, 

/  \  \r\^  rV                  \  -^  ^  ^*^  ^^^  similar  to  Q  R,  and  tq 

/.JV  ^\^     ..    ^v ^....^^  \  to  o  r. 

fl^— — X    X  6  >                 ^.^  In  one  part  of  the  heavens  the  ap- 

^^^^"^-........^^^N^  ^s^   • ..     '';::^^^t  pearances  are  a  little  different    If  we 

\                   T'-..    r ..,  C'x.    /  look  to  the  Northern  part  we  shall  see 

\                  '    '*\                \/  many  stai-s  which  never  sink  below  the 

\                          *'•••...,     '\-v'i^  horizon.    These  stars  pass  the  meridian 

\                                 ""••''b  twice,  once  at  the  lowest,  and  once  at 

*'*•..                               y  the  highest  point  of  their  course.    In 

P^^'-^.,^              ....•••**  moving  from  the  lowest  to  the  hi^est 

* point,  their  course  is  entirely  to  the  East 

H  Q  9  N,  being  his  position.    Let  T  be  of  the  meridian ;  in  passing  from  the 

the  spot  where  a  star  first  rises,  T  Q  R  highest  to  the  lowest  point,  it  is  entirely 

its  path  above  the  horizon,  and  R  the  to  the  West  of  that  line.    These  parts 

point  where  it  sets ;  .and  let  the  arch  also  in  this  case,  as  well  as  in  that 

X  H  R  of  the  horizon,  intercepted  in  one  already  mentioned,  are  similar  and  equal ; 

direction  between  the  points  T,R,  be  andif&e  course  of  one  of  those  stars  be 

bisected  in  the  point  H,  and  the  arch  represented  in  the  figure  by  the  line 

T  N  R  intercepted  in  the  other  direction,  U  X  V  Y,  every  point  in  that  line  will  be 

be  bisected  in  the  point  N.    It  is  dear  found  to  be  equidistant  from  a  certain 

that  H  and  N  are  at  thetwo  extremities  of  point  P,  situated  in  the  sphere,  and 

a  diameter,  for  HR = HT,  and  RN = NT,  U  X  V  Y  will  be  a  circle,  and  the  point  P 

and  therefore,  H  R  N  (the  sum  of  H  R  its  pole.  Besides  this,  it  will  be  found  that 

and  R  N)  =H  T  N  (the  sum  of  H  T  and  the  path  of  every  one  of  these  stars  which 

T  N) ;  or  H  R  N,  H  T  N  are  each  of  never  set  is  a  curcle  described  at  a  given 

them  semi-circles.    Now,  suppose  tqr  distance  from  the  same  point  P,  which 

to  be  the  path  of  another  star  above  the  itself  appears  stationary ;  and  the  posi- 

horizon,  t  its  point  of  rising,  r  its  point  tion  of  this  point  beine  ascertained,  it 

of  setting  ;  it  will  be  found  that  the  arch  will  further  be  found,  that  each,  of  the 

^H  =  the  arch  Hr,  and  ^  N  =  N  r;  paths  TQ  R,  tqr,  described  by  stars 

that  is  to  say,  the  points  N  and  H  in  which  alternately  rise  above  the  horizon 

this  case  also  bisect  the  arches  of  the  and  fall  below  it,  and  which  appear,  as 

horizon  intercepted  between  the  points  we    have   already    mentioned,   to   be 

of  rising  and  setting.    The  same  wiU  be  parallel  to  each  other,  are  themselves 

found  to  be  true  of  every  star  (with  also  portions  of  circles,  every  point  of 

some  apparent  exceptions  to  be  presently  which    is   equidistant  from  the  same 

noticed),  and  the  points  N  and  H  are  point  P,  and  which  therefore  are  pa- 

consequently  fixed   points,   and   inde-  rallel  to  each  other,  and  to  the  path 

pendent  of  the  particular  stars  by  o}>  UXVY,  described   by  a  star  which 

servation  of  which  they  were  ascertained,  never  sinks  below  the  horizon.    The 

Let  H  Q  9  N  be  the  intersection  with  point  P  therefore  is  the  pole  of  all  the 

the  celestial  sphere  of  the  plane  passing  parallel  circles  described  by  the  stars ; 

through  N  H  and  perpendicular  to  the  and  if  we  suppose  the  sphere  to  be  com- 

horizon ;  this  is  the  meridian  of  the  pleted,  as  it  is  by  the  doited  hnes  in  the 

observer  at  O,  and  as  the  points  N  and  figure,  and  p  to  be  the  point  directiy 
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opposite  to  P,  p  win  beihe  other  pole  having  every  point  in  it  equidistant  from 

of  the  seme  circles ;  or  there  are  two  the  same  point  P,  they  all  would,  as  be- 

4xed  points,  one  P  found  by  obser-  fore,  be  parallel  circles.   Again,  as  each 

▼ation,  the  other/)  deduced  from  it,  to  of  them  is  described  in  consequenoe  of 

which  the  motion  of  the  stars  may  be  the  same  general  motion  of  rotation  of 

equally  referred.    O  being  the  centre  of  the  whole  sphere,  each  would  be  de- 

the  sphere,  will  be  apoint  in  the  line  scribed  in  the  same  time :  namely,  the 

which  joins  P,  p.     The   stars  which  time  of  that  rotation ;  and  in  the  same 

are  seen  to  describe  their  whole  circle  manner,  in  any  portion  of  that  time, 

round  the  pole  are  called  circuimpolar  each  star  would  describe  the  same  por- 

stars.    We  shall  also  find,  that  in  the  tion  of  its  own  circle ;  namely,  the  same 

time  in  which  any  narticular  star  de-  portion  of  that  circle  which  the  sphere 

scribes  a  third  or  fourth  part,  or  any  describes  of  a  complete  revolution.   All 

given  portion  of  its  circle,  all  others  de-  these  are  the  appearances  which  we 

scribe  the  same  portion  of  theirs  ;  and  have  already  seen  that  the  heavens,  in 

consequently  they  all  continue  in  the  fact,  present. 

same  positions  with  respect  to  each  The  appearances  presented  bv  the 
other,  though  their  places  vary  with  re-  motions  of  the  stars  may  then  be  ac- 
spect  to  the  horizon  and  the  ooserver.  counted  for  on  the  supposition  that  the 
Having  thus  fkr  ascertained  the  ap-  sphere  of  the  heavens  revolves  round  «n 
pearances  which  the  stars  present,  let  us  axis  joining  P,  p.  They  cannot  be  ex- 
see  if  we  can  thence  deduce  any  eondu-  plained  however  on  this  supposition, 
sions  respecting  the  occasion  of  them,  except  by  supposing  that  the  sphere 
For  this  purpose  let  us  suppose  the  he-  ^oes  through  a  complete  revolution, 
misphere,  H  Q  P  N,  to  be  made  a  com-  The  motion  of  a  star  which  is  seen  to 
plete  sphere,  as  is  done  by  the  dotted  rise  and  set,  as  that  whose  path  is 
lines  in  the  figmre.  Let  us  also  suppose  T  Q  R«  might  be  explained  by  imagining 
that  the  whole  sphere  has  a  motion  of  the  sphere  to  make  only  a  part  of  a  re- 
rotation  round  a  line  joining  P,p,  which  volution;  and  the  magnitude  of  that 
isca]led^A€!iKrf>;  butthat  HRNT,the  part  would  depend  on  the  propor- 
horizon,  or  theiine  in  which  the  plane  tion  which  the  visible  path  TQ  H  bore 
bounding  the  visible  hemisphere  meets  to  the  whole  circle  of  which  it  formed 
the  heavens,  continues  fixed :  and  let  us  a  part;  but  the  stars  which  never 
see  what  would  t)e  the  appearances  pre-  set,  as  that  whose  path  is  U  X  V  Y, 
sented  in  such  a  case.  Let  us  take  the  are  seen  to  describe  the  whole  circle, 
case  of  a  star  upon  the  horizon  at  T.  It  and  their  motion  therefore  can  only 
is  clear  that,  as  by  the  rotation  of  the  be  thus  explained  on  the  supposition 
sphere  it  was  transferred  from  T,  it  of  a  complete  revolution  of  the  heavens 
would  appear  to  move  in  a  line  of  whieh  on  the  axis  Pp.  If  however  this  l>e 
every  point  was  equidistant  from  P,  for  the  case,  the  motions  of  the  stars  which 
every  point  in  that  line  would  be  deter-  sink  below  the  horizon  must  also  t)e 
mined  by  the  actual  distance  of  the  star  continued  below  it,  or  they  will  describe 
from  P.  Its  apparent  path  therefore  below  it  the  remaining  parts  (those  re- 
would  be  a  portion  of  a  circle,  every  presented  by  the  dotted  Hnes)  of  the 
point  of  which  is  equidistant  fromP;  circles TQRB,  tqrb.  Let  us  see  if 
and,  in  point  of  fact,  we  have  already  we  have  any  means  of  discovering,  by 
seen  that  it  is  so.  In  the  same  manner,  observation  or  reasoning,  whether  they 
if  there  be  a  star  which  never  falls  l)elow  do  so. 

the  horizon,  and  whose  distance  from  P  The  first  remark  that  occurs  on  this 
is  PV,  its  apparent  path  would  be  a  question,  isthat  the  supposition  that  they 
circle,  of  which  every  point  is  at  the  describe  below  the  horizon  the  remain- 
same  distance  P  V  from  P,  or  it  would  der  of  the  circle,  of  which  they  are  seen 
be  represented  by  a  circle,  UXVY,  to  describe  part  above  it,  at  once  ac- 
which  we  have  already  seen  to  represent  counts  for  one  circumstance  that  seems 
the  apparent  path  of  a  star  which  never  "■ 
sets  •.    Each  of  these  circles,  thus  de-  Jf  *•»•  **»•  i«»pr««ipii  iwt  madA  by  H  (i3«e  Tr««, 

m^^^u^A  w..  4U» *•          t  jx'iB        i.     i.-  '••*  OD  Optics,  p.  44),  Uie  effect  produced  wlU 

SCnbed  t>y  ttie  motion  of  dltrerent  stars,  be  tbat  of  a  llne  eocompasBing  the  top,  and  form- 

-•  ■ ■-        »     ■  log  •  circle  npon  It,  of  wliich  every  point  will  be 

•  Tbese  poeitiont  may  be  thui  iUoiitrated  :— If  eauidi«tant  from  tlie  extremity  of  the  axis  upon 

you  talfe  a  top,  or  any  body  u-Iilch  you  can  spin  which  the  top  spins.    The  apparent  track  of  the 

with  great  steadiness  and  accuracy,  and  place  a  point  is  of  course  the  same,  whether  its  motion  be 

apot  of  ink  upon  It,  and  then  spin  it  writh  great  quick  or  slow  i  but  by  the  rapidity  of  its  motion 

velocity,  so  that  the  spot  returps  to  the  same  wegalatbeadynntageof  actually  aeelog  the  whole 

place  In  lew  time  tbaa  fa  necessary  for  the  eye  track  at  once. 
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to  admit  of  no  other  explfttifttion.    We  in  the  opposite  pointi,  B»  &,  to  those,  Q| 

trace  the  path  of  a  star  from  its  rising  at  q,  where  the  upper  part  of  it  met  them 

T,  to  its  setting  at  R,  and  then  lose  above  the  horizon ;  and  as  Q,g,  were  the 

sight  of  it ;  Init  on  the  next  night  we  points  most  elevated  above  the  horison^ 

again  see  it  appear  at  the  same  point,  T«  B,  h,  will  be  those  most  depressed  below 

We  know  therefore  that  the  star  is  in  it ;  or  in  other  words,  every  heavenljr 

some  way  transferred  from  the  point  R,  body,  which  sinks  below  the  honzon  of 

vtrhere  it  sets,  to  the  point  T*  where  it  a  particular  place,  will   be  most  de< 

rises;  and  the  most  probable  way  in  pressed  below  it,  when  it  passes  th« 

which  we  can  suppose  this  transference  meridian  of  that  place  bdow  the  horison^ 

effected,  is  the  continuation  below  the  and  of  course  below   the  pole.     Wo 

horizon  ofthe  same  motion  which  it  had  have  already  seen  a  corresponding  re« 

v^hen  above  it,  or  the  description  of  that  suit  with  respect  to  cireumpolar  stars, 

circle,  R  B  T,  which  it  would  describe  on  when  they  cross  the  meridian  below  the 

the  supposition  that  the  whole  heavens  pole  though  above  the  horizon, 

revolve  round  the  observer.  As  yet  we  have  only  considered  the 

If  however  we  take  the  case  of  a  star  conclusions  which  an  observer,  con* 
rising  just  at  the  time  when  the  stars  fined  to  a  single  point  on  the  earth's 
begin  to  appear  in  the  evening,  and  surface,  would  arrive  at  on  this  sub- 
setting  as  day  breaks  on  the  following  iect.  We  wiU  now  prooeed  to  examine 
morning,  it  is  evident  that  its  path  be-  now  they  will  be  affected  bv  a  corn- 
low  the  horizon,  if  it  be  described  at  all,  parison  with  the  results  of  other  obser- 
must  be  described  by  day ;  or  that  the  vations,  made  at  a  different  place.  The 
same  motion  of  revolution  continues  by  account  which  we  have  given  of  the 
day,  which  we  seem  to  have  ascertained  observations  made  at  one  place,  ap- 
to  exist  by  night  Does  observation  plies  with  equal  correctness  to  all ;  that 
then  confirm,  or  disprove  this  conclu-  is  to  say,  an  observer  situated  afiy- 
sion?  The  sun  and  moon  are  visible  where  upon  the  earth,  finds  that  the 
by.day,  but  their  motions,  although  apparent  paths  ofthe  stars  are  circles* 
they  generally  confirm  it,  are  of  a  or  portions  of  circles,  each  having 
more  complicated  nature,  and  we  there-  every  point  in  it  equidistant  from  two 
fore  do  not  wish  to  draw  our  infer-  fixed  points,  one  in  the  observed  hea* 
ences  on  this  point  from  them ;  and  vens,  and  one  in  the  other  part  of  the 
the  stars  are  not  visible  to  the  unas-  sphere,  supposed  to  be  eompleted,  and 
sisted  eye  when  the  sun  is  above  the  each  bisected  bv  a  line  passing  through 
horizon.  The  telescope  however,  in  the  visible  fixea  point,  and  dividing  the 
the  hands  of  a  skilful  observer,  for  visible  heavens  mto  two  equal  portions, 
only  such  a  one  can  make  the  observar  In  each  case  therefore,  this  line  is  what 
tions  necessary  for  this  purpose,  re-  we  have  termed  the  meridian  of  the 
moves  this  difficulty;  with  it  he  can,  place  of  observation;  and  every  plaee 
even  when  the  day  is  briglitest,  ascertain  therefore  has  a  meridian,  passing  through 
the  positions  from  time  to  time,  and  %  fixed  and  immoveable  point  hi  the 
consequently  the  motions,  of  many  of  heavens.  The  position  of  this  point 
the  brighter  stars:  and  the  result  of  may  be  ascertained  by  observation  at 
these  observations  is,  that  the  stars  are  eacn  particular  place,  and  it  is  found 
ascertained  to  describe  in  the  day-time  to  be  the  same  at  all ;  ^e  other  extre- 
the  same  courses  which  they  are  easily  mity  of  the  axis  also  is  the  same  in 
seen  to  traoe  in  the  night ;  and  we  con*  each  place. 

sequently  come  to  the  oonolusion  that  We  come  therefore  to  this  conclusion^ 

their  motions  may  be  accurately  cont-  that  the  axis  P  p  round  which  the  re» 

prehended  and  explained,  on  the  sup*  volution  ofthe  heavens  takes  place  is  a 

position  that  the  whole  heavens  revolve  fixed  and  determined  line,  not  depend^ 

about  an  axis,  passing  through  the  po-  ing  on  the  situation  of  the  observer  j 

sition  of  the  observer,  and  carry  the  and  this  is  one  circumstance  necessary 

particular  stars  with  them  in  their  re-  to  the  establishment  of  our  theory,  thA 

volution.  the  apparent  motions  of  the  stars  may 

If  this  be  so,  and  the  meridian  of  the  be  attributed  to  the  revolution  of  the 

place,  H  Q  P  N,  be  continued,  as  by  heavens  round  a  fixed  axis ;  for  if  ob- 

the  dotted  line  N  B  p  H,  below  the  servations  made  at  each  place  gave  a 

horizon,  so  as  to  complete  the  circle,  different  axis,  they  would  be  inconsistent 

this  lower  part  of  the  circle  will  again  with  such  a  supposition.    The  points, 

intersect  the  circles  T  Q  R  B,  ^9  r  6,  P,  p,  are  only  imaginaiy  points,  being 
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those  where  the  axis  P  p  meets  the  observation  are  the  same,  wherever  on 
imapnary  sphere  of  the  heavens ;  they  the  earth's  surface  he  be  placed.  If 
are  however  important  to  be  known,  and  two  observers  be  at  situations,  the  one 
go  by  the  name  of  the  poles  of  the  Aea-  one  thousand  miles  East  of  the  other, 
vens.  They  are  points,  as  we  have  the  situation  of  both  cannot  be  in  the 
already  seen,  in  the  meridian  of  every  line  P  p ;  but  if  the  one  is  in  it,  the 
place,  and  tiierefore  they  no  where  q>-  other  must  be  nearly  one  thousand  miles 
pear  either  in  the  East  or  West  side  of  out  of  it :  yet  they  both  appear  to  be 
the  heavens*;  if  however  we  conceive  in  it.  We  know  from  very  simple  rea- 
the  heavens  divided  by  a  vertical  plane,  soning,  or  we  may  easily  satisfy  our- 
passing  through  the  East  and  West  selves  by  trial,  that  a  small  change  of 
point  at  any  place*,  the  points  P  and  p  position  in  the  observer  does  not  affect 
will  always  be  on  opposite  sides  of  this  the  apparent  position  of  a  very  distant 
plane ;  that  is  to  say,  the  one  on  the  object  Thus,  if  there  be  two  trees,  or 
North  side  of  it,  the  other  on  the  South,  two  spires  distant  ten  miles  from  each 
and  the  same  point  P  is  always  on  the  other,  and  two  men  stand  half-way 
same  side  of  the  plane.  If  therefore  (in  between  them,  the  one  preciselv  in 
Jig.  1.)  P  represent  the  pole,  which  to  an  the  line  joining  them,  and  the  other  a 
observer  at  O  is  on  the  Northern  side  of  yard  on  one  side  of  it,  each  will  alike 
the  heavens,  P  is  always  on  the  Northern  feel  that,  to  all  common  observation,  he 
side,  and  is  called  on  this  account  the  is  exactly  in  the  line  which  unites  them* 
North  Pole  of  the  heavens,  and  in  like  The  angle  between  the  two  directions 
manner  p  is  the  South  Pole^.  There  in  this  case,  would  be  considerably  less 
are  however  two  points  on  the  earth,  than  half  a  minute*,  and  would  not  be 
(the  poles  of  the  earth)  where  the  points  observable  except  by  instruments  of 
P,  pt  are  the  one  directly  over  the  head,  some  delicacy.  In  the  same  manner,  if 
the  other  directly  under  the  feet  of  the  the  distance  to  the  points  P,p,  be  exces- 
observer;  here  therefore  there  is  no  sively  great  in  proportion  to  the  dis- 
North  or  South  point,  and  we  shall  tance  l^tween  the  situations  of  different 
hereafter  see  that  the  phenomena  from  observers,  each  observer  will  seem  to  be 
which  we  deduced  our  definition  of  in  the  same  position  with  respect  to  the 
these  points, — namely,  the  rismg  and  points  P,  p,  and  the  line  joining  them, 
setting  of  stars,  do  not  take  place  at  There  is  therefore  nothing  absurd  or 
these  situations.  We  have  already  seen  contradictory  in  the  apparent  coinci- 
that  P,  p,  are  points  in  the  meri-  dence  of  each  situation  with  the  line 
dian  of  every  place ;  all  these  meridians  V  p,  if  we  only  suppose  the  points 
therefore  intersect  each  other  at  the  P,  p,  so  remote  from  the  earth,  that  anv 
two  poles.  If  p,  the  South  Pole,  be  line  drawn  on  its  surfieu^  is  too  smaU 
above  the  horizon,  P,  the  North  Pole,  to  be  estimated  in  comparison  with 
will  of  course  be  below  it.  that  distance ;  and  we  get  therefore  a 
One  circumstance  may  here  require  notion  of  the  vast  distance  of  those 
explanation  before  we  proceed  farther,  points,  instead  of  a  difficultjr  affecting 
We  have  already  seen  that  the  centre  of  the  notion  of  such  a  revolution,  as  we 
the  heavenly  sphere  is  a  point  in  the  have  supposed  to  take  place.  If  how- 
axis  P  t>,  and  that  this  centre  ap-  ever  every  point  on  the  earth's  sur« 
pears  to  be  the  situation  of  the  observer ; 


and  we  have  also  said  that  the  results  of  •  Every  circle  is  concelred  to  be  divided  into  800 
part*  celled  degrees,  each  degree  Into  60  minutes, 

•  The  circle  made  hy  tbe  intersection  of  such  a  «»ch    minute  into  60  seconds,  each  second  into 

plane  with  the  sphere  of  the  heavens  is  called  the  ^  ^\ArA%,  and  so  on.    One  degree  is  written  i°  i 

prime  vertical  <*°c  minute  1 ,  one  second  1^ ;  and  so  on  j  though 

+  A  weU.known  star,  «  of    the  Little    Bear.  ^«  divisions  beyond  seconds  *«  <1H!««  «•  '^ 

called  also  Polari,  or  the  Pole  Star,  is  at  the  dis-  Si"'*^  «P«"»ed  ^;^^^^Zt,?f^*^lit!^^: 

tance  of  only  one  degree  and  fifty  minutes  (see  the  Th"s  nine  degrees,  fifteen  mlnut^twtl^^Becw^ 

next  note)  from  thi  North  Pole  P.  Its  motion.  »«<l  ''?*°X/i°'  ^***'?!'  *'^'^?°  ?!i5  lE^ 
like  that  of  aU  other  stars,  is  in  a  circle,  every  point  »''  "  24  thirds  are  |^.  or^-^  of  a  second,  they  are 
of  which  is  equidistant  from  P.  As  F  therefore  is  also  \iTitten  9^  15'  12^.  4.  A  degree  therefore 
a  fixed  point,  and  the  Polestar  always  very  near  it,  is  the  dSOth  part  of  a  circle,  a  minute  the  21000tli 
the  observation  of  the  Polestar  furnishes  a  veir  part  of  it  {  half  a  minute,  the  quantity  mentioned 
easy  method  of  finding  very  nearly  the  fixed  North  in  the  text,  the  43200th  part  of  a  circle.  The  de- 
Pole  of  the  heavens.  The  meridian  being  a  ver-  grees.  minutes,  Ac.,  of  one  circle,  will  of  course 
tical  circle,  and  passing  through  the  pole  to  the  occupy  more  space  than  those  of  another,  exacUy 
horixon.  the  points  where  it  intersects  tbe  horison  in  the  same  proportion  as  the  one  circle  is  longer 
arc  those  points  of  the  horixon  respectively  than  the  other,  for  they  are  in  each  the  same  pro* 
nearest  and  most  distant  from  tlie  pole,  and  thus  portional  part  of  the  whole  circle.  They  corre- 
the  North  point  of  the  horixon  is  that  nearest  to.  spond  to  the  same  angle  in  every  case,  but  differ 
and  the  South  point  of  the  horixon  that  most  dig*  In  linear  magnitude,  as  the  chrclei  on  which 
taut  from,  the  North  Pole.  they  are  measured  differ* 
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face  be  appexentlv  in  the  line  P/»,  so  they  would:  and  in  eveiry  case  it  is 

must  its  centre  aiso,  which  lies  in  the  found  that  they  do  so.    Again,  the  earth 

midst  between  these  points.    The  axis  bein^  globular,  there  are  points  on  its 

Pp  therefore    may  be    considered  to  surface  from  which  an  observer  will  ac- 

pass  apparently  tmrough  the  centre  of  tually  see  the  opposite  part  of  the  hea- 

the  earth ;  and  we  shall  hereafter  see  vens  from  that  presented  at  any  given 

the  strongest  physical  reasons  for  be-  places;  and  the  question,  whether  the 

lieving  that  it  actually  does  so.  same  motions  be  continued  below  the 

There  are  several  reasons  which  con-  horizon  which  we  observe  above  it,  may 

▼ince  us,  on  veiy  slight  examination,  in  this  way  also  be  brought  to  the  test 

that  the  earth  itself  is,  speaking  loosely,  of  complete  trial,  and  the  truth  of  the 

of  a  globular  figure.  They  are  collected  doctrine  will  be  established,  if  we  find 

and  explained  in  the  first  pages  of  the  that  in  every  part  of  jthe  earth  the  same 

'*  Treatise  on  Mathematical  Greography;*'  appearances  of  circular  motion  are  ob- 

and  it  is  therefore  unnecessary  here  to  served  in  the  paths  of  the  stars  above 

^0  into  any  account  of  them  *.    But  it  the  several  horizons  of  each  observer. 

IS  important  here  to  point  out  how  we  And  this  we  find  to  be  universally  the 

are  enabled  by  this  globular  figure  of  case.    In  every  way  therefore  the  ori- 

the  earth  to  verify  the  conclusions  we  ginal  conclusions,  which  we  draw  from 

have  already  formed  respecting  the  mo-  observations  at  a  single  place,  are  con- 

tions  of  the  stars.    The  earth  being  con-  firmed  by  a  comparison  of  those  made 

vex  at  all  points,  the  horizons  of  different  at  several. 

places,  which  are  always  planes  touch-        We  shall  hereafter  see  that  there  is 

m^  the  earth  at  those  points,  will  be  in-  another  and  simpler  mode  of  accounting 

dined   to  each  other  at  all  different  for  these  appearances,  by  ascribing  a 

angles;  and  .the  height  of  the  pole  above  motion  of  rotation  to  the  earth  itself, 

the  horizon  will  vary  in  consequence.  The  appearances  themselves  however 

The  height  of  the  pole  above  the  horizon  are  exactly  those  which  would  result 

measures  what  is  called  the  laHtude  of  from  the  rotation  of  the  heavens ;  and 

the  place.    We  shall  hereafter  explain  our  only  proof  that  the  other  theoiy  will 

why :  it  is  sufficient  now  to  state,  .that  account  for  them,  will  be  by  shewing 

whenever,  we  speak  of  the  latitude  of  a  that  it  must  necessarily  produce    the 

place,  as  having  a  particular  value,  for  in-  same  appearances  as  the  actual  rotation 

stance  50°,  we  mean  that  the  pole  is  there  of  the  heavens  would  do.     We  may 

at  the  height  of  50°  above  the  horizon,  therefore  properly,  for  the  present,  treat 

We  have  already  seen  that  there  are  the  rotation  of  the  heavens,  not  as  an 

certain  stars  which  never  sink  below  the  established  fact,  but  as  a  supposition 

horizon  at  a  particular  place,  and  which  enabling  us  to  Account  for,  and  repre- 

at  that  place  are   called  cireumpolar  sent  all  these  appearances, 
stars.    If  we  take  another  situation,  so 

that  the  height  of  the  pole  above  the  Section  2.--'First  Observations  on  the 
horizon  be  greater  there  than  at  the  apparent  Motions  of  the  Sun-Diur- 
former  place,  some  of  those  stars  which        ^^  Motton—Annual  Motion. 

before  rose  and  set,  will  now  (if  the  sup-  Having  thus  ascertained  the  apparent 

position,  that  they  continue  to  describe  rotation  of  the  heavens  and  the  stars 

Delow  the  horizon  the  remainder  of  the  round  an  axis,  we  may  proceed  to  con- 

circle   which   they  were  seen   to    de-  sider  the  more  complicated  appearances 

scril>e  in  part  above  it,  is  a  true  one)  presented  by  the  sun.    The  first  notion 

have    their  whole   course    above  the  which  we  gain  from  observation  is,  that 

horizon :    in    other  words,  they   also  he  also  follows  the  same  course  of  revo- 

will  be  cireumpolar  stars  at  the  second  lution  as  the  stars ;  for  he  is  seen  to  rise 

place    of   observation;    and   we  may  in  the  Eastern,  and  set  in  the  Western, 

thefe  ascertain,  by  complete  observa-  part  of  the  heavens,  culminating  in  the 

tion,  whether  they  do  actually  describe  meridian,  and  rising  and  setting  at  points 

the  whole  circle,  as  we  have  supposed  apparentlv  equidistant,  or  very  nearly  so, 

—TZZ .  i    .!> .  >  ^»    A^   ^^  from  the  North  point  of  the  horizon.   So 

*  The  argamcDt  In  that  treatise  deduced  fVom  t.    ^     ^*ivr«^ 

the  appeeranecfl  of  hemeni^  bodies  cannot  pro-  far  the  appearances  ot  a  Single  day  seem 

periy  be  applied  to  the  parpoaes  of  this  treaUse,  as  to  correspond  with  thosc  already  noticed 

the  reader  most  be  inpposed   hitherto  ignorant  •     ^u      a^.^       -d..^  when  wp  rpoister  the 

of  the  nature  of  these  appearances.     Omitting  ^^  *"®  Siars.     UUl  wnen  we  register  Uie 

these,  we  have  snflicient  evidence,  in  p.  3  of  that  observations  of  a  long  period,  a  year  for 

iveattse,  of  the  giobujax  figure  of  the  earih  in  a  example,  wc  find  a  Striking  difference 

tS'^^r;::^'^'''^'''^''''''''''^  betw^  the  two  cases.    The^tar  always 
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appears*  in  the  meridian  at  the  same  its  direction  is  opposite  'to  the'  former, 
spot,  it  rises  always  in  one  point  of  the  that  is  to  say,  from  North  to  South.  The 
East,  and  sets  in  one  point  of  the  West ;  same  observations  may  be  made  where 
but  all  these  things  are  di£ferent  in  the  the  South  Pole  is  above  the  horizon,  with 
case  of  the  sun.     If  we  observe  hi^  similar  results;  the  only  difBerenee  being, 
heiji;ht  when  he  crosses  the  meridian,  we  that  in  that  case  his  motion  Southwards 
find  that  it  is  less  on  the  2 1st  day  of  produces  efl^ts  corresponding  to  those 
December,  than  at  any  other  period  of  motion  Northwards  m  the  other, 
during  the  year;  that  it  is  greatest  on       This  however  is  not  the  only  motion 
the  following  2 1st  day  of  June;  and  that  which    we   can  discover  in  the  sun. 
in  the  interval  it  is  on  each  succeed*  Every  one  who  has  observed  the  nightly 
ing  day  greater  than  on  the  preced-  appearances  of  the  heavens  with  any 
ing  one:  and  again,  after  the  2l8t  of  attention,  is  aware  that  they  continually 
June  the  sun '  passes  the  meridian  at  differ.    On  each  succeeding  night,  or  it 
/points  successively  lower  on  each  day,  may  be  more  convenient,  for  the  sake  of 
until,  on  the  21st  of  December,  he  again  marking  the  changes  more  strongly,  to 
returns  to  his  least  elevation.    The  va*  take  nights  at  a  considerable  interval, 
nation  of  this  elevation  is  not  uniform ;  as  for  instance  a  month,  f^om  each  other, 
it  is  most  rapid  about  the  21st  of  March  some  stars  become  visil)le  which  had  not 
and  the  21st  of  Septeml)er ;  and  for  a  been  so  at  the  last  time  of  observation, 
few  days  before  and  after  the  21st  of  and  others  cease  to  appear  which  had 
June  and  the  21st  of  December  it  is  then  been  seen.    The  new  stars  which 
hardly  perceptible.     M  these  periods  from  time  to  time  make  their  first  ap- 
therefore  the  sun  has  loosely  been  said  pearance,  do  so  invariably  in  the  Eastern 
to  stand  still ;  and  they  have  in  conse-  portion  of  the  heavens  a  little  before 
guence,  and  from  the  seasons  at  which  sun-rise :  those  which  have  ceased  to 
in  Europe  they  happen,  gained  the  name  appear  always  were  last  seen  tn  the  West 
of  the  summer  and  winter  solstices.  The  a  little  after  sun-set.     It  is  found  also, 
same  observation  may  be  made  also  that  stars  which  rose  a  little  before  the 
with  respect  to  the  points  where  the  sun  sun  at  the    former  observations,  rise 
rises  and  sets ;  indeed  it  is  a  necessary  longer  before  him  at  the  latter ;  and,  in 
consequence  of  the  sun  rising  from  day  the  same  manner,  that  those  which  set 
to  day  higher  on  the  meridian,   that  a  certain  time  after  him  at  the  former, 
his  points  of  rising  and  settinj^  should  set  a  less  time  after  him  at  the  latter 
also  approach  the  pole  which  is  above  observations.     It  is    easily  seen  that 
the  horizon ;  and,  on  the  other  hand,  these  changes  can  only  be  occasioned 
when  he  is  falling  on   the  meridian,  in  one  way.    We  have  already  seen  that 
that  the  points  of  rising  and  setting  the  stars  themselves  keep  the  same  po-  ' 
should  in  like  manner  recede  from  it.  sitions  with  respect  to  each  other;  but 
It  is  also  found  by  nice  obseryatioUf  the  sun  evidently  approaches  the  r^ons 
that  during  the  period  in  which  his  me-  of  the  heavens  which  are  above,  but 
ridian  heists  are  continually  inoreasing,  near  his  point  of  setting  in  the  Western 
be  always,  when  it  is  the  North  Pole  part  of  the  horizon,  at  the  time  of  hia 
which  is  above  the  horizon,  sets  nearer  setting ;  for  having  previously  set  before 
to  the  Northern  point  than  ne  rises,  and  stars  Ihere  situat^,  he  now  sets  at  the 
rises  on  the  following  day  still  nearer  the  same  time  with  them.    In  the    same 
North ;  and  conversely,  that  when  his  manner,  he  recedes  from  the  regions  of 
meridian  heights  are  continually  dimit  the  heavens  which  are  near,  but  above 
nishing,  his  point  of  setting  on  any  day  his  point  of  rising  in  the  eastern  part  of 
is  more  Southward  than  that  of  his  rising  the  norizon  when  he  rises ;  for  naving 
that  day,  but  less  so  than  that  of  his  previously  risen  at  the  same  time  with 
rising  on  the  following  day.    All  these  stars  there  situated,  he  now*  rises  aftcv 
observations  correspond  exactly  to  the  them.    He  evidently  therefore  has  a  mo- 
supposition,  that  for  the  six  months  ex-  tion  fh>m  West  to  East    These  obser- 
tenoing  from  the  winter  to  the  summer  vations  hold  alike  in  eveiy  period  of  the 
solstice,  the  sun,  besides  partaking  of  the  year,  and  at  the  close  of  the  year  the 
general  rotation  of  the  heavens,  has  a  sun  is  in  the  same  position  relatively  to 
proper  motion  of  his  own  in  the  heavens  the  stars,  as  at  its  beginning.    We  have 
which  continually  carries  him  North-  therefore  asoertainea  that  he  has  a  pro- 
ward  ;  and  again,  that  in  the  interval  be^  per  motion  from  North  to  South,  and 
tween  the  summer  and  the  winter  solstice,  back  from  South  to  North,  which  restores 
he  has  idso  a  proper  motion,  but  that  him  at  the  end  of  the  year  to  the  same 
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altltade  when  on  the  meridian  which  he  the  M  fbrce  of  the  difficulty.    A  day  is 

had  at  its  heginning ;  and  that  he  has  the  period  to  which  we  comn)on1y  refer 

also  a  motion  from  West  to  East,  which  everything,  and  which  we  consider  as  of 

in  the  same  period  hrings  him  back  to  a  fixed  and  uniform  duration  ;  a  day  is 

the  same  place,  but  which,  being  conti-  also  the  period  between  the  successive 

nually  in  one  direction,  can  only  ao  so  by  appearances  of  the  sun  on  the  meridian ; 

making  him  describe  in  that  direction  and  in  common  language  it  is  sdso  the 

the  complete  circuit  of  tbe^'heavens.  period  between  his  successive  risings  or 

settings.  Being  thus  in  the  habit  of  using 


lor  and  sidereal  day^Meaeure  qf  events  wbch  do  m  fact  happen  veiy 
place-^Might  Qicmmnr^Dedimtion  ^^^^^  ^  t^^*  <l«*'^n?e  ^^  *»"«  ^^ 
-^Sun's  path,  the  ecliptic  ^Equin  each  other,  we  cannot  readi^  separate 
nociiai  piints-^Longitwie^Latiiude.  t^?  ^<>  ^^^^P'^fi^^  of  the  word,  or  per- 
'^  ^  ceive  how  difficult  it  would  be  to  dls- 
We  ai«  still  however  far  from  a  unSRr  cover  the  equality  of  the  intervals  be- 
cient  knowledge  of  the  motions  either  of  tween  these  events  unless  we  had  some 
the  sun  or  stars.  We  see  that  they  revolve  certain  and  definite  standard,  indepen- 
round  Uie  earth*  but  that  they  do  not  dent  of  themselves,  whereby  to  measure 
do  so  in  the  same  time,  and  we  cannot  them.  The  difficulty  however  certainly 
yet  tell  whether  either  revolve  uni-  exists ;  and  we  may  in  some  degree  he 
formly,  or  with  a  variable  motion.  To  convinced  of  its  force,  even  by  an  argu- 
know  any  thing  certain  concerning  mo-  ment  drawn  from  the  difference  between 
tion  we  must  know  the  space  passed  the  two  latter  uses  of  the  word  £^  which 
over  and  the  velocity  with  which  it  is  so.  we  have  mentioned.  During  the  period 
But  the  velocity  can  only  be  measured  in  which  the  sun's  motion  is  from  South 
by  the  space  passed  over  m  a  given  j^or-  to  North,  we  have  already  seen  that  he 
tion  of  time,  and  the  first  great  object  rises  farther  North  on  each  sucpessive 
therefore  is  to  find  out  some  method  of  morning,  and  it  necessarily  follows  (a 
computing  and  measuring  time.  If  we  consequence  which  will  be  fully  proved 
knew  that  the  motion  either  of  the  sun  hereafter),  that  on  each  successive  day 
or  of  the  stars  was  equable,  we  might  a  larger  portion  of  his  circle  of  rota- 
adopt  that  motion  as  a  stanaard ;  but  it  tion  is  above  the  horizon.  If  his  motion 
is  evident  that  we  have  as  yet  no  reason  be  such  that  each  successive  interval 
for  so  supposing,  An  hour  appears  a  between  his  (appearances  on  the  meri- 
period  of  a  very  different  length  accord-  dian  is  equal,  or  nearly  so,  his  succes- 
ipg  to  the  mode  in  which  we  pass  it :  sive  appearances  on  the  horizon  will  be 
almost  imperceptible  sometimes  in  sleep,  rapidly  accelerated  for  a  considerable  pe- 
short  in  agreeable  mental  or  bodily  exeiu  riod,  then  slowly  so.  and  finally  retarded, 
tion  or  ainusement,  long  in  irksome  em-  This  will  be  more  fuUy  explained  hereafter; 
ploy  ment  or  tedious  idleness ;  and  we  have  but  we  all  know  the  met  from  the  common 
no  power,  by  mere  sensation,  of  accurately  tables  of  the  time  of  sun  rise.  Thus,  in 
discriminating  or  comparing  the  lengths  our  climate,  in  March,  sun-rise  precedes 
of  several  unconnected  periods.  But  the  the  arrival  of  the  sun  on  the  meridian  by 
periods  of  the  successive  returns  of  a  a  period  increasing  from  day  to  day 
heavenly  body,  whether  it  be  sun  or  stari  by  about  two  minutes ;  in  June  the 
to  the  meridfian  are  unconnected ;  and  alteration  is  hardly  perceptible  ^  and  in 
we  consequently  have  no  means  by  mere  September  the  interval  diminishes  as 
mental  perception  of  comparing  their  rapidly  as  it  increased  in  March.  In 
durations,  and  saying  whetn^  they  are  March  then,  the  day,  understood  as 
equal  or  unequal.  And  this  being  the  the  interval  from  sun-rise  to  sun-rise, 
case,  we  can  have  no  right  to  assume  is  al)out  two  minutes  less  than  the  day, 
either  as  a  standard  of  time ;  for  time,  understood  as  the  interval  from  noon  to 
like  everything  else,  can  only  be  mea-  noon ;  while  in  June  they  are  eouaJ, 
sured  by  reference  to  something  of  a  and  in  September  a^in,  the  day  fi'om 
fixed  and  determinate  value.  Our  no-  sun-rise  to  sun-rise  is  as  much  longer 
tions  of  time  indeed  are  so  complicated  than  that  from  noon  to  noon,  as  it  was 
with  the  words  describing  the  periods  shorter  in  March.  No  man  could  pre- 
into  which  we  find  it  convenient  to  divide  tend  to  be  conscious  of  these  minute 
it,  that  it  requires  some  attention  to  feel  differences  of  duration ;  and  if  there- 
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fore  we  were  to  depend  on  sensation  of  time  must  be  used  in  the  process, 
merely  for  our  measure  of  time,  we  Nothing,  therefore,  which  depends  upon 
might  just  as  well  take  the  interval  from  the  measurement  of  velocity  can  be  axK 
sun-rise  to  sun-rise  for  our  standard,  as  mitted,  for  velocity  only  means  space 
that  from  noon  to  noon  ;  and  either  as  described  in  a  certain  time.  We  have 
that  from  the  successive  appearances  however  sufficient,  thoug^h  not  very 
of  a  given  star  on  the  meridian.  The  ready  means  of  ascertaining  the  fact, 
differences  between  the  actual  lengths  Space  is  easily  measured ;  and  the  mo- 
of  these  different  periods  may  seem  mentum  of  a  body  can  be,  although  not 
trifling;  but  such  is  the  nicety  re-  very  accurately,  yet  sufficiently  estimated 
quired  in  astronomical  observations  and  by  the  effects  it  produces.  If  the  quantity 
computations,  that  no  inaccuracy  can  of  matter  in  a  body  be  represented 
safely  be  overlooked;  nor,  if  we  once  by  A,  and  the  force  acting  on  each  par- 
force  ourselves  to  give  up  the  appear-  tide  of  matter  in  it  by  F,  and  the  space 
ance  of  security  given  by  the  popular  through  which  it  fuls,  by  S,  it  may 
use  of  the  words  "  day,"  "year,"  &c«,  be  proved,  as  a  necessary  consequence 
are  we  justified  in  beUevin^  that  our  of  the  meaning  of  these  terms,  that 
errors  will  be  confined  withm  any  nar-  t^^  momentiin  varies  as  A.  F.*,  S> 
row  limits.  .  ^  ^  r  I^  therefore  we  try  the  experiment 
We  have  howev^  one  standard  of  ^t|j  ^he  same  body  falling  through 
time  mdependent  of  anv  assumption  ^^e  same  space  at  different  times,  the 
whatever,  except  that  of  the  truth  of  ^  •«  t^*  ^  .« 
those  general  principles,  called  the  laws  of  momentum  will  vanr  as  F*,  and  will 
motioS,  which  are  involved  in  all  the  increase  and  dimmish  vnth  the  increase 

deductions  of  mechanical  science,  and  *^^^^°?"^!;V^\^i  **\®  *^*'<^^-,  ^V^t^ 
which,  although  inferred  from  observa-  ^^  ™^  ^^at  the  body  always  sinks  to  the 
tion  and  reasoning,  do  not  admit  of  strict  s^^i?  a«P*'}^  ^^  .similar  bodies  placed  to 
and  absolute  demonstration.  All  bodies  f^ceiye  it,  that  it  produces  the  same  con- 
are  found,  by  experiments  made  any-  traction  of  a  spring  attached  to  the  point 
whereon  theearth%  surface,  to  fall  there  on  which  it  falls,  and  generally  that  it 
towards  the  earth  in  a  straight  line,  produces  effects  always  equal  in  man- 
called  a  vertical  line,  in  consequence  JJf  rs  which  may  be  varied  according  to 
of  the  action  of  some  force  acting  on  J"f  pleasure  of  the  experimenter,  we  are 
them  in  that  direction,  which  we  cafi  the  ^^^  ^^  ™  conclusion  that  the  force 
force  of  gravitation.  If  at  that  point  the  always  acts  dike  at  the  same  point, 
force  act  at  every  instant  of  lime  with  Now  this  is  the  conclusion  found  by 
the  same  intensity,  a  pendulum  properly  experiment  We  have  therefore  m 
adjusted  will  perform  its  successive  *"«  pendulum  a  standard  of  dura- 
oscillations  in  equal  times ;  that  is  to  tion :  not  a  convenient  one  as  jet,  be- 
say,  it  will  always  take  the  same  time  in  cause  we  have  nothing  whereby  to  fix 
swinging  backwards  and  forwards.  This  on  any  particular  length  of  nendulum  as 
depends  on  no  assumption  whatever ;  it  t^«  standard ;  nor  a  general  one,  for  we 
is  a  necessary  mathematical  consequence  ^i^^M  yet  no  reason  to  form  an  opinion 
of  the  acUon  of  a  constant  force,  tend-  whether  the  force  of  gravity  at  different 
ine  vertically  downwards,  on  such  a  points  on  the  earth  s  surface  is  the  same 
body  so  suspended.  If  therefore  we  or  different,  and  we  therefore  cannot 
can  ascertain  that  the  force  by  which  a  <^ell  whether  our  pendulum  of  one  place 
body  falls  to  the  ground  at  a  particu-  vi^uld  swing  at  the  same  rate  at  another, 
lar  place  is  always  equal,  we  know  that  We  know  only  that  at  the  place  where 
the   oscillation  of   a  pendulum  there  the  experiments  were  tried  its  successive 


assume  inai  tnis  lorce  is  invanauie,  un    -r-- —     -^       * '*i:  --'77--™ 

the  prmciple  that,  all  the  circumstances  of  the  sun,  or  stars,  or  either  of  them, 

under  which  it  acts  being,  as  far  as  we  ^  of  uniform  length  ;  for  whatever  be 

can  perceive,  the  same  at  all  times,  there  t^e  duration  of  the  uniform  oscillation 

is  no  reason  whatever  for  supposing  it  to — 

vary.  It  is,  however,  satisfactory,  if  pos-  « [Momentum  x  w. v.         .^^^  ^  ^  V  fT) 

sible,  to  ascertain  bv  actual  experiment,  *  ^•^-  ^- '  '^ 

whether  the  force  be  variable  or  not.  «  a.f,Vfs. 

Of  course,  when  the  object  is  to  ascertain  ~"                ^    , 

the  mode  of  measuring  time,  no  measure  «  a.  f.^  s  ^* 
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of  our  pendulum,  if  we  observe  that  that  the  fieavens  revolve  round  their  axis 
either  of  these  periods  of  revolution  continually  unth  an,  uniform  velocity. 
always  includes  the  same  number  of  The  discoveries  of  an  advanced  state  of 
these  oscillations,  that  is  an  uniform  science  furnish  the  most  complete  con- 
period,  and  may  itself  be  adopted  as  a  firmation  of  this  result,  by  shewing  that 
standard  of  duration.  If  the  number  none  of  the  causes  which  produce  va- 
of  oscillations  be  different  in  different  nations  and  disturbance  in  other  mo- 
revolutions,  the  period  is  not  uniform  or  tions,  produce  any  in  that  from  which 
fit  for  a  standara*.  the  apparent  motion  of   the   heavens 

Now  the  period  of  revolution  of  the  round  an  axis  proceeds, 
stars  is  found  by  this  sort  of  comparison  The  interval  between  the  successive 
to  be  always  accurately  the  same.  Each  appearances  of  the  sun  upon  the  me- 
star  is  found  to  have  precisely  the  same  ndian,  or  from  noon  to  noon,  is  neces- 
interval  between  its  successive  appear-  sarily  longer  than  that  between  those  of 
ances  on,  or  as  they  are  also  termed,  a  star ;  for  as  the  motion  of  the  heavens 
i^jpu/^^^  to,  the  meridian,  and  this  interval  is  from  East  to  West,  and  the  proper 
is  called  a  sidereal  day.  It  is  also  found  motion  of  the  sun  from  West  to  East, 
that  the  different  portions  of  each  revo-  the  sun  on  each  successive  day,  when 
lution  are  described  in  proportional  the  point  of  the  heavens  where  he  was 
periods :  thus,  if  two  different  stars  are  at  noon  on  the  day  before  returns  to  the 
in  the  same  circle  of  rotation,  but  the  meridian,  is  to  the  Eastward  of  that 
one  distant  180°  from  the  other,  the  half  point,  and,  consequentiy,  to  the  Eastward 
of  a  sidereal  day  elapses  between  their  of  the  meridian ;  and  he  therefore  only 
appulses  to  the  meridian;  if  the  dis-  returns  to  the  meridian  after  the  rota- 
tance  of  two  such  stars  be  90°,  the  tion  of  the  heavens  has  continued  for 
interval  between  their  appulses  is  a  some  additional  period,  long  enough  to 
quarter  of  a  sidereal  day ;  and  so  in  like  bring  his  new  place  to  the  meridian.  The 
manner  for  every  proportion  of  distanccf  interval  between  two  successive  appulses 
We  find  therefore,  not  only  that  the  of  the  sun  to  the  meridian,  is  called  a 
duration  of  a  sidereal  day  is  constant,  but  solar  day.  We  find  by  observations  with 
that  during  every  part  of  it  the  rotation  our  pendulum,  that  the  length  of  the 
goes  on.  uniformly;  or  in  other  words,  solar  day  is  continually  varying,  but  still 
that  its  variations  succeed  ea<m  other  in 

•  It  mnst  not  be  undemtood  that  the  con.!de«-  ?  regular  SUCCeSsion,  and  gO  through  all 

tioot  auted  in  the  text  were  those  from  which  their  changes  m  a  certain  penod  of  time, 

the  expediency  of  using  the  pendulum  as  a  a  year.    Although  therefore  the  solar 

sUndard  of  time  was  in  fact  deduced,  though      .^^  .    ^-  „„«:«iJr  i«„^u   ««  ««„    «„  „,« 

they  seem  to  fnrnUh  the  mode  of  deducing  It,  Q^Y  W  Of  Variable  length,  We  CaU,  as  WO 

whichlnTOlTesthefeweatassnmpUons.ltls,  indeed,  IcnOW  all  its  variations  and  their  period, 

probable  that  the  experlmente  mentioned  in  the  «-«prtnin  ifo    mMn  or  averfure  If^nirfh  • 

texthave  never  been  made  with  any  degree  of  ml-  MCerxain  US    mean  or  average  lengrn, 

natcness.    Huygens»  who  first  demonstrated  the  and  this  quantity  IS  Called  a  mean  SOlOT 

mathematical  principles  of  the  motion  of  a  pendu-  (l(xu, 

lum,  though  Galileo  had  accidentally  observed  that  fU.  ,   ,  «.«  i_    •£  j>       •  i. 

Its  oscillations  appeared  to  be  all  of  the  same  The  pendulum,  although  it  fumishes 

length,  seems  to  have  proceeded  on  the  princlpte  uS  with  the  means  of  ascertaining  that 

?;^^".:io^n^'roVJnrf^V'S^nSTf  the  motions  of  the  stars  are  uniform, 

any  apparent  reason  for  Its  varying.    From  this  and  those  of  the    SUU  variable,   IS  not, 

assumption  he  deduced  ^euws  of  A^^^^  for  the  reasons  we  have  given,  adapted 

pendulum }  and  it  has  ever  since  been  adopted  as  .      .!.<•.•.  «      9       .<•      *^^i_ 

Uiesundardoftime.  in  the  iirst  instance  for  tumishing  the 

t  These  obsenrationaof  distance  cannot  be  made  common  standard  of  time.     The  solar 

2SiSr'^rniT5:?.'"w"S'p?iS;i'?.'''.S'P  day.  again,  does  not  seem  well  suited 

position  that  the  heavens  do  revolve  continually  tO  the  purpOSe,  On  aCCOUnt  Of  itS  van- 

SS."S.f^.t«i-gh  w~n™  «'"  SS'.h:  able  leneth.    On  the  other  hand,  as  the 

limits  wiuiin  which  any  variation  muit  be  confined  coutinual  appearances  and  re-appear- 

must  be  exceedingly  small:  for,  by  multiplying  ances  of  the  SUn  above  the  horizOn  fur- 

.1;:SrS:rr«"t,  «'S.y??^:;b:,1Xr.t  nish  the  most  remarkaWe  distinctions 

no  cause  affecUng  all  the  observations  in  the  same  between  different  portions  Of  time,  and 

:?5b^«rJSd lS^^Sii7"« *u.SS'ftol?1h:  do  pracUc^ly  n^mate  the  occupations 

suppoeiUon  that  there  is  no  constant  cause  of  error  01  men,  and  determine  the  penods  01 
affecting  aU  the  observations  o/iAe:  any  accidental  labour  and  those  of  rest,  it  WOUld  he 
cause  is  likely  to  affect  them  in  different  manners,  :««^«„„-.:«„*  „,»  ♦/>  ««  *u«  ..*.«»ri«wl  ^f 
sometimes  Increasing  and  sometimes  diminishing     mconvenient  SO   tO  fix  the  standard  Of 

the  apparent  distence,  and  the  errors  thus  com-     time  USed  respecting  the  COmmoU  OCCUr- 

SrSSfiSSS  '^'^rJS^A"*^^*  «"««"  °'  "f«.  .*at  ti>e  periods  by  which 
differ  much  from  the  troth,  we  measure  it  should  contmually  have 


14  ASTRONOMY.  [I.  ^  3. 

their  commencement  at  different  parts  of  the  oscillation  shall  be  accurately  tho 

of  this,  which  we  may  call  ihe  work-  same  in  ail.    The  length  of  a  pendulum 

ing  day.    This  inconvenience  however  vibrating  seconds    in    the  latitude  of 

would  clearly   occur  if  we  took  the  London,  51°  31. '1,  in  a  vacuum  at  th« 

sidereal  dy  for  our  ordinary  standard ;  level  of  the  sea,  is  39,13929  inches, 
that   is,  if  we  fixed  the  commence-        Taking  these  common  divisions  of 

ment  of  the  day,  at  the  instant  when  a  time  into  hours,  minutes,  and  seconds, 

particular  star  is  on  the  meridian :  for  the  length  of  the  sidereal  day  is  found 

as  the  sun,  moving  continually  East-  to  be  uniformly  23  hours,  66  minutes, 

ward,  IS  successively  at  all  distances  or  more  accurately,  23*^    66"^  4'.092. 

East  of  the  star,  he  must  come  to  the  This  period  may  be  divided  into  24  equal 

meridian  at  all  intervals  of  time  after  it ;  portions,  and  each  of  those  subdivided 

and  consequently  the  star  will  be  on  into  60,  and  those  again  into  60  other 

the  meridian  at  one  period  of  the  year  equal  portions ;  and  these  divisions  will 

when  the  sun  is  so  also,  or  as  we  say  at  be  respectively  ndereal  hours,  minutes^ 

noon ;  at  others  when  he  is  just  nsing, .  cmd  seconds,  bearing  the  same  relation 

just  setting,  or  midway  below  the  hon-  to  the  sidereal  day  that  the  common 

aon,  or  as  we  say  at  midnijght    The  hour,  minute,   and   second  do  to  the 

mean  solar  day,  however,  is  hable  to  no  mean  solar  day.    Of  course  a  pendulum 

such  objection :  being  a  period  deduced  may  be  made  of  such  a  length  that  its 

from  computation  of  the  average  of  the  oscillations  will  be  of  a  sidereal  second 

actual  solar  days,  it  is  a  fixed  and  invar  each ;  and  in  fact  astronomical  docks 

riable  period;  and  as  no  solar  day  differs  uq  usually  made  so.     Computations 

much  from  it,  and  the  differences  are  and  observations  made  by  sidereal  time 

some  in  excess,  and  others  in  defect,  ure    of  course    easily   transferred  to 

the  period  of  the  observed  commence-  common  (or  mean  solar)  time,  and  the 

ment  of  the  real  solar  day  never  differs  reverse. 

so  far  from  the'  computed  or  resistered  Having  now  got  our  measures  of  time, 
commencement  of  the  mean  solar  dav  we  proceed  to  see  how,  by  means  of 
as  to  occasion  the  inconvenience  which  them,  we  can  ascertain  the  actual  post- 
must  result  when  these  standards  ma-  tion  of  the  sun  in  the  heavens  on  each 
terially  differ.  In  fact,  the  difference  particular  day.  His  light  so  far  over- 
between  the  commencement  of  the  real  powers  that  of  eveiy  other  Ixxly,  that 
and  the  mean  solar  day  never  much  there  is  some  di£Sculty  in  observing  his 
exceeds  sixteen  minutes*.  situation  accurately,  by  immediate  com- 
Taking  then  the  mean  solar  day  as  parison  with  that  of  others ;  for,  al- 
our  standard  of  time,  it  is  divided  into  though  we  can  see  the  stars  through 
twenty-four  hours,  each  hour  into  sixty  telescopes  in  the  day  time,  they  are  not 
minutes,  and  each  muiute  into  sixty  very  readOy  found,  and  cannot  easily  be 
seconds ;  and  these  are  each  of  fixed  observed  unless  we  have  some  previous 
and  determinate  length.  It  is  esta-  knowledge  of  their  positions,  and  adjust 
blished  by  the  principles  of  mechanics,  the  telescope  accordingly;  they  conse- 
that  we  can,  by  varying  the  length  of  a  quently  are  ill  suited  for  the  earliest 
pendulum,  make  its  oscillations  of  any  observations.  The  moon  indeed  is 
exact  length  that  we  please :  and  as  the  often  visible  at  the  same  time  with 
second  is  the  smallest  division  of  time  the  sun,  and  may  be  compared  in  her 
in  common  use,  it  is  usual  to  make  the  position  with  him  by  day,  and  after- 
pendulum  of  a  clock  of  such  a  length  wards  with  known  stars  by  night ;  but 
that  its  oscillations  are  of  a  second  each,  she  has,  as  we  shall  see,  a  very  compli- 
If  the  force  of  gravity  is  different  at  cated  proper  motion  of  her  own,  in  the 
different  places  on  the  earth  (as  we  shall  interval  between  the  two  observations ; 
hereafter  see  that  it  b),  the  lengths  of  and  consequently  furnishes  only  an  in- 
the  pendulums  vibrating  seconds  at  convenient  method  of  determining  the 
these  different  places  will  xiiffer ;  but  position  of  another  body.-  We  must 
they  may  be  so  adjusted  that  the  period  therefore  have  recourse  to  other  means, 

*  Althoughthecommencementof  themean.ol«r  f ^<*  ^^^  ^^"^  P«T>?8«  ^C  mUSt  explain  a 

day  fteemsthe  most  convenient  divialonoftime,  for  lew    Of  tOC    Simpler    properties  of    the 

the  reacons  given  In  the  text.  It  if  by  no  meana  sphere* 

universally  Viopted.    The  French  use  the  true  *^t_    ^^   «     !«♦  "D-*  »A,s..«»»*,i   i-Vii*  ««>;. 
aolar  day  i  that  is  to  say,  they  fix  the  commence-  ^^  fig*  2.  let  rp  represent  the  aXlS 

ment  of  each  day  at  the  instant  when  the  son  Ifl  of  the  heavens,  P,p,  being  the  poles,  and 

actually  on  the  meridian.    The  length,- therefore,  laf  PEnO   bp  the  mptiriiiLrt  nf  thp  oh. 

of  the  day  varies,  and  their  clocks  require  to  he  *ei  r  JL/?  ^    ^  ine  menumn  01  Tne  OD- 

rcyai»t«diic(oidiofiy.  server.    Suppose  also  that  a  plaxve  14 
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drawn  through  O,  the  centre  of  the 
■phere,  so  that  Pp  shall  be  per{)endleu* 
lar  to  it ;  the  intersection  of  this  plane 
with  the  sphere  will  be  a  great  circle  of 
the  sphere*,  and  this  great  circle  will 
bisect  the  meridian  PEpQ,  and  every 
other  circle  drawn  through  the  two 
points  Ftp,  as  PAi  p,  P  A,p,  PA, p. 
This  circle  EA^A,  Q  is  called  the 
equator.  The  meridian  of  every  place 
is  a'great  circle  passing  through  the  two 

Kles,  and  every  circle  so  passing  must 
the  meridian  of  some  particular 
places,  according  to  our  original  defl« 
nition  of  a  meridian.  Generally  there- 
fore they  are  called  mmdiaiM,  or  me' 
ridiotuu  Unee,  and  the  equator  bisects 
all  the  meridians.  In  this  sense  of  the 
word  the  meridians  are  lines  in  the 
sphere  partaking  of  its  sfeneral  revo* 
lution.  The  meridian  of  a  particular 
place,    on    the    contrary,    is    a; fixed 

*  Any  circle  fonned  hj  the  IntcrMctlon  with  Um 
•phere  of  a  plane  passing  through  the  centre  of  the 
•phere.  Is  called  a  rreai  eirele  of  the  sphere.  If  a 
diameter  of  the  sphere  be  drairn  perpendicular  to 
this  plane,  the  extremities  of  this  diameter  art 
called  the  polet  of  the  great  circle }  and  If  any 
number  of  great  circles  be  drawn  throagh  these 
poles,  they  will  each  be  in  planes  perpendicalar  to 
the  first  circle,  and  are  called  teeondaries  to  Uiat 
great  circle.  Being  In  planes  perpendlcnlar  to  it, 
they  are  so,  of  conrse,  to  all  other  circles  parallel 
to  it.    Thus,  taking  the  circles  whose  names  are 

Sren  In  the  text,  the  north  and  south  poles  of  the 
(arens  are  the  polea  of  the  equator,  and  every 
meridian  is  m  t^cotuUtry  to  the  equator,  and  per- 
pendicular to  It,  and  to  every  circle  parallel  to  It : 
or  every  meridian  is  perpendicular  to  every  circle 
of  dally  rotation,  for  all  such  circles  are  parallel, 
and  the  equator  is  one  of  them. 

It  may  also  be  convenient  here  to  mention  that 
all  great  circles  in  the  same  sphere  are  equal,  and 
that  they  all  bisect  each  other. 

On  all  matters  relatluf  to  the  propertlet  of  tb« 
•ptatrt^  MtTMMltf  ooO««B,  BookVI, 


line,  with  which  each  of  the  otheors  in 
the  course  of  its  revolution  coincides. 
Thus,  referring  to  the  common  celestial 
glolM  for  illustration,  lines  drawn  from 
pole  to  pole  on  the  sur&ce  of  the  glol)e 
would  be  mmdiane,  usin^  that  term 
generally:  the  brass  mendian 'corre^ 
spends  to  the  tneridian  qf  thepldce^  for 
which  the  globe  is  adjusted. 

The  equator  E  At  Q  being  a  ciTcle 
bisecting  every  meridian,  has  every  point 
equidistant  from  P,  or  p :  it  is  therefore 
a  circle  of  rotation,  or  any  pofait  situate 
in  the  eouator  describes  a  course  round 
the  earth  coincident  with  the  equator 
itself.  Let  eaio^qbe  any  small  circle 
parallel  to  the  equator.  It  will,  by 
the  properties  of  the  sphere,  have  every 
point  equidistant  from  P  or  p,  and 
will  consequently  be  a  circle  of  rota- 
tion. If  e,  ai,  01,  Ok  be  the  several 
points  where  the  different  meridians 
Pff  Ep.  Poi  A,  p,  PoiAtp,  Pob  A,p, 
cut  this  small  circle,  and  £,  A, 
Ai.  At,  the  points  where  the  same  meri- 
dians cut  the  equator,  then  it  is  a  pro- 
perty of  the  sphere,  that  whatever  l)ethe 
proportions  that  the  several  arcs  E  Ai, 
EAs,  EAs,  bear  to  the  whole  circle 
E  Ai  Q,  the  arcs'  eou  e<h,ea9,  hew  the 
same  proportions  respectively  to  the 
whole  circle  eoiq.  But  the  periods  of 
rotation  of  a  star  in  the  small  circle  e  Oi  q^ 
or  in  the  great  circle  £  Ai  Q,  are  equal : 
for  they  are  each  a  sidereal  day;  and 
the  motions  of  rotation  in  each  are  uni- 
form :  the  periods  of  rotation  therefore 
through  the  arcs  Oi  e,  Of  0,  ostf,  are  to  the 
whole  sidereal  day,  in  the  proportions  of 
the  respective  arcs  theowdvea  to  the 
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inrhole  eircle'eaiq;  and  the  periods  t)f  clock  marks  Qi'  0**wheil  the  first  point 

rotation  through  the  arcs  AiE,  AsE,  of  Aries  is  on  the  meridian;  when  it 

AsE,  are  to  the  same  whole  sidereal  day  marks  4"  the  bodies  then  on  the  meri- 

in  the  proportions  also  of  those  respec-  dian  are  sud  to  have  1°  or  4">  of  rij^ht 

tive  arcs  to  the  whole  circle  £  Ai  Q,  the  ascension :  when  it  marks  l\  the  bodies 

same  proportion  as  the  preceding;  ones,  on  the  meridian  are  said  to  have  \5°  or 

The  periods  of  rotation  therefore  through  1^  of  right  ascension, 

the  arcs  aie,  AiE,  are  equal;  and  so  are  By  the  observation  of  time  therefore 

those  through  oae,  and  A|£,  and  again  we  can  ascertain  the  right  ascension  of 

through  Ob  «,  and  As  E.     But  when  any  a  heavenly  body,  and  consequently  the 

point  of  one  of  these  meridians  coincides  meridian  on  which  it  is.    If  we  can  also 

with  the  meridian  of  the  place,  the  whole  observe  its  distance  from  the  pole,  or  its 

meri(Uan  coincides  with  it ;  or  every  point  distance  from  the  equator,  which  is  called 

of  a  meridian  is  on  the  meridian  of  the  iU  declination,  and  is  called  North  or 

place  at  the  same  time ;  and  the  periods  South  declination  as  the  body  is  North 

of  rotation  through  corresponding  arcs  or  South  of  the  equator,  we  ascertun . 

being  equal,  eveiy  point  of  a  meridian,  its  position  upon  that  meridian.    The 

when  not  on  the  meridian  of  the  place,  declination  l)eing  measured  along  a  me- 

requires  the  same  time  to  arrive  at  it ;  ridian,  the    meridians   have  also   the 

and  that  time  bears  the  same  proportion  name  of  cirdiis  of  declinaiion.    Every 

to  a  sidereal  day  that  the  arc  or  the  equsr  point  in  a  small  circle  parallel  to  the 

tor,  intercepted  between  the  meridian  of  equator,  is  of  course  at  the  same  dis- 

the  place  and  the  meridian  in  question,  tance  from  the  equator,  or,  in  other 

bears  to  the  whole  circumference  of  the  words,  has  the  same  declination :  such 

equator.    And  conversely,  if  we  observe  asmall  drcle  is  therefore  called  a  pa- 

the  time  when  one  star  is  on  the  meri-  raUel  of  declination. 

dian  of  the  place,  and  that  when  another  The  observation  of  declination  is  easily 

body  appears  Uiere  on  the  same  side  of  made.  The  horizon  of  any  given  place  is  a 

the  pole  (for  this  qualification  is  neces-  fixed  circle:  the  point  therefore  where  a 

sary  in  the  case  of  circumpolar  stars  perpendicular  to  the  horizon  meets  the 

which  appear  on  the  meridian  of  the  heavens  above  the  spectator's  head  (which 

place  both  above  and  below  the  pole),  is  called  the  2r^M«)  is  a  fixed  point  also, 

and  note  their  interval,  we  know  the  in-  This  point  may  always  be  ascertained, 

terval  of  the  ecjuator  intercepted  between  for  a  plumb  line  han^  directly  in  a  line 

the  two  meridians ;  for  it  is  the  same  from  it    The  zenith  is  obviously  a  point 

proportion  of  the  whole  equator  which  in  the  meridian ;  for  the  -plane  of  the 

the  observed  interval  of  tune  is  of  the  meridian  passes  through  the  place  of 

whole  sidereal  day.    It  is  of  course  con-  obseirvation  perpendicukr  to  the  horizon, 

venient  to  have  some  fixed  point  of  the  and  the  perpendicular  to  the  horizon  at 

equator  as  a  standard  of  reference,  and  the  place  must  be  a  line  in  that  plane, 

that  point,  which  we  shall  presently  see  The  zenith  is  the  pole  of  the  norizon, 

the  reason  of  choosing,  is  called  the  first  and  if  any  great  circles  be  drawn  through 

point  of  Aries,  and  is  often  marked  the  zenith,  they  will  be  secondaries  to 

thus  cp.    The  distance,  measured  East-  the  horizon.    These  are  called  vertical 

ward,  from  cy^  to  the  intersection  with  circles :  the  meridian  of  the  place  is  of 

the  equator  of  the  meridian   passing  course  one  of  them.    The  arch  of  a 

through  any  heavenly  body,  is  called  the  vertical  circle  intercepted    between  a 

right  ascension  of  the  body,  and  is  ob-  heavenly  body  and  the  horizon,  is  called 

viously  the  same  for  every  body  upon  the  the  altitude  of  the  body,  and  can  always 

same  meridian,  and  upon  the  same  side  be  measured  by  proper  instruments  f. 

of  the  pole,   and  for  none  off  it.    The 

right  ascension   may   evidently  be  esti-  •  The  opposite  point,  where  the  perpendicular 

mated  in  time,  as  it  is  ascertained  by  it.  produced  below  the  horUon  meets  the  opposite 

The  period  of  a  whole  revolution,  or  of  SSUru^Jm'InyooI^S^'S.'i^SlfSJ.iSS.^SSJ: 

passing    through    360,    is    twenty-four  are  derived  from  the  Arabian  observers, 

hours    of   Riilprpal    time  •    in    one    such  t  The  observer  being  placed  apparenUf  in  the 

nours    Ol    Siaereai   nme.    in    one    sucn  centreof  the  sphere,  the  angle  wflS  two  objects 

hour  therefore   a  l>Ody  passes   through  in  the  heavens  subtend  at  his  eye  will  accurately 

1 6°  of  riffht  ascension  :   m  four  minutes  «n«*»ure  the  arc  of  the  great  circle  of  the  heavens 

4K«./Mir»K  |0  .    o«ir1    «kn<.J  ...I^Uf  aoAAKko'ir^fia  which  llcs  between  them.    This  arc  therefore,  or 

through  1    ;   and  these  right  ascensions  their  dtetance.  is  accurately  measured  byo^r. 

may    be  equally  well    called     either   1  vatlon  of  the  angle  between  them  s  or  rather,  as 

and     15°,    or    four    minutes,     and     one  ^^^  know  nothing  of  their  actual  dlsunces.  we  can 

i:              T       4U             "»"*«i«.»,     ~l^*     ytj^  only  observe  the  angles,  which  give  us  the  rela- 

hour.     Jn  other  words*  an  astronomical  tire  ArMffM^of  the  bodies  >  ud  then  we  sttppoee 
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the  distance  from  the  body  to  the  ze-  dedinaf  ion  is  North.    When  the  North 

nith,  or  its  zenith  distance,  together  polar  distance,  as  P  Si.  is  greater  than 

with  the  altitude,  make  up  the  whole  90°,  the  declination  SiE  =  North  plar 

distance  of  the  zenith  from  the  horizon,  distance  —  90°.      In  each  case  tnere- 

or  90°.    The  zenith  distance,  therefore,  fore  the   declination  is  the  difference 

is  the  complement  of  the  altitude.  between  the  J^orth  polar  distance  and 

The  pole  is  a  fixed  point  in  the  90°,  being  North  when  the  North  polar 
meridian ;  it  is  therefore  at  a  fixed  distance  is  less,  and  South,  when  it  is 
distance  from  the  zenith  of  any  given  greater,  than  90°. 
place,  and  from  the  North  and  South  We  can  then  always  ascertain  the  de- 
points  of  the  horizon  there.  If  there-  clination  of  a  body  by  observing  its 
fore,  when  any  heavenly  fiody  is  on  the  altitude  when  on  the  meridian  of  tbe 
meridian,  its  distance  from  either  the  place.  Its  right  ascension  maybe  as- 
zenith  or  the  North  or  South  point  of  the  certained  in  the  manner  already  pointed 
horizon  can  be  observed,  its  distance  out :  or,  if  the  right  ascension  of  any 
from  the  pole,  or  its  North  Polar  dii-  particular  star  has  been  previously  ac- 
tance,  can  be  asc'ertained  from  it.  And  curately  ascertained  by  a  sufficient  num- 
it  is  obvious  that  if  an  instrument  be  ber  of  observations,  then  the  right  as- 
adjusted  so  as  to  move  in  the  plane  of  cension  of  any  other  star  may  be  found 
the  meridian,  these  distances  mav  be  by  observing  the  time  which  elapses 
ascertained  by  mere  observations  of  alti-  between  its  appearance  on  the  meridian 
tude  made  with  it:  for  the  altitude  of  a  and  that  of  the  star,  whose  place  w& 
body  when  on  the  meridian,  is  its  dis-  suppose  to  be  already  determined.  "Hie 
tance  either  from  the  North  or  South  observation  of  right  ascension  eives  us 
point  of  the  horizon;  and  the  com-  the  meridian  on  which  the  body  is 
plement  of  the  altitude  is  the  zenith  situated  in  the  heavens,  and  that  of 
distance.  The  adjustment  of  the  in-  decUnation  the  precise  point  of  that 
strument  to  move  in  the  plane  of  the  meridian,  and  the  two  combined  give  us 
meridian,  is  more  complicated  than  that  the  exact  place  of  the  body :  for  when- 
required  merely  to  make  it  move  in  a  ever  we  can  ascertain  the  distance  of  a 
vertical  circle :  it  is  however  generally  body  in  a  known  surface  from  a  given 
made  with  the  best  instruments,  which  point,  measured  in  two  directions  per- 
are  fixed  so  as  to  move  in  the  plane  of  pendicular  to  each  other  (as  in  this 
the  meridian,  and  in  that  only.  Having  case  along  the  equator,  and  along  a  cir- 
an  instrument  so  adjusted,  the  north  cle  of  declination),  or,  indeed^  inclined 
polar  distances  of  all  the  stars  may  be  at  any  given  angle  to  each  other,  there 
ascertained.  is  only  one  point  which  can  fulfil  both 

Let  Si,  Ss,  Ss,  S4,  in  Jig,  2,  represent  conditions,  and  that  point  therefore  is 
any  heavenly  bodies  on  the  meridian :  completely  ascertained. 
Si  E,  St  E,  Ss  E,  S4  Q,  are  obviously  In  thi^  manner  we  can  determine  the 
their  declinations.  Now,  observing  that  place  of  the  sun  on  every  day  in  the 
PE,  or  PQ  =  90°,  it  is  obvious  that  year;  and  the  observation  of  all  these 
whenever  the  North  polar  distance,  as  points  will  give  us  Jso  many  of  his  suc- 
P  S«,  P  Sa,  P  S4,  is  less  than  90°,  the  de-  cessive  positions  in  the  heavens,  and  his 
clination  SaE,S8E,  S4Q=90°  '—  North  path  among  the  stars  must,  therefore^ 
polar  distance ;  and  in  these  cases  the  be  a  line  passing  through  all  these 
points.    This  line  is  found,  when  the 

them  ranged  in  the  rorface  of  a  sphere,  for  the  observations  are  CarefuUv  made  and  re- 
convenience  of  compuutlon,  hy  applying  to  them  jn-tp-pj  ♦«  Ug  ^  oTPat  pirele  of  iht^ 
theprinclplea  of  spherical  geometry.  gisierea,   lO    DC  a    great  CU^e     01    ine 

The  alUtude  of  a  body  Is  easily  ascertained.  The  Sphere,  whlch  mtersectS  the  equator  at  an 

5S!f'!i"«'*V''*{*'  u  "*'^.  *»»  ^^^"•'^V""  *"  "!■***  an?le  of  23©  28'  nearly,  and  is  called  the 

can  be  mechanically  achusted,  so  as  to  move  In  a  p   ..^        .<,|           ±  ^-     ^        nu        i. 

vertical  plane,  and,  consequently,  In  the  plane  of  a  ecitptKr,     All  great  Circles  Ot  tne  Spncre 

vertical  circle.    The  place  of  the  horizon  may  be     _«.«__«.____^ 

ascertained,  though  some  nicety  is  required  in  the 

ascertainment,  into  the  details  of  which  it  is  not  *  The  ecliptic  being  a  great  circle  of  the  sphere^ 

necessary  here  to  enter.   All  instruments  intended  has,  of  course,  two  poles,  which  are  distant  from 

for  observation  have  a  graduated  circular  limb  the  poles  of  the  equator  by  an  arc  of  28°  2ff'» 

attached  to  them,  and  when  the  plane  of  the  hori.  equal  to  the  inclination  of  the  one  circle  to  the 

son  Is  ascertained,  the  points  on  the  limb  which  are  other.    If  Arom  the  pole  of  the  ecliptic  a  secondary 

inthat  plane  may  be  found;  and  the  angle  between  be  drawn  through   any   heavenly   body   to  th* 

the  diameter  Joining  them  and  the  direction  of  the  ecliptic,  the  arc  of  this  circle  between  the  body 

Instrument,  which  obviously  measures  the  altl-  and  the  ecliptic  is  called  the  latitude  of  the  body» 

tude  of  the  body,  observed  by  means  of  the  gra-  and  the  arc  of  the  ecliptic  intercepted  between  the 

duatlon  on  the  limb.    There  are  additional  and  first  point  of  Aries,  and  the  intersection  of  the 

more  delicate  a4JU8tinenta,  which  need  not  be  de-  secondary  with  the  ecliptic,  is  called  the  lonf^itude 

tailed  here.  of  the  body.   The  place  of  a  body  is  of  coorae  aa 

c 
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intersect  and  biseot  each  other;  and  this  notion,  when  it  obtams,  is  probably 
one  of  the  points  where  the  ecliptic  in-  really  owing  to  our  habitual  knowledge 
tersects  the  equator  is  called  the  first  that  she  is  so,  or  to  our  being  able  to 
point  qf  Aries  (the  point  from  wnich  distinguish  different  parts  of  her  surface 
we  have  said  that  the  right  ascension  from  each  other,  by  the  different  degrees 
is  measured) ;  the  other,  t?ie  first  point  of  their  brightness.    If  however  we  ab- 
qf  Libra.    For  reasons  which  will  after-  stract  oiur^ves   from  such  considera- 
wards  be  seen,  the  former  of  these  is  tions,  we  shall  find  ourselves  alike  un- 
also  called  the  vernal  equinox,  the  latter  able  to  estimate  by  the  eye  the  distances 
the  autumnal  equinox.    The  first  point  of  any  of  these  objects,  and  consequently 
of  Libra  is  often  marked  thus,  ^.  unable  to  say  whidi  are  furthest  firom 
-,                     rr    .    .        *  «  us.     All  therefore  that  we  can  con- 
WBCTioN  A.'—Vanatton  of  Sun's  op-  elude,  from  findmg  the  apparent  path  of 
parent  diameter  —  Sun's   orbit   an  the  sun  to  be  a  great  circle  of  the  hea- 
.  Ellinse,  the  earth  being  tn  the  focus  yens,  is,  that  his  motion  is  in  a  plane 
■^Variation  of  angular  velocity^  passing  through  the  earth;  but  what 
Equable  description  of  areas  by  Sun's  the  shape  of  his  circuit  is,  whether  his 
radius  vector.  distance  be  always  the  same,  or  be  va- 
Wb  have  ah^ady  stated,  that  if  any  riabie,  and  whether,  if  it  vary,  it  vary 
plane  pass  through  the  centre  of  the  gradually   and  rejularly,  or   suddenly 
si^re,  its  intersection  with  the  sphere  and  without  any  fixed  rule,  we  as  yet 
is  a  great  circle ;  and  that  the  ecliptic,  are  quite  ignorant    We  know  only  that 
or  sun's  apparent  path,  is  such  a  circle,  we  continually  see  him  more  Eastward 
As  yet  we  know  nothing  of  the  dis-  at  every  successive  observation,    and 
tance  of  the  sun  from  the  earth ;  but  consequently  conclude  that  his  motion 
it  is  dear  that  we  have  no  reason  to  w  always  in  that  direction,  and  not  oo- 
suppose  his  distance  equal  to  that  of  casionally  East,  and  occasionally  West, 
the  stars,  or  always  the  same :  if  we  To  determine  the  form  of  his  orbit, 
have  no  means  of  comparing  his  dis-  we  need  only  know  the  proportions  of 
tance  with  that  of  other  objects,  we  can  his  distances  from  the  earth  at  differ- 
only  ascertain  the  direction  in  which  he  ent  times.    For  this  purpose  the  ao- 
appears.    Thus  the  sun,  the  moon,  the  tual   distances    are  unimportant ;    for 
•tars  all  appear  alike  situated  in  the  con-  instance,  if  his  distance  is  always  the 
cave  surface  of  the  heavens,  although  same,  his  orbit  is  a  circle,  whatever 
we  shall  hereafter  see  that  their  dis-  be  that  distance,  which  is  the  radius 
tanoes  are  almost  immeasurably  diffe-  of  the  circle.     Now  the  apparent  dia- 
rent ;  and  any  one  who  has  seen  a  bright  meter  of  an  object,  or  the  angle  which 
meteor  at  night,  such  as  those  commonly  it  subtends  at  the  eye  of  the  observer, 
spoken  of  as  shooting,  or  falling  stars,  increases  m  the  same  proportion  as  the 
knows  that  they  also  appear  to  the  eye  distance  diminishes,  so  long  as  the  real 
to  be  similarly  distant    Tti^  very  name  diameter  continues  unchanged,  and  the 
indeed  of  shooting  stars  is  evidently  apparent  diameter  is  veiy  small :  •  or  in 
deduced  from  this  circumstance.     In  ^^"^^sa^^,  the  apparent  diameter  varits 
their  case  indeed  we  know  them  really  inversely  as  the  distance.     Now  the 
td  be  meteors  engendered  in  the  atmo-  apparent  diameter  of  the  sun  may  be 
sphere,  and  therefore  know  their  dis-  very  accurately  measured,  and  it  is  found 
tance  to  be  comparatively  small,  or  we  to  be  continually  varying :  his  distance 
may  sometimes  ascertain  it  to  be  so  by  therefore  is  so  also,  for  we  have  no 
comparing  observations  made  at  differ-  reason  whatever  to  suppose  that  his  ac 
«nt  places;  and  in  the  case  of  the  moon,  tual  magnitude  changes;  wid  the  pro- 
we  may  perhaps  imagine  that  she  looks  portions  of  his  apparent  diameters  at 
less  distant  than  the  sun  or  stars :  but  different  times  being  ascertained  by  ob- 
servation,  the  proportions  of  his  cor- 

well  ascertained  by  knowing  iti  longitude  and  la-     ~"~"^  ^ 

titude,  as  by  knowing  its  riglit  ascension  and  decU-  •  [In  strictneis,  the  tangent  of  the  apparent 

nation;  but  the  latter  are  the  beat  adapted  for  radius(i.e.,  of  the  angle  subtended  by  the  raaiaa)^ 

obsenratlont  and  the  former  may  always  be  de-  real  radius  divided  by  the  distance :  and  the  real 

duced  ftom  them.    The  t^rms  longitude  and  lati-  radius  being  always  the  same  in  the  same  body,  the 

tndet  as  applied  to  a  heavenly  body,  are  established }  tangent  of  the  apparent  radius  varies  Inversely  aa 

but  it  is  to  be  regretted  that  they  have  been  chosen,  the  distance.    Wnenever,  therefore,  the  ^parent 

fts  their  sense   in  that  application  differs  widely  radius  is  so  small,  that  thearcand  its  Ungent  may 

flrom  their  meaning  with  respect  to  places  on  the  be  treated  as  equal,  the  apparent  radiaa  varica 

earth,  being,  indeed,  analogous  measiues  in  the  inversely  as  the  distance:  and  so  of  course  does 

two  caaep,  bat  referred  to  different  circles  and  the  apparent  diameter,  which  la  donl^le  the  appa- 

P»a««  rent  radios.] 
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respondiiig  distances  may  be  so  also,  which  shall  be  to  E  « in  the  proportion 
If  then  we  conceive  lines  drawn  from  of  63  to  65,  or  to  E  9%  in  the  proportion 
the  earth  to  everv  point  of  his  orbit,  of  64  to  65,  the  distance  Esz  will  be 
the  observation  of  his  right  ascension  proportionate  to  the  distanbe  of  the  sun 
and  declination  wiU  always  determine  at  the  third  observation.  All  the  dis- 
on  which  of  these  lines  he  is  situ-  tances,  therefore,  E  «i,  £  «8.  £  «k^  will  be 
ated  ;  and  if  we  take  portions  of  proportionate  to  the  distances  of  the 
these  lines  always  in  the  mverse  pro-    sun  at  the  different  observations ;  and 

Sortion  to  each  other  of  his  apparent  the  points  «i,  si,  fs,  will  accurately  repre- 
iameten,  the  curve  joinins;  the  extte-  sent  his  situations  at  those  times.  In 
mities  of  these  portions  wiU  be  similar  the  same  manner  his  situations  at  other 
to  his  orbit  This  perhaps  may  be  ren-  and  intermediate  times  may  be  repre- 
dered  clearer  by  a  figure,  and  an  in-  sented,  and  the  line  joining  all  tnese 
stance.  Thus  let  us  suppose  the  sun  to  points  (the  curve  Si  sa  i^)  wul  represent 
be  observed  on  an^  day,  and  that  his  his  orbit.  It  is  found,  by  careful  ob- 
apparent  diameter  is  311';  again,  and  servation,  that  this  line  is  an  ellipse,  of 
that  his  place  in  the  ecliptic  is  then  7(^  which  the  earth  is  in  the  focus*, 
from  that  of  the  first  oDservation,  and  The  ellipse  is  an  oval  curve,  divided 
his  apparent  diameter  then  of  32' ;  and  a  into  two  equal  and  similar  parts  by  a 
third  time,  and  that  his  place  in  the  eclip-  line  drawn  through  its  foci,  which  is 
tic  is  then  180°  from  that  of  the  first  ob-  called  its  mqjor  axis,  or  transverse  axis, 
serration  (or  exactly  opposite  to  it),  and  If  from  one  of  the  foci  ^lines  be  drawn 
his  apparent  diameter  men  of  32^'.  Take    to  every  point  in  the  curve,  the  greatest 

.a  of  these  Unes  is  that  portion  of  the  major 

Fig.Z*  /'  axis  which  is  drawn  through  the  other 

focus  to  meet  the  curve,  and  the  least  is 
the  other  portion  of  the  major  axis ;  and 
the  lines  continually  diminish  from  the 
greatest  to  the  least,  and  continually  in- 
crease from  the  least  to  the  greatest  It 
follows  therefore,  if  the  sun  moves  in  an 
ellipse  round  the  earth  in  the  focus,  that 
7  his  apparent  diameter  should  continually 
■ny  Ime  E  8i  to  represent  the  direction  increase  from  iU  least  amount,  which  is 
of  the  sun  aft  the  first  observation ;  and  when  the  sun  is  at  his  greatest  distance, 
produce  it,  in  the  opposite  direction,  to  or  in  his  apogee  (from  two  Greek  words 
6« :  then  E  St  wiU  represent  the  direction  signifying  otMqr  from  the  earth)  to 
of  the  sun  at  the  third  observation ;  and  its  greatest  amount,  which  is  when  the 
if  E  St  be  drawn  making  an  angleof  70°  sun  is  at  his  least  distance,  or  in  his 
with  E  Si  it  wiU  represent  the  direction  jferigee  (fix)m  two  Greek  words  signiftr- 
of  the  sun  at  the  second  olwervation.  mg  about  or  near  the  earth) ;  and  as  the 
If  ow  the  apparent  diameter  of  the  sun  two  portions  of  tlie  ellipse  are  equal  and 
at  the  first  observation  is  31^.  at  the  similar,  the  diminution  of  his  distance  in 
■eeond  it  is  32' ;  his  corresponding  dis-  the  one  case  will  correspond  with  the  in- 
tftnces,  therefore,  are  in  the  proportion  of  crease  of  it  in  the  other,  and  at  the  end 
82  to  3H,  or  of  64  to  63.  If,  therefore,  of  a  complete  revolution  he  wiUagain  be 
we  take  in  the  line  E  S,  a  portion  £  «,  at  his  oneinal  distance.  And  so  we  ac- 
of  any  magnitude  we  choose,  and  mea-  tually  find  it  The  least  apparent  dia- 
mire  upon  ESt  a  portion  E*t  which  meter  of  the  sun  is  of  31^  nearly, 
shall  be  to  Eft  m  the  proportion  of  63  and  is  at  present  observed  about  the 
to  64,  the  distances  Esi.  £«t  will  be    30th  of  June;  he  is  therefore  then  in  his 

proportionate  to  the  distances  of  the  sun    '— 

at  those  two  observations.   In  the  same      * '"^••"lir  S '*'V/«ir?;^«SS?*.^ 

.,  .    **        A,         «  AU       MeeUtnu,    It  is  the  carve  made  dt  cuttiDf  a  cont 

manner,  tne  apparent  diameter  oi  tne  ),y  ^  piaoe,  which  pauee  through  U  withoat  inter- 
sun  at  the  thini  observation  being  of  ■ectiof  the  base.  Ita  fundamental  property  la 
^91/   >ii«  ffichuiAP  at  that  nhvArvatinn  i«     ^*»  -  **>«"  »"  *^®  point*  within  It,  called  tta« 

ai|',  nis  Qiscanoe  at  tnai  ooservaiion  is   ^^^  ^^^^  ^^^  ^^  ,„„  ^f  tj^e  disuncet  of  any 

to  his  distance  at  the  first  observation     point  in  the  carre  from   the  two  foci  U  alwavi 

in  the  proportion  of  31*  to  32*,  or  of   *V""f"  ♦T5*^f/,T'i5'^?*"^K?/«Ji??J: 

j»«  A     ^r     ^  A  'A.  '    M.    !_•     J'  L  A  xu^     of  drawing  the  curve.    If  a  thread  be  fixed  at  tht 

63  to  65,  ana  it  is  to  niS  distance  at  tne  ^^  foci,  and  a  pencU  carried  round  within  the 
second  olMervation  in  the  proportion  of    thread,  to  aa  always  to  keep  It  stretched,  the  pencU 

38  torn,  or  of64  to  65.    Ifjberefore,    rt£:S*lri"w:;*i%VsX^*^^^^^^ 

we  take  m  the  line  B  Si^  a  poition  E  #ap   «im  two  ^iitwcci  from  tbc  fad. 

C  2  . 
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apogee:  his  apparent  diameter  then  distances  themselves,  may  be  consi- 
continually  increases  until  (about  the  dered  for  very  short  periods  of  time  as 
30th  of  December)  he  arrives  at  his  constant,  for  the  changes  of  distance  in 
perigee,  when  his  apparent  diameter  is  of  such  periods  are  so  smiJl  that  they  may 
32f  35''  nearly :  and  then  again  it  con-  be  neglected.  The  whole  variation  of 
tinually  diminishes  until  (aTOut  the  30th  distance  is  only  about  a  thirtieth  part  of 
of  June)  it  is  again  of  31^^,  from  which  the  least  distance ;  the  greatest  di^rence 
value  it  again  begins  to  increase.  The  between  the  angular  velocities  only  about 
variations  of  the  apparent  diameter  a  fifteenth  part  of  the  least  angular  velo- 
being  so  small,  those  of  the  distance  are  city ;  and  these  differences  are  the  accu- 
se also,  or  the  ellipse  di£Pers  but  little  mulated  differences  of  months :  for  an 
from  a  circle.  hour  therefore,  or  a  day,  there  will  be 

Having  thus  ascertained  that  the  sun  no  perceptible    difference,    and   none 

appears  to  move  in  an  ellipse  round  the  which  can  at  all  affect  the  results  which 

earth,  we  next  inquire  what  is  the  rule  we  shall  d^uce  from  the  supposition 

of  bis  motion,  whether  it  be  r^ular  or  that,  during  such  a  period,  mey   are 

irregular,  uniform  or  variable.  We  have  uniform. 

already  seen  that  we  can,  by  ascertain-  In  Jig,  3,  let  ^  be  the  place  of  the 

ing  the  right  ascension  and  declination  sun  in  its  orbit,  when  one  of  these  very 

of  a  l)ody,  determine  its  place  in  the  short  periods  has  elapsed  since  it  was 

heavens,  or  th^  direction  in  which  it  is  at  fi.    If  we  conceive  a  straight  line 

'  seen  from  the  earth :   we  may  there-  drawn  from  the  earth  to  the  sun,  and 

fore  ascertain  at  each  particular  instaht  moving  round  the  earth  with  the  sun,  as 

the  point  of  the  ecliptic  in  which  the  sun  for  instance,  if  tiiey  were  joined  by  a 

is,  and,  consequently,  the  arc  through  wire,  which  we  must  suppose  to  be 

which  he  has  moved  in  each  particular  lengthened  and  shortened  as  the  sun 

interval,  or  the  andes  which  the  di-  recedes  from  and  approaches  the  earth, 

rections  in  which  he   is   successively  so  as  always  to  extend  from  the  centre 

seen  make  with  each  other.    We  have  of  the  one  to  the  centre  of  the  other,  and 

thus  the  means  of  ascertaining  his  an-  no  farther,  this  line  will  originally  have 

Kular  velocity,  as  referred  to  the  earth,  coincided  with  E«i,  and  its  position,  when 

P^ow  this  angular  velocity  is  found  to  the  sun  is  at  t,  will  be  £  /.    While  the 

be  variable,  imd  it  is  also  found  to  be  sun  has  moved  from  #i  to  ti,  therefore, 

greatest  when  the  apparent  diameter  is  or  described  the  arc  f  i  ti  this  line  or 

greatest  or  the  distance  least,  and  least  wire  will  have  described  the  snaall  area 

when  the  apparent  diameter  is  least  or  E  si  i.     This  line  is  called  the  radius 

the  distance  greatest ;  and  generally,  the  vector,  and  it  is  of  great  importance  to 

greater  the  distance  the  less  we  find  the  ascertain  the  areas  which  it  describes, 

angular  velocity.    Its  inequalities  how-  and  these  we  shall  find  to  be  always  equal 

ever  are  greater  than  those  of  the  ap-  in  equal  portions  of  time, 

parent  diameter  or  distance.    We  have  [This  area  may  be  considered  as  a 

already  seen  that  the  least  apparent  dia-  triangle,  for  the  arc  si  i,  being  very 

meter  is  to  the  greatest  nearly  in  the  small,  differs  insensibly  from  the  straight 

{proportion  of  30  to  31 ;  but  the  propor-  line  joining  the  points  Sit;  and  the  area 

tion  of  the  least  angular  velocity  to  the  of  a  trian^e  is  equal  to  half  the  product 

greatest  is  nearly  that  of  30  to  32,  and  of  its  base,  and  the  perpendicular  from 

hardly  so  great  On  accurate  comparison  its  vertex.    Again,  the  angle  <  E  «i  being 

of  the  different  angular  vdocities  with  very  small,  the  perpendicular  from  the 

the  distances,  it  is  found  that  they  vary  vertex  t  is  indistinguishable  from  a  small 

inversely  as  the  sqtiares  of  the  distances,  circular  arc,  whose  centre  is  £,  and 

that  is,  that  they  diminish  in  the  same  radius  E  <,  or  £  #i ;  and  these  also  may 

proportion  as  the  squares  of  the  dis-  be  considered  as  equal.   The  magnitude 

tances  increase,  and  increase  in  the  same  of  such  an  arc  varies  as  the  product  of 

proportion  as  the  squares  of  the  distances  the  angle  t  £  «i,  and  the  radius  £  /,  or 

diminish.    For  instance,  if  the  distance  £  Si,    The  area  tEsi  therefore  (which 

is  doubled,  the  angular  velocity js  re-  is  equal  to  half  the  product  of  its  base 

duced  to  a  quarter  of  its  former  amount;  and  the  perpendicular  from  its  vertex) 

if  the  distance  is  diminished  by  a  third,  varies  as  the  distance  £  Si  multiplied  by 

the  angular  velocity  is  increased  in  the  the  product  of  the  angle /£«t  and  the 

proportion  of  1  to  the  square  of  two-  radius  £  Si  (for  its  base  is  the  distance 

thixxls,  or  of  9  to  4.  £  «i,  and  the  perpendicular  we  have  al- 

These  velocities  however,  and  the  ready  seen  to  vary  as  the  product  of  the 
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two  latter  quantities) ;  or  it  varies  as  the  we  obsenre,  especially  the  diffbrenee  of 

square  of  the  distance  £fi,  multiplied  the  seasons  in  me  same  country,  the  dif- 

into  the  angle  t  £  «i.    If,  however,  the  ferent  lengths  of  the  day  (as  distin- 

area£«i^be  supposed  to  be  that  de*  guished   from  the  night)  at  different 

scribed  in  some  ^ven  portion  of  time,  as  periods  of  the  year,  and  the  different 

an  hour  or  a  minute,  and  the  angular  climates  of  different  countries ;  and  also 

velocit}^  be  uniform  during  the  time  of  the  equation  of  time,  or  the  manner  and 

describiiu;  it,  the  angle  <£  Si,  varies  as  degree  in  which  the  real  differs  &om  the 

the  anjnuar  velocity;  for  it  will  increase  mean  solar  time. 


scribed  in  such  a  period  of  time,  varies  Dedtnahonscanttni^  above  the  hon- 

as  the  square  of  the  distance  £  *i,  mul-  zwi--^Vanation  and  h^th  of  Da^ 

tiplied  by  the  angular  velocity.    But  we  ^  ^  '^^  place-T^cs^qut^ 

have  seen    that  the   angulir  velocity  ^'^  —  ^^^^^^  produced   by   the 

varies  inversely  as  the  square  of  the  ^^^' 

distance:    the  area  <£«i  therefore  is  Wb  have  already  seen  that  the  appa- 

pot  affected  by  the  distance  at  all,  or  it  rent  diurnal  motions  of  the  heavenly 

is  constant ;  for  in  whatever  proportion  bodies  are  performed  in  circles,  every 

it  is  increased  by  reason  of  the  increase  point  of  which  is  equidistant  from  the 

of  the  distance  £  su  in  the  same  proper-  pole :  of  these  circles  the  equator  is  one, 

tion  it  is  diminisheid  by  the  diminution  and  is  a  great  circle  of  the  sphere ;  the 

of  the  angle  t  £  Si,}  others  are  all  small  circles  parallel  to 

If  however  the  areas  described  by  the  equator.  The  horizon,  bemg  a  great 
the  radius  vector  in  small  equal  portions  circle  as  well  as  the  equator,  bisects 
of  time  be  equal  in  every  part  of  the  that  circle.  It  will  immediately  appear, 
orbit,  the  whole  areas  described  by  the  also,  from  inspection  of  any  of  the 
radius  vector  in  equal  portions  of  time  figures,  as  Jig,  1,  or  Jig.  2,  that  of  the 
of  any  magnitude  will  also  be  equal ;  parallel  circles  a  lai^er  portion  is  con- 
fer they  wDl  be  the  sums  of  equal  num-  tinually  above  the  horizon,' and  a  smaUer 
bers  of  these  small  equal  portions :  and  continually  below,  as  they  approach 
generally,  the  areas  descrioed  bythera-  nearer  that  pole  which  is  above  the  ho- 
aiue  vector  in  any  times  whatever  toUl  rizon.  Thus,  in  fig.  \,  Vq  being  less 
be  proportional  to  those  times.  This  than  P  Q,  ^  g  r  is  alarger  portion  of  the 
therefore  is  ascertained  to  be  a  law  of  circle  tqrb  than  TQKisof  TQRB: 
the  motion  of  the  sun  rotmd  the  earth,  and  the  portions  continually  go  on  in- 
and  it  is  one  which  we  shall  hereafter  creasing,  until,  finally,  the  whole  circle 
find  of  the  very  greatest  importance.  is  above  the  horizon,  as  in  the  case  of 

We  have  now  ascertained  these  eaia%a^q\xi  fig. 2,  or  of  X V Y U  in 
hxXs  with  respect  to  the  sun :  that  its  an-  fig.  1,  when  the  distance,  P  g  or  P  U,  of 
nual  motion  roimd  the  earth  takes  place  the  body  from  the  pole  is  less  than  the 
in  an  ellipse,  of  which  tiie  earth  is  in  elevation  of  the  pole  above  the  horizon, 
one  of  the  foci ;  that  the  plane  in  which  In  the  same  manner^  if  a  body  move  in 
he  moves  is  inclined  at  an  angle  of  a  circle  distant  from  the  other  pole,  jp, 
23^28'  to  the  plane  of  the  equator ;  and  less  than  its  depression  below  the  hon- 
that  his  radius  vector  describes  areas  zon,  or  than  Hp,  it  will  never  appear 
proportional  to  the  time.  These  are  the  above  the  horizon  at  all.  We  have  also 
principal  phenomena  of  his  motions:  seen  that  the  diurnal  motions  of  the 
they  require  however  some  qualifi-  heavenly  bodies  are  equable;  that  is, 
cations,  which  we  shall  hereafter  men-  that  the  times  of  passing  through  every 
tion  ;  and  we  shall  also  see  that  we  may  successive  portion  of  their  circles  of  mo- 
explain  his  apparent  motions  on  the  sup-  tion  l)ear  the  same  proportion  to  the 
position  that  he  is  at  rest,  and  the  earth  whole  time  of  rotation,  that  the  portion 
moves  round  him,  just  as  we  have  said  described  bears  to  the  whole  chcle ;  and 
that  we  shall  be  able  to  explain  the  ap-  that  the  times  of  rotation  in  eveiy  circle 
parent  diurnal  motions  of  the  stars,  by  are  the  same.  The  larger,  therefore,  the 
supposing  them  at  rest,  and  Ihe  eaxm  portion  of  each  circle  of  rotation  which 
spinning  on  an  axis.  is  above  the  horizon,  or  the  nearer  that 
We  mav  however  at  once  proceed  circle  approaches  to  the  pole  which  is 
to  explain  how  these  facts  produce  some  above  tne  horizon,  the  longer  the  body 
of  the  most  important  phenomena  which  is  above  it    If  then  the  North  Pole  be 
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above  the  horbon,  m  it  b  here,  those  the  horizon*,  and  aay  that,  where  the 
bodies  which  have  the  least  South,  or  North  Pole  is  above  the  (horizon,  he  is 
the  greatest  North  declination,  are  longest  longer  above  the  horizon  as  he  comet 
above  the  horizon :  and  in  like  manner,  farther  North,  and  lest  to  at  he  retomt 
where  the  South  Pole  is  above  the  hori-  Southward ;  or  generally,  as  his  being 
zon,  the  most  Southerly  bodies  are  longest  above  or  below  the  honzon  constitutes 
visible.  The  equator  is  in  all  cases  the  (itistinction  between  day  and  night, 
bisected  by  the  horizon ;  in  every  place  that  the  days  are  longer  as  he  is  more  to 
therefore  a  body  in  the  equator  is  for  the  North,  and  shorter  as  he  is  more  to 
an  equal  length  of  time  above  and  below  the  South.  Where  the  SouthPole  it  abov^ 
the  horizon ;  and  it  is  from  this  property  the  horizon,  the  days  are  of  course  longer 
that  the  circle  itself  derives  its  name.  when  he  is  more  to  the  South,  and  shorter 
These  positions,  which  are  deduced  as  he  moves  Northward,  Whatever  con* 
from  the  supposition  that  the  diurnal  elusions,  indeed,  are  true  with  respect  to 
motions  take  place  in  parallel  circles,  the  parts  of  the  earth  where  the  North 
and  uniformly,  are  not  strictly  and  ac-  Pole  is  al^ve  the  horizon,  or  of  which  the 
curately  true  for  the  sun,  whose  place  latitude  is  North,  are  true  also  Ibr  those 
on  eacn  succeeding  day  is  either  North  where  the  South  Pole  is  so,  or  of  which 
or  South  of  that  of  the  day  before,  and  the  latitude  is  South,  if  we  change  the 
whose  diurnal  motion,  being  compounded  positions  of  the  words,  and  attribute  the 
of  the  diurnal  rotation  of  the  whole  hea-  same  results  to  South  declination,  &e.» 
vens  and  his  own  motion  in  his  orbit,  which,  in  the  other  case,  we  ascribe  to 
cannot  be  strictly  uniform,  because  his  North ;  and  we  shall  not  in  future  ex- 
motion  in  his  orbit  is  not  so.  Neither  of  press  both,  but  suppose  the  North  Pole 
these  inequalities  however  need  here  be  above  the  horizon,  and  deduce  our  re- 
taken into  consideration,  so  small  is  the  suits  on  that  supposition.  The  reader 
proportion  which  they  bear  to  the  gene-  will  find  no  difficulty  in  transferring  them 
ral  diurnal  motion  which  they  affect,  to  the  other  case. 
The  heavens  complete  their  rotation,  or  We  have  then  the  sun  moving  in  an 
move  through  360^,  in  a  day.  In  that  orbit,  of  which  the  most  Southern  point 
time  the  sun's  motion  Nortnwards  or  is  23^  28'  South  of  the  equator,  and  the 
Southwards,  or  his  motion  in  decU-  most  Northern  23^28' North  of  it.  Taking 
nation,  is  never  so  much  as  24\  and  his  motion  from  the  first  of  these  points, 
seldom  near  it:  a  quantity  so  small  where  he  is  about  the  21st  of  December, 
that  we  cannot  err  in  considering,  for  he  continually  ti'avels  Northward  till 

Purposes  of  general  explanation,  the  about  the  20th  of  March,  when  he  is 

iumal  motion  of  the  sun  to  take  place  in  the  equator,  and  still  Northward  till 

in  a  circle  parallel  to  the  equator,  and  about  the  21st  of  June,  when  he  attains 

distant  firom  it  by  the  sun*s  distance  his  greatest  Northern  declination;  he 

from  it  when  he  is  on  tiie  meridian.  The  then  returns  towards  the  South,  passes 

other  inequality  arising  from  the  inequa-  the  equator  again  about  the  22nd  of 

lity  of  the  sun's  motion  is  still  less  per-  September,  and  returns  to  his  greatest 

oeptible:  the  whole  motion  of  the  sun  in  South  declination  about  the   21st  of 

his  orbit  is  less  than  I*'  in  a  day  on  an  Uie  following  December,  when  he  again 

average,  and  very  little  more  when  great-  returns   Northward.     His   successive 

est ;  the  whole  difference  between  the  places,  ftom  December  tlie  2lst  to  June 

greatest  and  least  motions  is  only  about  the  21st,' being  continually  more  and 

a  fifteenth  part  of  this,  or  about  4',  a  more  Northward,  his  time  of  continuing; 

quantity  which,  for  all  purposes  of  ex-  above  the  horizon,  or  the  day,  conti- 

planation,  though  not  of  computation, 

"tX  Ic^^l'y  ^  "*?lf '*^  ?  comparison  JJJV^.a'lTi.'t^S.'li'^JSSI^tiJS:;:' 

With  360  .     Even  this,   which  occasions  win  have  the  part  of  that  circle  which  is  above  the 

some  difference  of  length  in  days  taken  horl«on  bisected,  like  «ny  other  heavenly  bodv,  by 

of  *>A»:»^.  4.u.,«  ^:,.««»fr./««v,  ««^k  r^^u^^  the  meridion  j  or  he  viUbe  an  equal  tiae  abo?e 

at  periods  thus  distant  from  each  other,  ^^  horiwn  on  each  aide  of  the  meridian.  He  wUl, 

IS  the  accumulated  difference  of  half  a  therefore,  be  on  the  meridian  at  mid.daTi  and 

year;  the  difference  in  a  sinrie  day  wiU  t^^TJl^:,^,  TLST^'^^ 

be    quite    imperceptible,    and    the    mo-  mid-dny.    The  primary  appUcaUon  of  the  word 

tion  durinir  one  dav  mav  therefore  be  therefore  wa«  to  the  meridian  of  the  place,  the 

-___;  j.,-^  j*'-^  ^«wr«,^*i  .        •!•              rrn^,^^  line  on  which  the  sun  appears  at  nooni  the  gene- 

considered  as  perfectiy  uniform.    Thus  ^^  application  to  all  grSu  circles  paasinff  though 

we  may   with  safety   apply  to  the   sun  the  two  poles  is  only  secondary,  and  deiiTed  from 

our  conclusions  with  respect   to   the  *^*  *'^'J"?**"'*'«i!L*i!£*'*£l  ^iT^L'Sf: 

1^     lu    r  *•       t        u-  1.  ^  if  J    It-  respond  at  wom%  ume  with  Um  mcridlaii  pf  the 

length  of  time  for  which  a  body  is  above  place. 
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BQftUy  lengthens';  and  in  the  same  man-    or  that  half  of  }ua  orbit  in  the  eom^  of 
ner  it  contmuidly  shortens  from  that  time    which  he  is  in  apogee^  than  that  half 
till  the  21  St  of  December.    The  longest    during  which  he  is  in  perigee :  and  as  he 
day  is  the  21st  of  June,  the  summer  sol-  is  in  apogee  between  the  vernal  and  au- 
stice,  or  the  day  on  which  he  has  his  tumnai  equinox,  and  in  perigee  between 
greatest  Northern  declination ;  the  short-  the  autumnal  and  the  vernal,  the  former 
est,  the  21st  of  December,  the  winter  interval  must  be  longer  than  the  latter, 
solstice,  or  the  day  on  which  he  has  the  or  the  sununer  in  these  parts  of  the  world 
greatest  Southern  declination ;  and  the  longer  than  the  winter.    In  foct,  the  dif- 
dreles  which  on  those  days  he  describes  ference  at  present  is  of  7  days,  16  hours^ 
are  called  the  tropics^  from  a  Greek  and  50  minutes, 
word  signifying  to  turn,   because,  al-  Having  thus  seen  how  the  motion  of 
though  still  proceeding  in  the  same  direo-  the  sun  produces  the  various  lengths  of 
tion  m  his  orbit,  he  has  reached  the  ex-  the  day»  it  is  easy  to  perceive  how  it  also 
treme  North  or  South  point  of  it,  and,  produces  the  different  seasons  of  theyear. 
therefore,  as  it  were,  turns  back,  and  Light  and  heat  being  essential  to  aU  the 
travels  in  an  opposite  direction  (as  to  great  operations  of  nature,  and  the  sun 
North  and  South)  to  his  former  course,  being  the  great  source  of  light  and  heat, 
At  the  two  periods  when  the  sim  is  in  the  his  position  and  the  length  of  time  he  is 
equator,  or  when  he  is  at  the  first  point  of  above  the  horizon  must  be  the  great 
iuies,  and  the  first  point  of  Libra,  the  causes  of  the  variations  of  season.    The 
parts  of  his  daily  course  above  and  below  variation  of  his  distance  would  of  course 
the  horizon  are  equal,  or  the  day  and  tend  to  make  his  influence  greatest  when 
night  are  equal ;    these  therefore  are  he  is  nearest,  and  this  wotud  seem  con- 
called  equinoxes,  and  taking  place  in  trary  to  observation,  as  he  is  nearest 
spring  and  autumn,  they  are  called  the  in  the  winter.    In  fact  however  other 
vernal  and  the  autumnal  equinox,  and  circumstances  are  much  more  powerful 
the  equator  itself  is  sometimes  called  the  in  increasing  and  modifying  his  effbct 
equinoctial  on  the  same  account.    The  than  this,  which  could  not  in  its  extreme 
rate  of  the  sun*s   motion  Northward  variations  produce  a  difference  of  more 
or  Southward   is   most  rapid   at  the  than  about  one-fifteenth*.    The  main 
time  that  his  orbit  intersects  the  equa-  causes  of  the  different  warmth  of  the 
tor,    and   is    hardly   perceptible   just  seasons  are  to  be  found  in  the  different 
when   he  is    at  his  greatest  distance  lengths  of  the  time  during  which  he  !• 
from  that  chtde*:  the  variation  of  the  above  the  horizon,  and  the  different  de- 
length  of  the  day  is  thef«fore  most  rapid  vation  he  attains  above  it.  The  difference 
about  the  equinoxes,  and  least  so  about  of  the  length  of  the  day  evidentl]^  tends 
the  solstices.  The  rate  of  variation  is  also  to  increase  the  temperature  by  givm^  the 
affected  by  the  rate  of  his  motion  in  his  sun  a  longer  time  to  act ;  and  as  witti  us 
orbit ;  for  as  his  motion  in  declination  is  the  longest  day  is  more  than  twice  the 
produced  by  that,  the  greater  his  motion  length  of  the  snoriest,  this  cause  by  it- 
m  his  orbit  IS,  the  greater,  aU  other  things  self  is  far  more  than  enough  to  coun- 
continuing  the  same,  is  lus  motion  in  de-  terbalance  the  effect  of  the  increased 
clination.    But  his  motion  in  his  orbit  is  distance  of  the  sun.    The  other  cause, 
greatest  when  he  is  in  and  near  his  pe-  the  difference  of  elevation,  requires  a- 
rigee,  and  least  when  in  his  apogee ;  and  little  more  explanation.     In  ttie  first 
as  he  is  in  his  apogee  nearly  at  the  place,  the  greater  the  elevation  of  the 
summer  solstice,    and  in  his  peri^  sun,  the  more  directly  do  his  rays  strike 
nearly  in  the  winter  solstice,  his  motion  upon  the  earth,  and  the  greater  proper* 
is  slower  in  summer  than  in  winter,  tion  of  them  does  a  given  siuiace  re- 
and  the  days  vary  still  more  slowly  in  ceive.    Thus,  in  fig,  4  let  the  parallel 
length  at  the  summer  than  at  the  winter  Fig,  4. 

solstice.    For  the  same  reason,  as  tlie J^ 

two  portions  of  the  ellipse  from  perigee 
to  apogee,  and  from  apogee  to  perigee 
are  equal  and  similar,  the  sun  will 
take  longer  in  describing  those  180°, 


•  AU  other  things  continuing  the  same,  the  in- 
*  We  have  already  stated  this  as  a  fact  ascer-  tensity  of  light  and  heat  diminishes  in  the  same 
taioed  by  observation :  it  will  be  hereafter  (in  the  proportion  that  the  square  of  the  distance  f^om 
section  on  the  equation  of  time)  shewn  to  be  a  ne-  their  source  increases.  In  the  case  of  the  sun 
cessary  consequence  of  ib^  Inplioation  of  the  and  earth,  U>«  eztrtme  difference  is  about  one- 
ecliptic  to  the  equator,  fifteenth. 
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^nd  equidisitant  lines  represent  rays  of  diminish,  the  whole   stock  increases: 

light  proceedmg  from  the  sun,  and  A  B  just  as  if  you  pour  water  rapidly  into  a 

an  object  of  any  given  magnitude  ex-  vessel  with  a  hole  at  the  bottom,  the 

posed  to  them  m  a  direction  perpen-  water  will  rise  in  the  vessel  as  long  as 

dicular  to  them,  so  as  to  intercept  them  you  pour  it  in  more  rapidly  than  it  runs 

Wow,  if  AB  be  gradually  turned  out,  although  you  may  supply  it  less 

round  the  pomt  A,  so  as  to  form  an  copiously  after  a  time  than  you  did  at 

on^e  contmuaUy  more  and  more  acute  first ;  or,  as  the  mensury  in  a  thermo- 

Tt?  Air*^r*!®^^^*^®'*ys»"**A^»  meter  brought  from  a  frosty  air,  and 
AD,  AE,  AF,  or  contmually  more  ob-  placed  near  a  fire,  will  continue  to  rise 
fuse  Bs  at  Ac,  Ad,Ae,  A/,  it  is  evi-  m  the  room  after  it  is  removed  from  the 
dent,  from  mspection  of  the  figure,  that  fire,  if  it  has  not  been  kept  there  so  long 
It  wiU  m  each  successive  position  re-  as  to  render  its  temperature  equal  to 
cave  fewer  ofthem;andthis  will  be  the  that  of  the  atmosphere  of  the  room, 
case  however  close  the  rays  be  to  each  The  same  reason  also  explains  the 
other,  if  they  are  uniformly  so;  for,  greater  heat  of  July  and  August  than  of 
however  we  may  multiply  the  number  of  June.  As  long  as  the  surface  of  the 
rays  which  pass  between  A  F  and  A  G,  or  earth  and  the  atmosphere  in  the  course 
which  fall  on  the  object  in  the  position  of  twenty-four  hours  receive  more  heat 
A  F,  the  number  which  it  ceases  to  re-  than  they  part  with,  the  general  heat 
ceive  by  passing  from  the  position  A B  of  the  weather  increases;  and  this  is 
to  A  F,  or  the  number  of  those  above  F  the  case  long  after  the  summer  solstice, 
m  the  figure,  is  increased  in  the  same  though  the  actual  quantity  of  heat 
proportion.  Besides  this,  we  know  that  then  received  is  greatest.  The  heat 
both  light  and  heat  are  absorbed  in  pass-  of  particular  days  is  principally  in- 
ing  through  the  atmosphere ;  and  as  the  fluenced  by  other  local  and  accidental 
height  of  the  atmosphere  above  the  sur-  causes ;  but  the  general  difference  of  the 
face  of  the  earth  is  the  same,  or  nearly  seasons  depends  on  these  principles,  and 
so,  in  all  places,  the  course  of  a  ray  on  the  different  degrees  of  moisture  and 
through  the  atmosphere  is  shortest  when  cloud  in  the  air,  and  the  different  quan- 
it  faUs  most  ciirectly  upon  it,  and  longer  tity  of  evaporation  and  radiation  which 
as  its  deviation  from  the  perpendicular  consequently  takes  place  at  different 
increases*.  On  this  account  also,  the  times.  Any  theory  of  the  seasons  rest- 
greater  the  elevation  of  the  sun,  the  ing  merely  on  the  sun's  position,  with- 
greater  is  the  light  and  heat  which  he  out  reference  to  these  other  causes, 
affords :  md  we  accordingly  observe,  would  be  imperfect  and  fallacious ;  but, 
that  the  mid-day  sun  does  actually  give  as  far  as  the  sun's  position  affects  them, 
more  light  and  heat  than  that  of  the  they  are  thus  to  be  explained, 
morning  or  afternoon,  and  the  summer 

''''?t^''^n«l«flj!"*'''-  ♦   *K    W.I,  SECTION  6.  -  Differences  as  to  the 

^«l  fAo«i!^n%^^**^'*^'***S^H!*'  ^i^  of  Day  ind  the  Seasons  at 

f  rLi-t&^f  V^^''  ""T'  iS-f  ^^"^  diferentplaJs-Days  at  the  Equu 

^if^t^f^Jtlh  ^""^  *??'  ^'^'V":  «^^«  evirywhere^the  same  le^th 

Wh*  fhp   nw^'  ^  not  inconsistent  ^Longest  Days  greater,  and  sholiest 

?^Vu\rnf?i?i?*^^   *'*''?   "*^**^  Days  hss,  as  thelatitude  increases^ 

^^,a!«X  Ko^  ^rj'ff*^  ?k!S-""  V  latitude  above  66°  32',  there  are 

Ihn^^^ZhJ^t!^  ""^  diffen^nt  bodies;  ^^        -^  ^^  twenty-four  hours 

h^^^^^.^^^'f^''^  "^'^  ^^^"^  durtngZhich  the  Sun  never  seU, 

i^nl  1.     •             w    ^^"^^  "^  T'  othert  during  which  he  never  rises ; 

Inn  li^^K^^'^'lif \'  ^^^  ^'  ^"^  ^w"^  ^  i^e  are  longer  as  the  latitude  is 

aun  IS  above  the  horizon,  and  furnishing  greater^-At  the  latitude  90°,  there  is 

^.  ''"P?  l!'  ""^  ^^'v*'  ^w^i*"^  1"^  K  ■  W  one  Day,  and  oneNight-At  the 

crease  if  he  supphes  it  faster  than  by  ^?;^  qoJ^  j^      and  Nights  are 

^l^^H"^  P''^^*^^  /  .^^^'l^^fi:  It  IS  ^  equal-LengifTof  Day  increased 

^I^^«^r\'  ^^'^^l^t^l diminish  as  soon  ^    ^"^  £»„„.,  f^itude/and  by  re- 

^n^n^nn^'T  ^^''  ^^^ ' J  ^^^l?"*'"^  /ocHon^dimifUshed  by  paralfax-- 

oS^t  Zn  h/'''  *"  considerable  period  -^^^^^^  ^^^^  ^un  on  climate  at  dif- 

sequently,  although  the  actual  supplies  We  have  thus  far  spoken  of  the  dif- 

•  See  this  more  fully  explained  la  a  note  ia  Um  ^«^«"ce  of  days  and  seasons  at  a  par- 

leetiofi  on  Befractiou.  ticular  placc ;  we  have  still  to  shew  hgw 
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different  places  are  affected,  to  explain  elevation  of  the  sun  when  on  the  me- 

the  diversity  of  cUmates,  and  the  excep-  ridian  is  the  same  at  each.    We  have 

tions  which  particular  parts  of  the  earth  already  seen,  that  at  every  place  half 

(the  circumpolar  and  intertropical  re-  the  equator  is  always  above,  and  half 

gions)  offer  to  the  general  account  which  below  the  horizon;    the   equator  and 

we  have  given.  horizon  being  both  of  them  great  circles. 

For  this  purpose,  let  us  suppose  seve-  Now  as  half  the  equator  is  above  the 

nl  places,  at  each  of  which  the  sun,  or  horizon  at  each  place,  and  the  point  of 

any  other  heavenly  body,  or  any  point  the  equator   on  the  meridian    is  the 

of  the  heavens,  comes  upon  the  meridian  middle  point  of  that  half,  and  that  point, 

at  the  same  time,  or  where  the  meridian  on  the  supposition  we  have  made,  is 

of  the  place  is  the  same  great  ci^e  of  the  same  at  each  place,  the  points  of 

the  heavens.    This  supposition  is  only  the  eauator  which  are  upon  the  horizon 

made  for  the  sake  of  simplifying  a  ne-  must  oe  the  same  at  each  place  ^  or,  in 

cessarily  complicated  figure ;  for  every  other  words,  the  horizons  of  different 

conclusion  wbdch  is  true  for  a  place  places  under  the  same  meridian  always 

having  this  meridian,  will  be  e(}ually  mtersect  the  equator  at  the  same  points. 

so  for  a  place  having  any  other,  if  the  If^  ther^ore,  in^.  5,  we  take  the  circle 


ER Q  T  to  represent  the  equator,  and 
Hi  R  Nl  T  to  represent  the  horizon  of  a 
particular  place,  R  and  T,  beinj^  the 
]>oints  where  the  equator  and  this  ho- 
rizon intersect  each  other,  will  also  be 
the  points  where  the  equator  and  the 
horizon  of  any  other  place  which  has 
the  same  meridian  intersect  each  other ; 
and  consequently,'  if  through  the  points 
RandT,  we  draw  other  great  circles 
H,  R  N.T,  H,R  N  ,T,  these  wUl  re- 
present the  horizons  of  other  places 
under  the  same  meridian.  If  P  be  the 
pole,  the  elevation  of  the  pole  at  these 
different  situations  will  be  PNi ,  P  N„ 
PN,.  Now,  let  eq^efq'  be  two  small 
circles  parallel  to  the  equator  E  Q,  the 
one  North  of  it,  the  other  South  of  it ; 
Ihey  therefore  are  circles  of  diurnal 
rotation:  and  let  the  points  where  they 


respectively  cut  the^'different  horizons, 
berj,  *„  r,,  /„  r/,  /j',  r,',  /,';  and  we 
shall  immediately  see,  by  inspection  of 
the  figure,  how  the  elevation  of  the  pole, 
or  the  latitude  of  the  place,  affects  the 
time  during  which  any  heavenly  body  is 
above  the  horizon,  and  consequently 
the  length  of  the  day  at  different  periods 
of  the  year. 

The  equator  is  bisected  by  all  the 
horizons ;  and  of  course  a  body  moving 
in  it  is  everywhere  half  its  time  above, 
and  half  below  the  horizon ;  when  the 
sun  therefore  is  in  the  equator,  day  and 
night  are  everywhere  eqiial,  so  that 
those  periods  are  called  the  equinoxes, 
not  from  any  accidental  equality  affect- 
ing a  particular  place  of  observation 
onW,  but  from  an  universal  fact. 

Let  us  next  take  the  case  of  a  circle 


««                                        ASTRONOMY.  (X  J «. 

of  irof  alion  North  of  the  equator,  as  e  q,  Edinburgh,  where  the  devation  is  of  55^ 

and  let  us  conceive  a  great  circle  de-  57',  the  longest  day  is  of  17^  25"*;  the 

scribed  through  the  points  R  and  T,  and  shortest  of  6*"  53"',  and  the  difference  of 

passing  also  through  the  poles  P  and  ]p.  10^  32™. 

By  a  known  property  of  tne  sphere,  this  We  have,  in  our  figure,  a  third  hori- 
secondaiy  to  the  equator  £  Q  bisects  it,  zon,  Ha  N^,  of  which  we  have  yet  made 
and  every  circle  parallel  to  it.  If,  there-  no  use,  but  which  will  furnish  us  with 
fore,  u  and  v  be  the  {)oints  where  it  cuts  some  very  important  observations.  It 
the  circle  eq,  uevis  half  that  circle.'  will  be  seen  from  the  figure,  that  neither 
Now  the  part  of  the  circle  eq  which  is  the  circle  eg,  nor  the  circle  e' j',  ever 
above  the  horizon  H  Nj,  is  ^i^n,  which  meet  this  horizon  at  all;  the  circle  eg 
is  evidently  greater  than  uev^or  more  being  entirely  above  it,  the  circle  eff 
than  half  the  circle  of  rotation  eq  ia  entirely  below  it.  A^  body  moving 
above  the  horizon ;  and  the  part  of  the  in  the  former  circle  is  then  always 
circle  eq  which  is  above  the  horizon  above,  in  the  latter  always  below,  this 
H,  N,  is  t^er^t  which  is  evidently  horizon.  The  elevation  of  the  pole 
greater  not  only  than  uev,  but  also  than  P  is  greater  above  the  hoiizon  HsNs, 
tiCr^,  But  the  elevation  of  the  pole  than  above  either  Hi  Ni  or|Ht  Nt :  as  this 
above  the  horizon  Hi  Ni,  is  P  Ni  its  elevation  increases  therefore,  some  cir- 
elevation  above  the  horizon^HsNfl  is  PNt;  cles  of  rotation  become  entirely  above 
the  ^ater  portion,  therefore,  of  the  circle  the  horizon,  which  were  not  so  before ; 
eqva  above  that  horizon  above  which  and  others  disappear  entirely  below  it. 
the  pole  is  most  elevated,  or  the  horizon  It  is  easy  to  ascertain  when  this  takes 
of  tnat  place  which  has  the  greater  place  for  any  particular  circle.  Taking 
latitude.  Now  eq  being  a  circle  of  the  case  of  the  circle  09,  the  point  most 
rotation  North,  of  the  equator,  may  re-  elevated  above  the  horizon  is  e,  where 
present  the  sun's  line  of  diurnal  motion  it  cuts  the  meridian  on  one  side  of  the 
when  his  declination  is  North ;  and  we  pole ;  the  point  least  elevated  above,  or 
consequently  deduce  the  following  gene-  most  depressed  below,  the  horizon  is  g, 
ral  rule,  that  wherever  the  North  Pole  where  it  cuts  the  meridian  on  the  other 
18  above  the  horizon,  and  the  sun*8  de^  side  of  the  pole.  Whenever  therefore 
dinaiion  is  North,  the  day  is  longer  g  is  above  the  horizon,  the  whole  circle 
than  the  night ;  and  thai  in  different  is  so.  Now,  the  zenith  is  90^  from  the 
places,  the  day  is  longer-  where  the  horizon,  and  the  pole  90^  from  the  equa- 
North  Pole  is  more  elevated  above  the  tor ;  and  these  equal  arcs  of  90^  are 
horizon,  and  shorter  where  it  is  less  so,  made  up  in  one  case  of  the  distance  of 
In  the  same  manner,  taking  the  case  the  pole  from  the  zenith,  and  the  lati- 
of  a  circle  of  rotation  South  of  the  equa-  tude  of  the  place,  or  elevation  of  the 
tor,  as  ef  (f,  the  circle  PRpT  divides  it  pole  above  the  horizon,  in  the  other  of 
also  into  equal  parts  u^  e  v*,  vf  q*  v',  the  same  elevation  of  the  pole  above  the 
and  f  ef  r^  the  part  above  the  horizon  horizon,  and  the  depression  of  the  point 
Hi  Ni  is  evidently  less  than  t«V  t?' ;  and  Q  of  the  equator  below  it.  The  zenith 
t%^  ff  ra'9  the  part  above  the  horizon  distance  of  the  pole,  therefore,  and  the 
Hs  Nf,  is  evidently  stiJl  less  than  /'^W.  depression  of  the  equator  at  the  point 
Whenever  the  North  Pole,  therefore,  is  Q  below  the  horizon  are  eaual.  Now, 
above  the  horizon,  and  the  sun's  de-  it  is  clear  that  whenever  the  North  decli- 
clination  is  South,  the  day  is  shorter  nation  of  a  body,  as  Q  q,  is  less  than  the 
than  the  night ;  and  in  different  places,  depression  of  the  equator  below  the 
the  day  is  shorter  where  the  North  Pole  horizon,  as  it  is  in  the  cases  of  the  hori- 
is  more  elevated  above  the  horizon,  and  zons  Hi  Ni,  Hs  N^  the  body  when  it 
longer  when  it  is  less  so.  comes  to  the  meridian  at  q  is  be- 
As  the  days  both  lengthen  and  shorten  low  the  horizon ;  but  that  when  the 
more  and  more  as  the  elevation  of  the  declination  Q  j;  is  greater  than  that 
pole  increases,  of  course  the  inequalitv  of  depression,  as  it  is  in  the  case  of  the 
their  lengths  increases.  Thus  at  London,  horizon  HsNa,  the  body  at  9  is  above 
where  the  elevation  of  the  pole  is  of  the  horizon;  and  then  its  whole  circle 
51^31',  the  longest  day [  is  of  16**  34";  of  rotation  is  sa  When  the  dedina- 
the  shortest  of  7**  44 "S  and  the  differ-  tion  of  the  body,  and  the  depression 
ence  of  8*»  50".  At  Paris,  where  the  of  the  point  Q  are  exactly  equal,  the 
pole  is  only  elevated  48^  50',  the  longest  body  just  touches  the  horizon  at  q,  and 
day  is  of  16*»  7";  the  shortest  of  8**  U",  all  the  rest  of  its  course  is  completely 
and  the  difference  of  7^56".    And  at  above  it  Generally  therefore,  MA^r^twr 
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ike  NMh  dedinaHan  of  a  body  U  noi  nipted  daylight    In  the  same  manner, 

le9M  than  the  depression  of  the  point  as  soon  as  the  South  declination  is  eqnal 

'^    'the  equator^  or  than  the  zenith  to  this  zenith  distance  (here  15^),  the 

ice  of  the  pole,  no  part  of  its  whole  8un*s  course  will  only  just  touch  the 


O  of  the  eqttatorf  or  than  the  zenith  to  this  zenith  distance  (here  15^),  the 
£skmce  of  the  pole,  no  part  of  its  whole  8un*s  course  will  only  just  touch  the 
course  ofdiumal  roUdion  is  below  the    horizon ;  and  from  that  time  till  he  at- 


horizon.  tains  his  greatest   South   decUnation, 

In  the  same  manner,  taking  the  ease  and  again  till  he  returns  to  the  same 

of  the  chicle  e' g',  we  shaU  find  that  the  South    declination    (15%    his    whole 

most  elevated  point  ^  never  rises  above  course  will  be  below  the  horizon ;   so 

the  horizon  Hs  Na  when  the  South  decli-  *  that  for  a  considerable  period  (in  this  in- 

nation  IS  ^  exceeds  the  elevation  of  the  stance  from  the  2d  of  November  to  the 

point  E  of  the  equator  above  the  hori-  8th  of  February),  there  will  be  uninter* 

zon ;  and  as  the  90°  from  the  horizon  to  rupted  night    These  intervals  of  unin- 

the  zenith  are  made  up  of  this  elevation  terrupted  day  and  night  are  obviously 

and  the  zenith  distance  of  the  point  E,  longer  as  the  latitude !  increases ;    for 

and  the  90°  from  the  point  E  to  the  pole  then  the  zenith  distance  of  the  pole,  or 

are  made  up  of  the  same  zenith  distance  the  declination  at  which  the  sun  begins 

of  the  point  E  and  the  zenith  distance  to  be  continually  above  or  continually 

of  the  pole,  the  elevation  of  the  point  E,  below  the  horizon,  diminishes,  and  the 

and  the  zenith  distance  of  the  pole  are  sun  in  consequence  attains  that  declina* 

equal.     Generally  therefore,  wherever  tion  sooner  after  one  equinox,  and  does 

the  South  declination  of  a  body  is  not  not  return  to  it  till  a  shorter  time  before 

less  than  the  zenith  distance  of  the  pole,  the  other ;  or  the  interval  during  which 

no  part  of  its  whole  course  of  diurnal  he  has  that  or  greater  declination  is 

rotation  u  above  the  hofigon,  longer. 

The  greatest  North  and  South  decli-  When  the  pole  coincides  with  the 
nations  of  the  sun  are  of  23°  28'  each :  zenith,  or  the  latitude  is  90°,  the  equar 
for,  although  there  is  some  little  differ-  tor  coincides  with  the  horizon.  In  this 
ence  in  l^e  observations  of  the  two,  they  case  therefore,  every  circle  parallel  to 
may  without  sensible  error,  for  this  pur-  the  equator,  and  North  of  it,  is  en- 
pose,  be  treated  as  equal.  These  are  tirely  above  the  horizon,  and  every 
nis  declinations  at  the  solstices.  Where  point  of  it  at  the  same  elevation ;  and 
therefore  the  zenith  distance  of  the  pole  all  circles  parallel  to  the  equator,  and 
is  of  23°  28',  or  the  latitude  of  66°  32',  South  of  it,  are  entirely  below  the  hori- 
the  sun  at  the  summer  solstices,  where  zon.  Here  then  all  bodies  which  have 
he  is  at  his  greatest  North  declination.  North  declinations  are  always  above 
will,  at  his  lowest  point,  only  just  touch  the  horizon,  and  describe  circles  in  their 
thehorizon,  and  all  the  rest  of  his  course  daily  rotation  parallel  to  it;  and  all 
for  that  day  will  be  above  it ;  or  there  will  bodies  which  have  South  declination  are 
be  one  day  of  24  hours,  with  no  night :  always  below  the  horizon.  At  the  ver- 
and,  in  the  same  manner,  there  wiU  be  nal  equinox  therefore,  the  sun,  which 
one  period  of  24  hours,  when  the  sun  is  then  comes  upon  the  equator,  just  coin- 
at  the  winter  solstice,  during  which  he  cides  with  the  horizon ;  he  is  then  con- 
will,  at  his  highest  point,  only  just  touch  tinually  above  it  while  his  declination  is 
the  horizon,  and  tne  rest  of  his  course  North,  or  until  he  returns  to  the  equator 
will  be  below  it ;  or  there  will  be  a  ni^ht  at  the  autumnal  equinox,  and  from  that 
of  24  hours,  and  no  day.  If  the  zenith  time  continually  below  it,  while  his  decli* 
distance  of  the  pole  be  less  than  23^  28',  nation  is  South,  or  until  he  returns  again 
or  the  latitude  greater  than  66°  32',  (as,  to  the  equator  at  the  succeeding  vernal 
for  instance,  if  the  zenith  distance  be  15°,  equinox.  In  this  case,  therefore,  there 
or  the  latitude  75°,)  then,  as  soon  as  the  is  uninterrupted  daylight  for  half  the 
sun  attains  a  North  declination  equal  to  year,  and  then  uninterrupted  night  for 
that  zenith  distance,  (in  this  instance  the  remainder. 

15°)  his  daily  course  will  only  just  touch  The  pole  may  also  coincide  with  the 
the  horizon ;  and  from  that  time  for-  horizon,  which,  in  this  case,  will  be  re- 
ward till  he  attains  his  greatest  North  presented  by  the  circle  Vp,  which,  as  we 
declination,  and  again  tiU  he  returns  to  have  already  observed,  bisects,  and  is 
the  same  North  declination  (15°),  his  perpendicular  to,  every  circle  of  rota- 
whole  course  will  be  above  the  horizon ;  tion,  as  £  Q,  e  g,  and  ^  q\  In  this 
or,  for  a  considerable  period  (in  the  in-  case  then  every  heavenly  body  is  an 
stance  put,  from  the  30th  of  April  to  the  equal  time  above  and  below  the  hori- 
12th  of  August),  there  will  be  uninter-  zon ;  and  the  sun  therefore  is  so  what- 
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ever  be  his  dediiULtion,  or  at  eveiy  increased  by  the  time  corresponding 
period  of  the  year.  to  this  di£Perence  of  elevation,  and  the 
.  We  have  now  ^enerallv  ascertained  zenith  distance  of  the  pole  at  the  points 
the  manner  in  which  the  length  of  the  where  some  part  of  the  sun  is  first  seen 
day  differs  at  different  places.  There  never  to  set  at  the  solstice,  and  the  South 
are  however  two  causes  which  make  declination  of  the  sun  when  first  seen 
the  length  of  the  day  greater  and  that  of  on  the  horizon  where  the  pole  and  zenith 
the  night  less  than  we  have  stated  it  coincide,  are  increased  m  exactly  the 
In  speaking  of  the  sun/as  in  the  equa-  same  manner  by  this  cause,  as  we  have 
tor  or  horizon,  we  mean  that  his  centre  already  seen  tlmt  they  are  by  the  appar 
is  so.  At  these  instants  thereforCr  his  rent  magnitude  of  the  sun  himself. 
Northern  limb,  or  the  Northern  part  of  A  short  notice  of  the  manner  in. which 
his  visible  circumference,  is  North  of  the  the  climates  of  different  places  differ 
equator,  his  upper  limb  above  the  hori-  will  be  sufficient  We  have  already 
zon ;  and  as  the  mean  apparent  semi-  seen  that  the  sun*s  influence  depends  on 
diameter  of  the  sun  is  about  16',  the  the  length  of  time  during  which  he  con- 
sun  begins  to  appear  on  the  horizon,  or  tinues  above  the  horizon,  and  the  de- 
the  equator  or  any  circle  parallel  to  the  vation  he  attains  above  it.  The  greatest 
equator,  sooner  than  we  have  stated,  by  elevation  of  the  sun,  like  that  of  ful  other 
the  time  corresponding  to  that  difference  heavenly  bodies  in  their  daily  rot ation^ 
of  elevation  in  the  one  case,  and  of  de-  is  always  when  he  is  on  the  meridian ; 
dination  in  the  other ;  that  is  to  say,  his  and  his  distance  at  that  time  from 
upper  limb  appears  on  the  horizon  when  the  Southern  point  of  the  horizon  is 
his  centre  is  16'  below  it,  and  thus  the  always  equal  to  the  distance  of  the 
length  of  each  day  is  increased ;  and  the  intersection  of  the  meridian  and  equa- 
greatest  declination  of  the  Northern  limb  tor  from  that  point,  increased  by  the 
being  16'  greater  than  the  declination  of  declination,  when  North,  and  diminished 
the  centre,  or  being  23°  44',  some  part  by  it  when  South  * ;  or,  as  the  dis- 
of  the  sun  is  always  above  the  horizon  tance  of  the  intersection  of  the  meri- 
at  the  summer  solstice,  where  the  zenith  dian  and  equator  from  the  South  point 
distance  of  the  pole  is  23°  44',  instead  of  the  honzon  is  equal  to  the  zenith 
of  23°  28'.  So  also,  where  the  pole  and  distance  of  the  pole,  the  sun*s  distance 
zenith  coincide,  as  the  North  limb  of  the  from  that  point  when  he  is  on  the  meri- 
sun  is  on  the  equator,  when  the  decli-  dian  is  equal  to.  the  zenith  distance  of 
nation  of  the  centre  is  16'  South,  some  the  pole  increased  by  his  declination 
part  of  the  sun  is  continually  seen  on  when  North,  or  diminished  by  it  when 
the  horizon,  not  merely  from  the  time  of  South.  When  the  declination  is  South, 
his  coming  to  the  equinox,  but  from  the  and  greater  than  the  zenith  distance  of 
time  that  his  South  declination  is  less  the  pole,  this  expression  becomes  nega- 
than  16'.  There  is  another  cause  also,  tive ;  and  the  sun  never  rises.  When  it 
which  produces  a  similar  effect,  and  to  has  a  positive  value,  it  continually  in- 
a  greater  degree.  In  speaking  of  the  creases  as  the  South  declination  dimi- 
place  of  the  sun,  we  have  hitherto  given  nishes,  or  the  North  declination  in- 
the  results  of  observation,  as  they  are  creases.  Now,  the  whole  arch  of  the 
obtained  after  allowing  for  the  operation  meridian  from  South  to  North  is  180°; 
of  certain  causes  which  materially  com-  and  consequently  when  the  meridian 
plicate  them  in  the  first  instance,  and  distance  of  the  sun  from  the  South  point 
which  we  shall  hereafter  explain  under  exceeds  90°,  he  is  nearer  the  North  point 
the  heads  of  parallax  and  refraction,  than  the  South  point :  his  meridian  ele- 
Parallax  tends  to  make  the  apparent  vation,  therefore,  in  that  case  is  his  dis- 
place of  a  body  lower  than  that  which  tance  from  the  North  point,  and  dimi- 

we  consider  it  really  to  occupy,  and 

which^e  call  its  real  olace:  refraction  *  ^TSS.Tc.'S'X'?^!'  W."°S 

to  make  it  higher  ;  and  as  tne  effect  of  £eing  the  SouUx  point  of  the  horlson,  and  E  the 

refraction  is  much  greater  than   that  of  Intewection  of  the  equator  and  meridian,  8,  and 

.11             ^      «u^  r.,^   *kA  irk'int  A-fPanf  ^2  may  represent  two  mtaations  of  the  sun  in  the 

parallax  upon  the  sun,  the  joint  ettect  „'eridlan.  a,  being  a  sltnatlon  where  hUdeclina- 

Of   the    two   is    to   render  the    apparent  tlon  la  south,  Sj  where  it  is  North.    S|  H  and 

higher  than  the  real  place.     When  the  5«  H  are  evidently  his  distances  at  those  times 

®     A        r         •     *«:«  i/i«^v  flrom  H,  the  South  point  of  hortson ;  and  S 1  H  Is 

sun    therefore  is    really  upon  the  nori-  the  distance,  E  H,  of  the  inursectlon  of  the  me- 

ZOn  he  appears   above  it ;   and  when  he  rldlan  and  equator  from  that  point,  diminished  by 

*A,   ;i     K-    ■      «   'ii„    «K«„f    QQ/  K  Si,  the  sun*s  South  declination ;  S. H  Is  the 

appears  on  it,  he  is  really  about  33  ,.„,«  distance  e h.  incresMd  by  E8,.*aie  sun's 

below  it.    The   length  of   daylight  is  North  declination. 
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nishes  sb  his  decHnation  increasei,  after  ent  places,  are  more  easily  ascertsdned, 

it  has  once  attained  that  value  which  The  least  distance  from  the  South  point  is 

makes  it  equal  to  90^.  always  the  difference  between  the  eleva- 

The  greatest  value  of  the  declination  tion  of  the  equator  where  it  crosses  the 

is  23®  28' :    whenever,  therefore,  the  meridian,  and  the  greatest  South  decli- 

zenith  distance  of  the  pole  is  less  than  nation :  and  this  is  necessarily  the  least 

66®  32',  the  sun*s  meridian  distance  from  meridian  elevation,   except  where  the 

the  South' point  can  never  exceed  90® :  poles  are  in  the  horizon,  and  there  are 

this  distance  therefore  is  the  sun*s  alti-  equal  elevations  on  the  North  and  South 

tude  at  the  time,  and  increases  for  all  side  of  the  zenith.    The  least  elevation 

places  as  the  sun  moves  Northward ;  therefore  increases,  as  the  elevation  of 

and  it  is  greatest  on  the  same  day,  for  the  point  of  intersection  of  the  equator 

different  places,  as  the  zenith  distance  of  and  meridian  increases,  or  as  the  zenith 

the  pole  increases,  or  the  elevation  of  distance    of  the  pole  increases  ;    and 

the  pole  diminishes.  The  influence  of  the  the  greater    this  zenith    distance    the 

sun  then,  as  far  as  it  is  determined  by  greater  is  the  least  meridian  elevation  of 

his  elevation,  increases  as  the  elevation  the  sun.     But  we  have  alreadv  seen 

of  the  pole  diminishes,    within  these  that,  as  the  zenith  distance  of  the  pole 

limits.     We  have  already  seen  that  the  increases,  or  its  elevation  diminishes, 

length  of  the  day  increases,  when  the  the  length  of  the  shortest  days  increases ; 

sun*s  declination  is  North,  as  the  eleva-  and  consequently  on  both  accounts  the 

tion  of  the  pole  increases.    These  two  influence  of  the  sun,  during  the  period 

causes  of  heat  therefore  are  opposed  to  of  his  South  declination,  is  mcreased  as 

each  other,  and  we  cannot  easily  tell  in  the  elevation  of  the  North  Pole  is  dimi- 

what  degree  they  may  counteract  each  nished.    We  should  exi)ect,  therefore, 

other ;  and  in  fact  we  know  that  in  high  to  find  the  winters  diminish  in  severity, 

latitudes,  or  places  where  the  elevation  as  the  elevation  of  the  North  Pole  dimi- 

of  the  pole  is  great,  the  summers  are  nishes. 

often  very  hot,  although  the  elevation  of  It  may  seem  also,  that,  notwithstand- 

the  sun  is  small.  ing  the  difficulty  of  comparing  the  sun^s 

Where  the  zenith  distance  of  the  pole  extreme  power  at  different  places,  his 

is  greater  than  66®  32',  we  are  still  less  average  power  may  be  accurately  com- 

able  to  arrive  at  any  satisfactory  con-  pared.    The  whole  time  for  which  the 

elusion.    In  this  case  we  have  already  sun  in  the  course  of  a  year  is  above 

seen  that  the  meridian  elevation  of  the  the  horizon,  is  everywhere  the  same  or 

sun  may  have  to  be  measured  North-  nearly  so.    If,  in  Jig.  5,eq'beB,  circle  of 

ward,  and  that  it  will  then  decrease  as  rotation  North  of  tne  equator,  and  e'  g' 

the'  declination   increases,  or    as    the  be  one  South  of  it,  and  at  the  same  dis- 

length    of  the   day  increases.      Thus  tance  from  it,  the  portion /^^ri  of  the  first 

the  two  causes  which  affect  the  solar  circle  which  is  above  the  horizon  Hi  Ni, 

power  are  here  opposed,  so  as  to  pre-  and  the  part  //  q'  ri'  of  the  second 

yent  us  from  even  saying  when  it  is  circle  which  is,  below  it,  are  in  all  cases 

greatest   at  the   place   itself;    and  of  equal;  and  so,  of  course,  are  the  parts 

course  we  have  another  difficulty,  added  remaining.    The  parts  above  the  nori- 

to  that  already  mentioned,  in  comparing  zon  therefore,  Ueri    and  /i  ^r/  are 

it  with  the  corresponding  power  in  other  together  equal  to  the  whole  of  one  of 

situations.     When  the  pole  is  in  the  these  circles ;  or  the  time  for  which  the 

horizon,  the  length  of  the  day,  as  we  sun  is  above  the  horizon  in  the  two 

ha^  already  seen,  is  always  equaL    In  days  during  which  he  describes  the  two 

this  case  the  power  of  the  sun  to  com-  circles  e  q^ef  q\  is  equal  to  the  time  of 

municate  heat  depends  only  on  his  ele-  describing  one  of  the  circles,  or  to  a 

vation.    Now  here  the  equator  passes  day,  and  the  time  during  which  he  is 

through  the  zenith,  and  the  meridian  below  the  horizon  is  so  also ;  and,  in 

elevation  of  the  sun  is  therefore  great-  tins  manner,  as  the  sun  in  his  course 

est  when  he  is  in  the  equator,  and  con-  has  equal  North  and  South  declination, 

tinually  less  as  he  recedes  from  it,  either  two  da3rs  may  continually  be  found,  in 

towards  the  North  or  the  South.    Here  which,  taken  together,  the  whole  time 

therefore  the  equinoxes  are  the  periods  of  the  sun*s  bein^  above  the  horizon  is 

of  the  greatest,  the  solstices  of  the  least  equal  to  that  of  his  being  below  it  \,  and 

solar  power.  the  whole  vear  may  be  divided  into  these 

The  periods  of  the  least  solar  power*  pairs  of  aays,  or  only  not  so,  because 

which  correspond  to  the  wmter  of^differ-  the  sun's  motion  being  rather  more  rapid 
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in  the  Southern  than  the  Northern  part  tions,  that  th^  divided  the  whole  earth 

of  his  orbit*  the  days  during  which  he  into  climates  accordmgly ;  and  having  no 

is  longer  below  than  above  tne  horizon,  actual  knowledge  of  uie  high  Northern 

are  not,  in  places  North  of  the  equa-  regions,  nor  of  those  near  the  equinoctial 

tor,  quite  so  many  as  those  when  he  line,  or  South  of  it,  they  conceived  the 

is  longer  above  it.    In  the  same  man-  former  to  be  uninhabitable  from  extrenie 

ner,  if  the  circle  ^  o  is  entirely  above  cold,  and  the  countries  near  the  equi- 

the  horizon  HaN^  tne  circle  e'q'  is  en-  noctial  to  be  equally  so'fropi  extreme 

tirely  below  it ;    and  thus  the  period,  heat.    The  experience  of  modem  timet 

during  which  the  sun  never  sinks  below  has  proved  thc^  both  suppositions  were 

the  horizon,  is    counterbalanced  by  a  extravagant :  and  it  has  farther  shewn 

period   during  which   he   never   rises  that  the  heat  of  different  places  where 

above  it  the  elevation  of  the  pole  is  the  same  is 

Taking  the  extreme  case,  when  the  very  different ;  that  it  is  indeed  so  much 

pole  is  in  the  zenith,  these  periods  are  each  affected  by  local  causes,'a8  the  elevation 

of  them  from  equinox  to  equinox,  or  they  of  the  country  above  the  level  of  the  seat 

comprehend  each  half  the  sun's  course,  its  degree  of  cultivation,  its  geological 

and  they  only  differ  therefore,  like  the  constitution,  the  average  moisture  of 

others,  by  the  small  inequality  occasioned  the  soil  and  atmosphere,  the  prevalent 

by  his  variable  rate  of  motion.    When  winds,  the  extent  of  continent  with  which 

Uie  pole  is  in  the  horizon  we  have  already  it  is  connected,  and  other  siinilar  cir« 

seen  that  the  day  and  night  are  always  cumstances,  that  the  mere  consideration 

equal.    Neglecting  therefore  the  slight  of  the  average  influence  of  the  sun,  as 

inequality  we  have  mentioned,  (which  deduced  from  his  average  elevation,  is 

makes  the  whole  period  during  which,  in  (juite  inadequate  to  give  any  informar 

the  course  of  a  year,  the  sun  is  above  the  tion  as  to  the  comparative  temperature 

horizon,    somewhat .  longer   when  the  of  different  places.    Thus  £dmburgh» 

North  Pole  is  so,  and  shorter  when  the  Moscow,   and  Copenhagen,  have  tSi 

South  Pole  is,  and  thus  tends  to  render  nearly  the  same  latitude  ;  but  the  Baltic 

the  heat  of  the  former  greater  than  that  is  frozen  up  eveiy  year,  while  the  sea  near 

of  the  latter  climates)  we  may  consider  Edinburgh  is  unencumbered  with  ice, 

that  everywhere  the  sun  is  half  the  year  and  the  severities  of  a  Russian  winter, 

above,  and  half  l)elow  the  horizon ;  and  and  the  early 'period  at  which'they  com- 

his  influence  to  produce  heat  throughout  mence,  have  too  lately  been  the  sufagects 

theyear,  and  consequently  the  aven^  of  history,  for  us  to  want  any  other 

beat,  as  far  as  he  occasions  it,  will  oe-  proof  of  the  comparative  mildness  of  the 

pend  upon  his  average  elevation  above  climate  of  Scotland*.    It  would  Uiero- 

the  horizon,  and  be  greatest  where  that  fore  be  useless  to  enter  into  any  labo« 

is  greatest,  and  least  where  that  is  least,  nous  research  to  discover  the  exact  laws 

It  would  however  lead  to  very  compli-  according  to  which  a  power,  which  we 

cated. investigation,  if  we  were  to  endea-  find  not  to  have  the  importance  once  at- 

vour  to  determine  the  manner  in  which  tributed  to  it,  varies ;  nor  should  we  have 

this  average  elevation  differs  at  different  given  to  it  even  so  much  consideration 

places.  It  is  sufficient  to  state  generally  as  we  have,  unless  the  investigatioa 

that  it  is  greatest  vehen  the  pole  is  in  the  had  involved  in  it  some  facts  and  prin- 

horizon,  and  continually  diminishes  as  ciples  which  are  really  of  value ;  the  ex- 

the  elevation  of  the  pole  increases ;  or  (Nations,  we  mean,  of  the  manner  in 

the  influence  of  the  sun  for  the  whole  which  the  greatest  and  least  solar  power 

year  is  ^atest  when  the  latitude  is  vary  at  different  places,  and  the  im- 

nothing,  it  gradually  diminishes  with  the  portant  general  fact  that  the  whole  pe- 

ancrease  either  of  North  or  South  latitude,  nod   of   daylight  during   the  year  if 

and  is  least  where  the  latitude  is  of  90«.  equal,  or  very  nearly  so,  at  every  plaoe 

And  it  is  familiarly  known  to  every  one  on  the  earth's  surface. 

that  these  deductions  actually  corre-  . 

spond  with  the  general  results  of  obser- 

vation;  that,  genarally    the  countries      '  SSjSSlS.'i^.r.J.SSSW^^SSJI'.  ' 

near  tne  equtnociUU  llfie  (for  so  the  line  Itie  mouUi  of  Uie  rlTcr  St.  Lawrence  ia  in  the  UtI- 

where  the  latitude  is  nothing  is  dOled,  *««»•  '*^'?^:^}  f  H"  ">*«:•  ^«n  a*'  .outh  of  lo»- 

*i*^   Jo..  ts-^A  «•  Ui.   u  •        au" «i._^   1  doniftndthli  Is  Uxe  most  Northerly  point  of  tiie 

the  day  and  mght  bemg  there  always  ^^^ ,  yet  au  ncees.  to  c»uda  is  stopped  by  the 

equal)  are  the  hottest,  those  in  high  lat^  frost  wUch  closes  the  river  at  an  early  peflod 

tildes  the  coldest     Thi*  AmuAnta  imlAAd  o'  ^^  winter,  and  the  Ice  does  not  break  up. 
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a«^»«^»  t     n-  tkj,  ^^i»i:^  ,,tTi^^^  -  ^^  **^  variation  is  ascertained,  its  average 

facTiON  5r.-.Ofi/A^tf^ion  o/Tme^,  ^^^^  of  motion  during  this  whole  couiie 

#iont«At*Or6U--fAa<Ao»^^^^  »»«««  »*ofto«.    A  body  moving  with 

2?^£  ^r  S!^'^^'^7^^'^''^y,  this  mean  motion,  and  oi  course  moving 

f  Ae  iia/ifre  of  the  equation  throughout  ^^^^^^    ^^  th^  whole  time  occupiS 

^'^  ^^^*                               ^           '  by  the  whole  series  of  ;the  real  motions, 

A  ORBAT  number  of  the  most  import*  would  move  through  tiie  same  space  as 

ant  elements  involved  in  astronomical  the  real  body,  but  its  place  at  many,  or 

researches  are  variable  in  theur  amount  all  intermediate  periods,  would  be  dif- 

Their   variations,   however,    generally  ferent  from  the  place  of  the  real  body, 

succeed  each*  other  in  a  certain  order,  on  account  of  the  difference  between 

and  are  confined  within  certain  limits ;  the  real  and  mean  motions.    The  place 

and  when  these  limits,  and  all  the  vary-  of  a  body  so  moving,  or  tiie  place  which 

ing  values  are  ascertained,  it  is  of  course  the  real  body  would  occupy  oh  the  sup- 

Sossible  to  take    an   average    among  position  that  it  moved  uniformly,  and 

lem,  and  this  average  value  is  termed  described  in  the  time  occupied  by  the 

a  mean  value,  whole  series  of  its  real  motions  the  same 

It  is  indeed  always  possible  to  take  spaces  which  it  actually  does,  is  called 

an  average  between  any  number  of  ob-  the  mean  place  of  the  body.    In  the 

servations,  or  of  ascertained  values  of  a  same  manner  an  event  which  happens 

particular  dement ;  but  unless  the  ob-  at  various  intervals  which  succeed  each 

servations  are  so  taken  that  the  whole  other  in  a  certain  and  recurring  order, 

course  or  cycle  of  the  variation  is  in-  will  have  a  mean  time  of  occurrence, 

eluded,  it  is  not  usual  to  call  the  avera«;e  N  ow  it  very  generally  happens  in  astro- 

a  mean  value ;  or  rather  it  is  not  the  nomy  that  it  is.  less  inconvenient  first 

absolute  mean  value  of  the  thing  itself  to  compute  the  mean  place  of  a  body, 

it  is  only  its  average  or  mean  value  for  or  the  mean  time  of  an  event,  and  then 

a  certain  time.    For  instance,  we  have  to  ascertain  the  difference  between  the 

alr^y  seen  that  the  length  of  the  day,  mean  and  the  true,  than  to  go  through 

considered  as  the  intervsu  from  sunrise  the  computations  necessary  to  &id  the 

to  sunset  is  continually  varying,  but  true  time  and  place  in  the  first  instance, 

that  it  goes  through  all  its  changes  in  When  once  the  mean  values  have 

the  int^al  from  one  solstice  to  another*  been  ascertained,  the  mean  motion  of  a 

Its  average  duration  for  this  whole  time,  body  during  a  Imown  period,  its  mean 

then,  is  its  mean  value:  it  is  a  little  place  at  a  known  time,  the  mean  time  of 

more  than  twelve  hours,  and  it  is  very  the  occurrence  of  a  given  event,  arB 

nearly  the  same  everywhere ;  it  would  easily  found ;  for  the  intervals  of  the 

be  everywhere  exactly  twelve  hours,  if  mean  time,  and  the  rate  of  the  mean 

the  sun  always  moved  at  the  same  rate,  motion  being  always  the  same,  we  only 

and  there  were  no  parallax  or  refraction,  want  to  know  how  often  the  event  has 

An  average,  however,  might  be  taken  occurred,  or  how  long  the  motion  has 

of  the  len^hs  of  this  day  for  a  portion  been  continued.    If,  from  consider/ition 

only  of  this  interval,  for  instance,  from  of  the  manner  in  which  the  difference 

the  vernal  equinox  to  the  summer  sol-  between    the   true    and   mean  values 

stice ;  in  this  case,  the  shortest  length  arises,  we  can  ascertain  the  amount  of 

of  the  day  would  be  a  little  more  than  that  difference  in  each  particular  in- 

twelve  hours,  and  the  average  length  at  stance,  we  can  find  what  is  to  be  added 

London  about  fourteen  hours  and  three  to  or  subtracted  from  the  mean  value  to 

quarters.    This    would    be    a  correct  arrive  at  the  true ;   and  the  quantity  so 

average  of  the  lengths  observed ;  but  as  added  or  subtracted  is  called  an  equa* 

the  time  of  observation  would  not  com-  tion.  The  mean  value  thus  leads  to  the 

prehend  all  the  variations  of  the  element  true  value,  and  of  course  it  furnishes  an 

m  question,  it  would  not  be  the  mean  approximation  to  it ;  and  as  the  subjects 

length  of  the  day  absolutely,  though  it  of  astronomical  inquiry  generally  have 

mi^ht  be  called  the  mean  length  for  the  their  variations  confined  within  narrow 

period  of  observation.  limits,  so  that  the  difference  between  the 

In  the  same   manner  as  we  have  true  and  mean  motion's  times  and  places 

taken  an  instance  of  mean  duration,  we  is  not  very  great,  the  approximation  is 

might  have  an  instance  of  mean  motion ;  not  veiy  distant 

that  is  to  say,  if  a  body  moves  with  ^a  We  shall  find  several  instances  of  the 

variable  motioo ;  but  if  the  wiiote  course  application  of  the  terms  above  eaqplaiaedt 
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and  of  the  use  made  of  these  mean  his  whole  real  angular  motion  for  that  pe- 

"values  and  results  in  treating  of  the  riod  is  equal  to  his  mean  angtdarmotwn 

equation  of  time,  of  which  we  have  still  for  the  same  time,  the  real  motion  will  at 

to  speak,  and  then  the  more  obvious  first  be  less,  and  afterwards  greater  than 

appearances  of  the  sun,  and  their  prin-  the  mean  motion.   His  real  place  there- 

cipal  effects,  will  be  for  the  present  fore  will  at  first  fall  behind  his  mean 

sufficiently  explained.  place,  and  the  distance  between  them 

The  solar  day  is  longer  than  the  will  increase  day  by  day  until  his  real 
sidereal  day  in  consequence  of  the  mo-  motion  becomes  equal  to  his  mean 
tion  of  the  sim  Eastward  in  his  orbit,  motion ;  the  distance  will  then  diminish 
It  is  evident  that  the  degree  of  its  ex-  as  the  real  mcKion  becomes  greater  than 
cess  above  the  sidereal  day  must  be  the  mean  motion,  and  this  excess  will 
affected  by  the  quantity  of  that  mo-  finally  bring  them  together  again.  It 
tion,  and  must,  when  other  circum-  will  not  however  do  this  until  they 
stances  are  the  same,  be  greatest  when  reach  the  perigee,  for  we  have  already 
that  motion  is  greatest,  or  when  the  seen  that  they  are  then  together,  and 
sun  is  in  his  perigee,  and  least  when  this  could  not  be  the  case  if  they  had 
that  motion  is  least,  or  the  sun  is  in  his  been  so  before ;  for  as  they  are  only 
apogee.  The  motion  of  the  sun  goes  brought  together  by  the  real  motion  ex- 
through  all  its  variations  in  the  course  of  ceeding  the  mean  motion,  and  as  the 
one  revolution  of  the  sun  in  his  orbit ;  real  motion  continually  increases  from 
it  admits,  therefore,  on  the  principles  apogee  to  perigee,  if  at  any  period 
alreadv  explained,  of  a  mean  value.  Let  before  the  perigee  S  had  come  up  with 
us  call  the  sun  S,  and  let  us  suppose  a  Si,  at  the  following  instant  S  would  have 
fictitiousbody,which  wecallSi,  to  move  passed  Si  by  the  excess  of  its  motion, 
uniformly  in  the  ecliptic,  and  to  perform  and  would  have  continued  from  day  to 
a  complete  revolution  in  the  same  time  day  to  increase  the  distance  between 
as  S :  the  motion  of  Si,  therefore,  will  them  by  the  continuing  and  growing 
be  the  mean  motion,  and  its  place,  the  excess  of  the  real  above  the  mean 
mean  place,  of  S.  The  difference  be-  motion ;  and  the  consequence  would  be, 
tween  the  places  of  S  and  Si  will  be  an  contrary  to  the  fact,  that  S  would  arrive 
equation ;  \t  is  cBlled  the  equation  0/ the  at  the  perigee  before  Si.  We  arrive 
centre.  Let  us  suppose  the  two  bodies,  S,  therefore  at  this  conclusion,  that  the 
and  Si,  to  be  together  when  the  sun  is  in  real  place  of  the  sun  is  behind  his  mean 
apogee.  As  the  revolution  of  the  supposed  place,  as  he  passes  from  apogee  to  peri- 
body  Si,  is  completed  at  the  same  time  gee,  the  distance  between  them  continu- 
as  that  of  S,  they  will  be  again  together  ally  increasink  for  a  certain  time,  then 
at  the  end  of  the  year,  or  when  the  sun  continually  diminishing  till  the  two 
returns  to  his  apogee.  Besides  this,  the  places  again  coincide  at  the  perigee, 
times  of  the  sun*s  motion  from  apogee  to  Exactly  in  the  same  manner  we  find  that 
perigee,  and  from  perigee  back  to  apo-  the  real  and  mean  place  never  coincide 
gee,  are  equal ;  they  are  therefore  each  from  perigee  to  apop^ee,  only  with  this 
equal  to  half  the  lime  of  his  whole  revo-  difference,  that  as  m  this  half  of  the 
lution,  or  to  half  the  time  of  the  revolu-  orbit  the  real  motion  is  at  fii^t  greater, 
tion  of  S,  or  to  the  time  taken  by  Si,  and  afterwards  less,  than  the  mean 
which  moves  uniformly,  to  pass  through  motion,  the  real  place  is  always  btfore 
half  the  ecliptic.  But  the  sun^s  apogee  the  mean  place,  until,  on  the  return  to 
and  perigee  are  at  the  -distance  of  half  the  apogee,  they  both  again  correspond, 
the  ecliptic  from  each  other;  conse-  The  greatest  difference  in  the  time  of 
quently,  as  S  and  Si,  were  together  at  the  approach  of  S  and  Si  to  the  meridian 
the  apogee,  they  are  so  also  at  the  peri-  cannot  exceed  8»  24*. 
gee,  each  taking  the  same  time  (half  of  It  is  not  however  only  b^  the  varia- 
Oie  year)  to  pass  through  half  of  their  tion  in  the  sun*s  rate  of  motion,  that  the 
orbits.  We  find  therefore  that  the  real  length  of  the  solar  day,  or  the  interval 
and  mean  places  of  the  sun  coincide  at  between  his  successive  appearances  on 
the  apogee  and  perigee.  the  meridian,  is  affected ;  it  is  also  in- 

It  is  Siso  plain  that  they  correspond  fiuenced  by  the  inclination  of  the  ecliptic 

nowhere  else.    The  sun's  distance  from  to  the  equator.    The  motion  of  rotation 

the  earth  continually   decreases  from  of  the  heavens  is  uniform ;  and  conse- 

apogee  to  perigee,  and  his  angular  velo-  quently,  if  we  suppose  another  fictitious 

city  continually  increases    during   the  body,  Sg,  to  be  at  the  point  cp  at  the 

same  period.    It  is  evident  then  uat  as  same  time  with  the  supposed  body  S,  to 
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move  uniformly  Eastward  in  the  equa- 
tor»  and  to  pass  completely  round  the 
heavens  in  that  circle  in  the  course  of 
a  solar  year,  as  this  body  will  every 
day  have  moved  Eastward  by  an  equal 
portion,  it  will  always  come  to  the  meri- 
dian later  by  an  equal  period  than  the 
point  which  it  occupied  on  the  preceding 
day;  and  as  this  point  returns  to  the 
meridian  in  a  sidereal  day,  which  we 
have  seen  to  be  always  of  the  same 
length,  and  the  excess  of  time  above 
this  sidereal  day  before  Si  returns  to  the 
meridian  is  also  equal,  the  intervals  be- 
tween the  successive  arrivals  of  St  on 
the  meridian  are  themselves  equal ;  and 
each  of  them,  as  Sg  performs  its  whole 
revolution  in  a  solar  year,  must  be  equal 
to  a  mean  solar  day.  We  now  then 
have  two  fictitious  bodies,  Si  and  Ss, 
each  moving  uniformly,  the  first  in  the 
ecliptic,  the  second  in  the  equator ;  and, 
as  these  circles  are  equal,  the  actual 
motions  of  each  are  equal.  Still  we 
have  to  inquire  whether  their  periods  of 
arriving  at  the  meridian  are  the  same. 
For  this  purpose  let  us  suppose  (in 
fig.  6)  that  P  represents  the  pole  of  the 
heavens,  cp  Y=Qi  half  the  equator,  cyo  Z  :5b 
half  the  ecliptic,  (for  these  circles  bisect 
each  other  in  the  points  cp  and  =i^,)  and 
let  Y  and  Z  be  the  points  of  bisection  of 
the  arcs  cfiY  zC^,  cyo  Z  :£i=,  respectively. 
Each  of  the  arcs,  cpY,cf>Z,  therefore 
is  90°,  or  they  are  equal ;  and,  conse- 
quently, the  fictitious  bodies.  Si  and  Ss, 
which  were  together  at  cp,  and  whose 


rates  of  motion  are  equal,  would  arrive 
at  the  same  time  at  Z  and  Y.  Besides 
this,  each  of  the  arcs,  cya  Y,  cp  Z,  being 
90°,  the  angles  cya  Z  Y,  cya  Y  Z  (by  a  well- 
known  property  of  the  sphere)  are  each 


90°  also*,  or  Z  Y,  the  arc  of  a  great  cir- 
cle which  joins  the  points  Z  Y,  is  per- 
pendicular to  the  equator  op  Y  at  Y,  and 
therefore  is  part  of  a  meridian,  P  Z  Y, 
passing  through  those  points.  Z  there- 
fore, being  a  point  upon  the  same  meri- 
dian as  Y,  comes  upon  the  meridian  of 
the  place  at  the  same  time  with  Y,  and, 
as  the  bodies  Si  and  Ss  are  at  Z  and  Y 
at  the  same  time,  they  will  Uiere  come 
on  the. meridian  of  the  place  together. 
But  Z,  being  the  middle  point  of  the  arc 
cpZ^,  is  the  sun's  place  when  in  the 
tropic. 

From  the  time  when  the  body  Si  leaves 
the  point  cp,  until  its  arrival  at  Z, 
we  shall  find  that  it  will  always  come 
upon  the  meridian  of  the  place  before 
Sa.  To  show  this,  let  Si  represent  any 
intermediate  position  of  that  body,  and 
let  P  Si «  be  a  meridian  drawn  through 
it ;  of  course  therefore  the  points  Si,«, 
come  upon  the  meridian  oi  the  place 
together.  If  therefore  s  be  the  place  of 
the  supposed  body  St  at  that  time,  the 
bodies  S  i,S  t.  will  then  come  on  the  meri- 
dian of  the  place  together;  but  if  the 
body  St  have  advanced  beyond  the  point 
«,  then  St  will  come  on  the  meridian  of 
the  place  later  than  s^  and  consequently 
than  Si,  for 8  and  Sj  arrive  there  toge- 
ther. But  the  actual  motion  of  St  is 
equal  to  that  of  Si,  or  to  op  Si.  When- 
ever therefore  op  Si  is  greater  than  op  g, 
the  body  St  is  more  advanced  than  the 
point  s,  or  comes  on  the  meridian  later 
than  Si.  Now  it  is  a  general  property 
of  all  spherical  triangles,  as  well  as  plane 
ones,  that  the  greater  side  is  opposite  to 
the  greater  angle ;  and  in  the  spherical 
triangle  Si  op  «,  as  long  as  tne  side 
ops  IS  less  than  90°  or  thancysY,  the 
right  angle  Si  «  cys  is  greater  than  the 
angle  op  Si  *.t  Until  S,  and  S%  there- 
fore arrive  at  the  points  Z,Y,  cyD  Si,  which 
is  opposite  to  the  right  angle  op  s  Si,  is 
always  greater  than  ops,  and  eonse- 

•  [The  arcs  CyD  Z,  CyD  Y,  being  each  DO®,  the  point 
Op  is  the  pole  of  the  circle  Z  Y,  and  consequently 
the  arcs  Op  Z,  cys  Y,  are  secondaries  to  Z  Y,  or  per- 
pendicular to  it.] 

t  [Cos.cyD  S»  «=sin.St  Cy3 1,  co%.op  «,  by  Napier's 
rules.  Whenerer,  therefore,  CyD  «  is  less  than  90<=>, 
or  at  aU  points  between  Cy3  and  Z  or  Y,  cos.  optin 
p08itlve,and  consequently  cos.cyo  S^tlu  soUlcewise, 
orCy3S.«  is  less  than  90°;  for  the  other  factor, 
sin.  S.  cyo  ».  is  nositive,  since  Si  cyD  *  is  23°  28'. 
When  CyD  « is  90°,  or  =  CyD  Y,  cos.  CyD  i  =  0,  conse- 
quently COS.  Cy3S,«=0,orCyD8i*  (in  this  case  Cy3 
Z  Y)  =  90°,  as  we  have  already  seen.  When  Op  « 
]«  greater  than  90°,  cos.  Cy3  s  is  negative;  therefore 
COS.  CyD  S,  s  is  so,  or  CyD  St «  is  greater  than  90°  or 
than  op  s  9 It  and  consequently  Cy3  S^  is  less  than 
Cp$f  or  the  body  S,  comes  later  on  the  meridian 
than  8  a,  as  is  afterwards  independently  shown  in 
the  text.] 
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quently  Si  always  comes  to  the  meridian 
afler  Si  in  the  course  of  their  passage 
fromcyo  to  the  points  Y  and  Z,  or  during 
the  sun*s  pasnige  from  the  equinox  to 
the  tropic. 

In  passings  from  Z  and  Y  to  the  other 
equinox  ^  the  result  will  be  exactly 
contrary :  for  in  this  case,  exactly  in  the 
same  manner  as  in  the  other,  if  a  me- 
ridian be  drawn  through  the  sun's  place 
on  any  day,  the  arc  of  the  equator  in- 
tercepted between  it  and  the  equinox 
wiU  be  less  than  that  of  the  ecliptic  so 
intercepted ;  and  consequently,  the  point 
of  the  equator  which  comes  on  the  meri- 
dian of  the  place  at  the  same  time  with  Si 
will  be  nearer  than  Si ,  and  consequently 
than  S  f,  to  the  equinox,  towards  which 
the  bodies  are  moving.  The  interval 
of  time  therefore  between  the  arrival 
of  Ss  and  the  point  ^  on  the  meridian 
of  the  place,  will  be  greater  than  that 
between  the  arrival  of  Si  and  the  point 
^  there ;  and  as  ^  comes  on  the  me- 
ridian of  the  place  after  them,  of  course 
St  which  precedes  it  by  the  longer  in- 
terval, will  arrive  there  before  S  i.  We 
see  then  that  in  proceeding  from  the 
tropic  to  the  equinox,  Ss  always  comes 
on  the  meridian  of  the  place  before 
S 1.  The  same  conclusions  may  be 
deduced  in  exactly  the  same  way  for 
the  remaining  two  quadrants  of  the 
ecliptic  and  equator :  and  we  draw 
llie  general  conclusion,  that  when  the 
sun  is  either  at  an  equinox  or  a  tropic, 
8i  and  St  come  on  the  meridian  of  the 
place  together:  but  that  while  he  is 
moving  from  equinox  to  tropic,  Si  is 
always  earlier  on   the  meridian  of  the 

glace  than  Ss ,  and  always  later  while 
e  is  moving  from  tropic  to  equinox. 
It  is  further  found,  by  a  process  of 
computation  sufficiently  easy,  and  the 
details  of  which  will  be  found  in  the 
note*,  that  the  difference  between  the 
times  of  the  appearance  of  Si  and  Si  on 

*  [It  Is  of  tome  importance  to  investigate  the 
ratio  which  the  motion  lu  right  ascension  bears 
to  the  motion  in  lonsltude  at  different  periods. 

For  this  purpose,  let  S^  T^  represent  the  motion 
in  longitude  for  a  very  short  period,  and  let  P  T,V/ 
be  a  meridian  passing  through  T.  and  9|  V,  an 
arc  of  a  small  circle  parallel  to  the  equator.  Of 
course  «  f  is  the  difference  of  right  ascension  cor- 
responding  to  the  difference  of  longitude  SiT,. 
Now  the  motion  of  S  t  is  entirely  in  right  ascen- 
sion and  uniform  j  and  whenever  the  effect  of  the 
motion  Sj  T|  on  the  right  ascension  is  equal  to  the 
uniform  motion  in  right  ascension  of  Ss,  then,  at 
whatever  distance  the  point  s  was  from  the  cor. 
responding  situation  of  S9,  the  point  t  will  be  at 
the  same  distance  from  the  situation  of  Ss  cor. 
responding  to  itj  and  they  will  gain  or  lose  on  83 
M  the  effect  of  the  motion  S^  T^  estimated  In  right 
ascension,  Is  greater  or  let*  tbto  the  ualform  IDO- 
ttoaofStiOrore^. 


the  meridian  of  the  place  continually 
increases  from  the  equinox  or  tropic  till 


Taking  then  S^Tl  to  represent  thia  uniform 
motion— 

»t  (the  effect  In  right  ascension)  = — '-^- .J^^^ 
■  co8.St« they  are 

similar  arcs  of  parallel  circles,  of 

which  the  radii  are  to  each  other 

•8  1 :  COS.  S^M.) 

S|T,.sIn.S,T,V,-     ^.  ,,  ^  , 

—  -i— I . — !__!_  (for  the  very  small  trl- 

cos.  81 « 

angle  Si  Ti  V,  may  be  considered 
as  a  plane  triangle,  and  the  angle 
8|  V  T(  is  a  right  angle.)    ' 

S^TiSin.CyDS.*  ,,     ,^         ,     ,s^c 
sE-i— i — -r — '   (for  the  angles  qp  8 ,«, 
cos.  SiS 

CpT^Vasthe  meridians,  P«|P< 
are  very  close  to  each  other,  may 
be  considered  as  equal.) 

But  cos.  SiCY3«=ain.CjpSi«  cos.  S^s,  or  sln.Cy3S| «» 
'       J  and,  coDsequently,  ti=S^Ti ' — 


cos.  S|  9 

ens.  obljquity  of  ecliptic 


cos'.StS 
,  a  quantity  which 


cosf.  declination 

contlnaally  increases,  as  the  declination  does  so. 

At  the  equinox,  cos*  declination  =  1,  and  tiss 
81  T|  cos.  obliqnity  of  the  ecliptic. 

At  the  solstice,  the  declination  =  the  obliquity 
of  the  ecliptic :  and  then,  therefore, 

'   «  _  a  T>     COS.  obliquity  of  the  ecliptic   __ 

'*  '    *    cos«.  obliquity  of  the  ecliptic  " 

8,T| 


COS.  obliquity  of  the  ecliptic. 
To  find  the  point  where  the  effect  of  the  motion 
of  Si  in  right  ascension  is  equal  to  the  motion  of  84 
itself,  or  «/  s=  Si  Ti  we  have  this  equation — 

m  -.  Q  T>     go*'  ohliquity  of  ecliptic     ^ 
S.Ti-S»Ti.       eo8».  declination 
or  coa*.  declinaUon  «  cos.  obliquity  of  ecliptic  •■ 
cos.  23°  28'. 

Hence  log.coi.declination«>  '^  (10+log.cos.28°280 


19.9625076 
•2 


>m  9.9812&38 


tan.  Si« 
'tau.Siqps 


or  declination  -  16°  42^  49''. 

Again,  aln.Cyo  ««»  cot.Si  cy^stan.  Sl«« 

tan.  declination 
""    tan.  obliquity 

**.log.  sin  cyD  9  =10+Iog.  tan.  deci.  -  log.  tan.  obi. 
10  +  log.  tan.  16°  42'40''  -  log. tan. 

-  19.4;76'l 98 -'9.6376106-  9.8399093 
and  CyD  «  -»  43°  46'  49*". 
Again,  COR.  Cf)S^^  cos.  Cp  »  cos.  B^m 
or  log.  cos.  cys  S|  —  log.  cos.CyO  8  +  log.  cos.  declina- 
tion—lU 

-=  log.  COS.  4S.°  45' 49^"+  log.  cos.  16°  42  "49  - 10 
«  9.8686563  +  9.9812538  -  10«  9.8399101 
or  Cyo  S,  -  46°  14'  10". 

The  difference,   therefore,  between  CyO  Si  and 
Cy3  *,  at  this  time  -=  46^  14'  10"  -  43°  45' 49*" 
-=  2°  28'  20*"  In  space, 
or  9m.  53is.  in  time. 
This  is  evidently  the  greatest  difference  which 
can  be  thus  occasioned;  for  from  the  equinox 
until  this  point,  the  effect  of  the  motion  in  right 
ascension  is  always  less  than  the  actual  motion, 
and  the  difference  Is  therefore  continually  accu- 
mulating up  to  this  period :  {torn  this  period  on- 
wards to  the  solstice,  the  effect  of  the  motion  in 
right  ascension  Is  continually  greater  than  the 
actual  motion,  and  the  difference  therefore  con* 
ilnTwUy  dlminlshiog-] 
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Si  has  moved  through  ahout  half  the  apparent,  or  the  clock  before  the  nun : 

quadrant  (more  correctly  till  Si  is  4 6^  14'  and  as  a  few  days  before  it  was  later, 

1 0''  from  the  equinox),  and  then  dimi-  and  all  the  changes  are  gradual  and 

nishes  till  Si  arrives  at  .the  tropic  or  continuous,  there  must  have  been  some 

equinox  towards  which  it  is  moving,  intermediate  instant  when  S  and  Sc  were 

and  that  the  greatest  difference  in  time  on  the  meridian  together,  or  the  mean 

thus  occasion^  is  about  9*°  53^  •  and  apparent  time   coincided,   or   the 

We  have  thus  two  sources  of  in-  equation  of  time  was  nothing.  This 
equality ;  one  arising  from  the  unequal  would  be  on  December  24  th,  1829 ;  and 
motion  of  the  sun  in  his  orbit,  the  other  from  that  time  till  the  perigee,  the  mean 
from  the  inclination  of  that  orbit  to  the  would  be  earlier  than  the  apparent  time, 
equator.  To  ascertain  how  the  time  or  the  clock  before  the  sun.  From  the 
at  which  S  comes  to  the  meridian  of  the  perigee  onwards.  Si  is  continually  less 
place,  or  the  true  solar  time,  differs  from  advanced  than  S ;  and  from  the  solstice 
that  at  which  Ss  comes  to  the  same  me-  to  the  equinox  S^  is  continually  less 
ridian,  or  the  mean  solar  time,  we  must  advanced  than  Si.  On  both  accounts 
combine  the  two.  To  see  how  this  com-  therefore,  during  the  whole  period  from 
bination  is  to  be  effected,  let  us  beg^  the  perigee  to  the  vernal  equinox  S%  is 
from  the  winter  solstice,  and  examme  less  advanced  thaH  S,  or  the  mean  solar 
what  will  be  the  relative  positions  of  S  time  is  earlier  than  the  apparent,  or  the 
and  Sfifor  the  year:  the  difference  in  dock  is  before  the  sun.  After  the  vernal 
time  between  the  instants  of  their  being  equinox  until  the  apogee,  S  continues 
on  the  meridian  b  called  ihe  equation  of  more  advanced  than  Si ;  but  from  the 
time^t  being  the  difference  between  the  equinox  to  the  solstice  Si  is  more  ad- 
actual  time  of  the  8un*s  being  on  the  meri-  vanced  also  than  Si :  when  therefore 
dian  and  the  beginning  of  the  mean  these  differences  are  equal,  the  equation 
solar  day  t.  The  sun  is  m  perigee  about  of  time  becomes  nothing.  Now,  the 
the  30th  of  December.  We  have  already  greatest  difference  in  time  between  the 
seen,  that  in  passing  from  apogee  to  approach  of  S  and  Si  to  the  meridian 
perigee,  Si  is  always  more  advanced,  or  never  amounts  to  more  than  8"^  24, ;  the 
comes  later  on  the  meridian,  than  S :  greatest  difference  l)etween  the  appro^h 
and  consequently,  at  the  winter  solstice,  of  Si  and  Sa  to  the  meridian  is  of  about 
which  is  a  little  before  the  sun  comes  to  9">  53' ,  and  takes  place  a  little  more 
perigee.  Si  is  more  advanced  than  S.  than  halfway  between  the  equinox  and 
but  at  the  solstices  Si  and  Si  come  on  the  solstice,  or  about  May  8th.  By  May 
the  meridian  together,  and  consequently,  8  th  therefore,  the  difference  between 
Sg  is  then  also  more  advanced  than  S,  Si  and  Si  has  become  greater  than  that 
or  the  mean  solar  time  is  later  than  between  S  and  Si ,  having  been  less  at 
the  apparent,  or  the  sun  is  on  the  the  equinox,  and  between  these  times 
meridian  before  noon  by  the  clock,  the  differences  must  have  been  equal, 
or  the  clock  is  after  the  sun.  From  or  S  and  Si  must  have  been  on  the  me« 
the  solstice  to  the  equinox  Si  conti-  ridian  together,  or  the  equation  of  time 
nually  is  less  advanced  than  Si ,  but  must  have  been  nothing.  In  point  of 
at  perigee.  Si  and  S  coincide,  therefore  fact,  it  is  so  on  April  15th,  1830.  After 
at  perigee  Si  is  less  advanced  than  S,  or  this  time,  Si  and  S  are  both  more  ad- 
the  mean  solar  time  is  earlier  than  the  vanced  than  Si ,  but  Si  more  so  than  S ; 
or  Si  is  more  advanced  than  S,  or  the 

•  The  cquaUon  of  time  i«  only  registered  from  mean  time  later  than  the  apparent,  or 

bZh^ur '.ppMS.'wUh  eteS?,iS*»«""".h^  the  dock  after  the  sun.    At  the  sammer 

difference  of  time  between  the  Instants  of  their  SOlstlCC    hOWCVCr,   0    and   Si  are   agam 

arrival  at  any  given  distance  from  the  meridian,  together  ;  but  the  apOgCe  doCS  UOt  take 

It  is  plain  that  this  is  correctly  an  eotMi/ion,  being  i®  ^    ^mi     «£i^       ^.w^     ....^...^^    .^i^.!:.. 

the  difference  ofthe  real  and  mean  times  of  the  oc-  Pl^C®    till     after     the     SUmmCr    SOlStlCe 

cnrrence  of  a  particular  event.  (on  June  30th),  therefore  S  Continues 

t  The  mean  solar  day  is  considered,  for  astro-  mow*  fi/1vflnpi>d  than  St      or   at  the  «!iim 

nomlcal  purposes,  to  begin  when  Sj  Is  on  the  me-  "'"'®  aavanceainan  Oi  ,  or,  RI  ine  sum- 

ridian,  or  at  noon.    The  period  of  iu  commence-  mer    solstice,  S,  Whicn  On    April  16th 

ment  may  of  course  be  arbitrarily  fixed,  and  for  ^as  leSS  advanced  than  Si ,  has  bccOme 

Bstronooiical  purposes  this  is  the  roost  convenient}  .^    „^j  au^^  „,:ii  xk™*-^ u^ 

for  civil  purposes  that  Is  the  most  convenient  more  SO,  and  there  Will  therefore  have 

which  includes  all  the  active  period  of  day.iight  been  an  instant  whcu  they  Came  on  the 

within  one  day,  and  the  civli  day,  therefore,  begins  mpridian  tocether    and  th^  pnimtinn  nf 

at  midnight,  when  the  sun  is  on  the  meridian  be-  ™e"a«^  lOgetner,  anoine  equauon  Ot 

low  the  horizon,  or  midway  between  his  setting  time    was    notning.        fhlS  IS   On  June 

and  rising.     Each  astronomical  day,  therefore,  15th,     1830.      From   that   time    tO    the 

contains  the  last  twelve  hours  of  one,  and  the  am  „„i.4?        ;*  •     «i^«^  4U«4  a  ia  ^^^^  ^a 

twelve  of  the  next,  ci?u  day.  Bolstioe,  it  IS  Clear  that  o  18  more  ad- 

D  2 
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vanced  than  S| ,  or  the  apparent  later  and  whether  the  apogee  and  perigee  be 
than  the  mean  time,  or  the  clock  before  or  be  not  fixed  points.  As  far  also  as 
the  sun.  From  the  solstice  to  the  au-  the  magnitude  of  the  equation  is  con- 
tumnal  equinox.  Si  is  continually  more  cemed,  it  is  evident  that  any  variation 
advanced  than  St ,  but  until  the  apogee  in  the  inclination  of  the  ecliptic  to  the 
S  is  more  advanced  than  Si ,  and  of  equator  would  affect  it ;  for  the  angle 
course,  than  Ss :  for  this  period  there-  c^fii  *  (m/lg,  6),  and  the  declination  of 
fore,  the  apparent  time  is  later  than  the  the  sun  at  any  point  of  the  ecliptic, 
mean  time,  or  the  clock  before  the  sun.  would  both  be  aftected  by  this  change ; 
After  the  apogee  however,  S  is  conti-  and  both  these  quantities  are  involved  in 
nually  less  advanced  than  Si ,  and  as  at  the  solution  of  that  part  of  the  question 
the  autumnal  equinox  Si  and  Si  are  to-  which  arises  from  the  notion  of  the  sun 
gether,  S,  which  at  the  apogee  was  more  in  a  plane  inclined  to  the  equator, 
advanced  than  Sa ,  has  then  become  less  In  point  of  fact,  it  is  found  that  the 
so,  and  there  has  been  some  intervening  inclination  of  the  ecliptic  and  equator 
instant  at  which  S  and  Ss  have  come  on  does  undergo  some  slight  variation, 
the  meridian  together,  or  the  equation  This  is  not  sufficient  to  produce  any 
of  time  has  been  nothing.  This  is  on  material  alteration  in  the  results,  or  to 
September  1st,  1830;  and  from  that  call  for  more  extended  notice  here ;  but 
time  to  the  equinox  S  is  less  advanced  it  furnishes  one  reason  why  the  results 
than  Ss ,  and  tne  apparent  is  earlier  than  obtained  for  the  equation  of  time  cannot, 
the  mean  time,  or  tne  clock  is  after  the  as  far  as  their  numerical  values  are  con- 
sun.  After  the  equinox,  until  the  cemed,  apply  accurately,  except  to  the 
winter  solstice,  the  sun  is  still  moving  particular  periods  for  which  they  are 
from  apogee  towards  perigee,  and  S  is  computed.  The  other  considerations 
consequently  less  advanced  than  Si ,  and  are  more  important  in  themselves,  and 
in  the  interval  between  equinox  and  will  deserve  separate  consideration, 
solstice,  Si  is  also  less  advanced  than  St :  They  are  also  of  practical  importance, 
on  both  accounts  therefore  S  is  less  ad-  as  connected  with  the  division  of  time 
vanced,  during  this  whole  period,  than  Sg,  into  longer  periods  than  we  have  yet 
or  the  apparent  time  is  earlier  than  the  used,  except  m  a  loose  and  popular  way 
mean  time,  or  the  clock  after  the  sun.  of  speaking.  Our  next  section  there- 
We  have  now  gone  through  the  year,  fore  will  treat  of  the  precession  of  ike 
and  we  may  collect  our  results  thus :  equinoxes,  and  the  progression  of  the 
that  in  the  course  of  the  year  there  are  apogee ;  the  following  one  of  the  length 
four  days,  and  onlv  four,  namely,  De-  of  the  year,  and  the  consequent  cor- 
cember  24th,  April  15th,  June  15th,  and  rections  and  adjustment  of  the  calendar. 
Sept.  1st,  when  the  apparent  and  •  ^  t  »  • 
mean  time  are  the  same,  or  the  equation  Section  8. — Precession  of  the  Equi- 
of  time  is  nothing:  and  that  in  the  in-  noxes  produced  by  the  retrograde 
terval  between  the  first  and  second  of  motion  of  the  Equator  on  the  EcHp- 
these,  and  again  in  that  between  the  tic  ^Effects  on  the  longitude,  lati" 
third  and  fourth,  the  apparent  is  always  tude,  declination,  and  right  ascen- 
later  than  the  mean  time,  or  the  clock  «o»  of  the  Heavenly  Bodies—Pro- 
before  the  sun :  and  that  between  the  gressive  motion  of  the  Sun's  apogee 
second  and  third,  and  again  between  the  and  perigee. 

fourth  and  first,  the  apparent  is  alway/  i^  speaking  of  the  mode  of  ascertain- 
earlier  than  the  mean  time,  or  the  ing  the  declination  of  a  heavenly  body, 
clock  after  the  sun.  These  results  cor-  ^e  have  only  referred  to  observations 
respond  with  those  in  the  common  tables  made  on  the  meridian.  And  they  are 
of  the  equation  of  time.  the  best  adapted  to  that  purpose  ge- 
lt is  also  evident,  from  the  manner  in  nerally ;  it  may,  however,  also  be  com- 
which  these  results  have  been  deduced,  puted  from  the  altitude  and  azimuth* 
that  they  depend  entirely  on  the  relative  of  the  object  when  observed  out  of 
positions  of  the  apogee,  and  of  the  equi-  the  meridian.  But  when  we  take  the  case 

noxes.    If  these  are  fixed  points,  or  hold    

always  the  same  relative  position,  the  •  The  aximuih  or  a  bodf  is  the  arc  of  the  ho. 

results  we  have  obtained  WUl  serve  alike  'J'on  intercepted  betireen  the  meridian  and  a  ver- 

«'rx«  n^Awtr  iTAow.  :f  fUr....   . *u«  « t.:^^  tical  circle  paasInK  through  the  body.  The  aituation 

for  every  year :  if  they  vary,  the  equation  of  a  body  with  reapect  to  a  particular  place  on  the 

of  time  will    vary  also  ;    and  this   con-  earth,  ts  determined  by  its  altitude  and  azimuth, 

sideration  leads  us  to  inquire  whether  ir."i!utu™?Ad?/.u''d«i{S.t„^^^^ 

there  be  any  motion  of  the  equinoxes,  iaeeiuko  arbr<*i>*utu<ieudioagitttde. 
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of  a  body  whose  dedination,  like  that  of  ffistered,  or  obtained  by  computation 
the  sun,  continually  varies,  it  is  clear  that  From  the  corresponding  rkht  ascen- 
we  cannot  be  sure  of  ascertaining  the  sions  and  declinations.  The  same 
time  at  which  his  declination  is  of  any  process  may  be  gone  through  at  a  sub- 
given  value  bv  observations  on  the  sequent  time.  If  this  be  done,  we 
meridian ;  for  he  is  upon  the  meridian  shall  find  the  right  ascensions  and 
and  above  the  horizon,  only  for  one  in-  declinations  of  all  stars  altered,  but  in 
stant  (or  in  some  cases  two),  in  twenty-  various  manners  and  degrees,  the  lati- 
four  hours ;  and  there  is  no  greater  tude  of  all  remaining  very  nearly  the 
likelihood  that  his  declination  wiU  then  same,  and  the  longitude  of  all  increased 
be  that  concerning  which  we  inquire,  by  very  nearly  the  same  quantity.  We 
than  at  any  other  mstant  in  that  time,  shall  also  find  thatthe  different  stars  keep 
Nor  can  we  even  be  sure  of  ascertain-  the  same  position  with  respect  to  each 
ing  the  required  time  by  the  means  other ;  they  continue  at  the  same  dis- 
mentioned  at  thebeginning  of  this  section,  tance  from,  and  make  the  same  angles 
for  he  may  attain  the  required  declina-  with,  each  other.  The  alteration  there- 
tion  while  he  is  below  the  horizon,  and  fore  in  their  right  ascensions,  &c.  of 
then  no  direct  observation  can  be  made,  which  we  have  spoken,  does  not  proceed 
We  are  not  however  without  the  means  from  any  motion  among  themselves ;  it 
of  ascertaining  the  required  period.  The  must  proceed  from  some  alteration  in 
sun*s  change  of  declination,  although  some  of  the  arbitrarily  assumed  points 
very  different  in  amount  at  different  or  lines  from  which  these  elements  are 
periods  of  his  course,  may  with  little  error  measured,  and  by  which  they  are  esti- 
De  considered  as  uniform  during  the  small  mated.  And  these  are  the  equinoxes, 
space  of  twenty-four  hours ;  and  we  and  the  equator  and  ^iptic. 
consequently  have  the  means,  by  obser-  Let  us  first  take  the  simpler  class  of 
vations  made  on  the  meridian  on  two  phenomena.  We  have  already  stated 
successive  days,  of  computins;  his  de-  that  the  longitude  of  every  heavenly 
clination  at  particular  times  in  the  in-  Ixxiy  is  increased  by  the  same  quantity, 
terval  between  thein.  Thus,  if  at  noon  and  that  their  latitude  is  not  affected, 
on  September  20th  the  sun's  declination  This  would  evidently  be  the  case  if  the 
were  1 1'  North,  and  at  no6n  on  the  position  of  the  ecliptic  itself  continued 
foUowingday  13' South,  we  might  safely  unaltered,  but  the  point  from  which 
estimate  his  change  of  declination  at  1^  arcs  are  measured  along  it  were  re- 
hourly  (the  whole  mfference  in  the  twenty-  moved  backward ;  for  the  latitude,  being 
four  hours  being  of  24') ;  and  we  should  the  perpendicular  distance  between  the 
therefore  say,  that  at  six  o'clock  in  the  star  and  the  fixed  circle,  remains  the  very 
evening  of  September  20th,  his  decli-  same  arc,  the  longitude,  beine  the  dis- 
nation  was  5'  North ;  and  that  it  was  tance  from  the  same  point  (tne  inter- 
nothing,  or  that  the  equinox  took  place,  section  of  the  secondary  passing  through 
at  eleven  o'clock  on  the  same  evening,  the  star  with  the  ecliptic)  to  the  arbitrary 
For  purposes  of  greater  accuracy,  there  standard  whence  the  measurement  is 
are  easy  means  of  making  the  same  com-  taken,  is  increased  exactly  as  much  as 
putations,  allowing  for  the  variation  of  that  standard  is  removed.  The  longitude 
the  rate  of  tiie  sun's  change  of  decli-  and  latitude  therefore  are  affected  as 
nation.  '  they  would  be  if  the  ecliptic  remained 
Having  thus  the  means  of  ascertain-  unmoved  itself,  but  the  first  point  of 
ing  the  time  at  which  the  sun  is  at  any  Aries  receded  upon  it. 
particular  declination,  and  consequently.  The  first  point  of  Aries  however  is 
among  others,  the  time  of  the  ecjuinox,  the  intersection  of  the  ecliptic  with  the 
we  find,  especially  by  comparing  to-  equator:  and  if  this  is  moved,  while  the 
gether  the  observations  made  at  distant  ecliptic  remains  stationary,  it  can  only 
times,  that  when  the  sun  now  comes  to  be  so  by  moving  the  whole  circle  of  the 
the  meridian  at  the  equinoxes,  the  same  ec[uator.  The  inclination  of  one  of  these 
stars  are  not  on  the  meridian  which  for-  circles  to  the  other  is  always  found  to  be 
merly  were  so  when  he  came  thither  at  very  nearly  the  same :  the  distance  of 
that  part  of  his  annual  course.  The  their  poles  is  always  equal  to  the  incli- 
positionofthe  equinox  being  ascertained  nation,  and  it  therefore  is  always  the 
at  a  particular  time,  a  catalogue  of  stars  same.  If  then  the  equinox  moves 
can  be  formed,  and  their  right  ascensions  backwards  gradually,  the  equator  is  con- 
and  declinations  registered.  Their  Ion-  tinually  changing  its  position ;  its  pole 
gitudes  and  latitudes  may  also  be  re-  herefore  is  continually  moving,  but  still 
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always  at  the  same  distance  from  that  of  simple  (o  require  such  illustration,  and 

the  ecliptic ;  and  consequently  the  pole  the  fig:ure  would  he  inconteniently  com- 

of  the  equator  would  describe  a  circle  plicated  by  the  introduction  of  the  circles 

or  part  of  a  circle  about  Uiat  of  the  relating  to  them, 

ecliptic.     The   position   of  any  given  Let  cyo^T  (in /^.  S^)  represent  one  po- 

star  continuing  fixed,  the  line  of  the  sition  of  the  equator,  op*  t'  T'  another  at 

secondaiy  to  ue  equator  which  ^passes  some  considerable  distance  of  time,  and 

through  it  would  vary,  for  it  passes  let  P  &  F  be  the  corresponding  positions 

through  the  star  and  the  pole  of  the  p^g^  7^ 
equator,  and  this  latter  point  has  changed 
its  position ;  the  position  of  the  equator 
itsdf  would  vary  also,  and  so  also  would 
that  of  the  first  point  of  Aries.  The  de- 
clination therefore  would  vary ;  forjthe 
pole  of  the  equator,  moving  while  the 
star  continued  fixed,  would  generally 
approach  towards  or  recede  from  it ; 
and  the  North  polar  distance  being  thus 
altered,  and  the  North  polar  distance 
and  the  declination  together  making  901^, 
the  declination  would  vary  also.  This 
variation  also  would  be  dimerent  for  dif- 
ferent stars ;  for  the  same  motion  which 

brings  the  pole  nearer  to  some  carries  it  of  the  pole.    Let  8  and  9  be  any  two 

further  from  others ;  and  this  at  a  dif-  stars,  and  through  S  draw  P  S  T,  F  S  P 

ferent  rate,  as  its  motion  is  directly  to-  secondaries  to  the  first  and  second  posi- 

wards  or  from  the  star,  or  oblique  with  tions  of  the  equator  respectively ;  and  in 

respect  to  it    In  the  same  manner  the  like  manner  r «  /,  F  «  P,  through  «.    It 

right  ascension  of  different  stars  would  is  evident  that  S  T,  cyo  T,  represent  the 

be  differently  affected.    All  would  have  declination  and  right  ascension  of  the 

a  certain  effect  produced  on  them  by  the  star  8,  when  the  equator  is  in  the  po- 

alteration  of  the  point  from  which  the  sition  cp*T,  and  that  ST',  qo' T',  repre- 

measurement  is  taken :  but  this  would  sent  them  when  the  equator  is  in  the 

not  be  the  only  cause  of  alteration.    The  position  cyo'  if  V,    In  the  same  manner, 

right  ascension  is  the  distance  from  the  v  /,  cy^  /,  are  the  declination  and  right  as- 

first  point  of  Aries  to  the  intersection  with  cension  of  the  star  s  in  the  first  position 

the  equator  of  a  secondary  to  that  circle  of  the  equator ;  sf^cpf  if,  in  the  second, 

passing  through  the  star.    As  these  se-  If  S  V  l)e  taken  equal  to  S  P,  and  s  v 

condanes  all  pass  through  the  pole  of  ecjual  to  «F,  it  is  evident  from  inspec- 

the  eauator,  the  old  and  new  secondaries  tion  of  the  figure  that  SV  is  less  tnan 

woula  intersect  each  other  at  the  star,  SF,  and  ^t?  than  « P.    In  the  former 

and  make  different  angles  with  each  case  therefore  the  new  North  polar  dis- 

other  in  the  case  of  different  stars,  as  tance  is  greater  than  the  old  one,  or  the  de- 

those  stars  are  situated  nearer  to  or  far-  dination  has  diminished :  in  the  latter  the 

ther  from  the  poles,  and  in  one  direction  new  North  polar  distance  is  less  than  the 

or  another  with  respect  to  them.    Inter-  old  one,  or  tne  declination  has  increased, 

secting  each  other  at  the  star,  the?  We  next  proceed  to  examine  the  va- 

would  diverge  after  they  passed  it,  ana,  riation  in   right  ascension.     For  this 

consequently,  even  if  the  angles  made  purpose  let  us  draw  through  qp,  the 

were  uie  same  in  two  different  instances,  former  position  of  the  equmox,  Fcya 

the  space  by  which  the  secondaries  would  X,  a  secondary  to  the  new  position  of 

have  separated  before  meeting  the  equa-  the  equator.     On    the    new  equator 

tor,  would  be  different  as  the  distance  of  therefore  the  right  ascension  of  cy^  is 

the  stars  from  that  circle,  or  the  decli-  cfi*  X,  and  the  right  ascensions  of  all  the 

nation,  differed.   The  variation  therefore  heavenly  bodies  are  increased  by  this 

of  right  ascension  would  be  different  on  quantity.    This  however  is  not  the  only 

all  these  accounts  in  different  stars.  These  variation .  The  remaining  portion  of  the 

different  results  and  variations  may  be  new  right  ascension,  XT,  orXf,  is  ol)- 

with  advantage  illustrated  by  a  figure,  as  viously  not  necessarily  equal  to  cyo  T,  or 

farjas  relates  to  the  right  ascensions  and  cyo  t.  In  the  figure  as  drawn  it  is  greater 

declinations.    The  positions  with  respect  in  each  case ;  it  may  in  other  positions 

to  the  longitude  and  latitude  are  too  of  the  star  be  lesa    But  in  every  case  it 
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is  evident  that  the  difTerence  between  vears ;  and  the  first  point  of  Aries  will 

them  will  depend  upon  the  magnitude  of  have  receded  through  the  whole  circle^ 

the  angle T  o  T'  or  is  if,  or,  which  is  the  and  consequently  will  return  to  its  pre* 

same  things,  on  that  of  the  angles  P  S  P^  sent   position  in  about   25868  years. 

P«P',  and  also  on  the  distance  of  S  and  This   retro^ade  motion  is  called,  on 

s  from  the  circles  ofitT,cp'tf  T'.   It  will  account  of  its  effects  on  the  time  of  the 

therefore  vary  for  every  star :  and  this  occurrence  of  the  equinox,  which  it  ae- 

is  all  which  we  are  here  desirous  of  celerates,  the  preceuion  of  the  equi- 

iUustrating.  *  noxee,  i.  e.,  their  going  forward. 

"We  have  thus  seen  generally  what  So  slow  an  alteration  may  seem  of 
would  be  the  nature  of  the  effect  pro«  little  importance,  except  in  a  very  long 
duced  bv  the  retrocession  of  the  equator  series  of  years.  In  a  science  however^ 
upon  the  ecliptic:  that  the  latitudes  where  none  except  the  most  accurate 
or  stars  would  remain  the  same ;  that  results  are  of  practical  value  and  im- 
their  longitudes  would  be  increased  unio  portance,  no  cause  of  error  is  to  be 
formly ;  that  their  declinations  would  be  neglected ;  and  especially  where,  as  in 
differently  affected,  some  bein^  increased,  the  present  case,  the  error  is  of  a  nature 
others  diminished,  and  this  m  unequal  continually  accumulating.  Thus  the  dif* 
amounts  and  proportions ;  and  that  the  ference  occasioned  in  the  equation  of 
right  ascensions  also,  although  with  time  by  this  alteration  of  the  position  of 
many  exceptions  (in  cases  where  the  the  equinox,  would  at  present  be  but 
quantityXT'isless  than  qpT,  and  their  slight,  and  generally  only  affect  the 
difference  exceeds  cyp'X)  would  generally  actual  numencal  value  of  that  correction 
increase,  but  at  difftsrent  rates  in  dif-  for  a  considerable  period ;  but  we  have 
ferent  cases*.  We  have  seen  also  that  already  seen  that  tne  nature  of  the  cor- 
these  phenomena  are  actually  observed  rection  is  mainly  dependent  on  the  rela* 
to  take  place;  and  we  thereiore  lay  it  tive  positions  ofthe  equinoxes  or  solstices 
down  as  an  established  fact,  that  while  and  the  sun's  apogee  or  perigee.  The 
the  ecliptic  continues  immoveable,  the  perigee  is  now  nearly  10°  more  advancedp 
equator  has  a  retrograde  motion  upon  or  has  10°  greater  longitude,  than  the 
it,  or  a  motion  from  left  to  right  in  winter  solstice:  in  the  year .1350,  it  coin- 
those  already  referred  to.  The  amount  cided  with  the  winter  solstice,  and  be- 
of  this,  subject  to  some  small  ine-  fore  that  time  it  preceded  it ;  the  com- 
qualities,  is  50".l  in  a  year;  that  is  bined  o{)eration  of  the  retrocession  of 
to  say,  the  first  point  of  Aries  recedes  the  equinox  on  the  ecliptic,  and  a  pro- 
annually  50".  1  upon  the  ecliptic:  the  gressive  motion  of  the  perigee  itself 
i-etrooession,  therefore,  is  1°  23'  30''  having  since  then  brought  them  into 
in  a  century,  or  a  degree  in  about  71^  their  present  relative  positions.  At 
those  times  therefore  the  equation  of 

•  It  is  not  deitrable  here  Co  introduce  tht  calcu-  time  WOUld   UOt    Only  differ   in    amOUnt 

ijtion.  on  which  the  resuiu  depend;  but  thcresuito  from  its  present  valucs,  but  the  Consider 

themselves  may  be  given  with  advantage.  The  pre-        ..  *^j«jj«41.  -j        j. 

ceMionindeciination  is  found  tobepoKitive,  that  it  ations  USed   lU  deaucmg  the  penOUS  at 

to  say,  the  declination  is  increased  by  the  effect  of  >K'hich  the  apparent  is  before  or  after  the 

precession,  wherever  the  right  ascension  ofthe  star  «_,„„_  4;«««   «f^iiM  «ViA«i0AliyA<i  Ai-fPo^ 

h  less  than  90°,  or  greater  tHan  270*'  j  the  precession  ^^'^  »™«».  WOUkI  thcmsel VCS  dljler. 
is  negative,  or  the  declination  is  diminished  when  The  motion  whlch  WC  have  JUSt  men- 

the  right  ascension  is  between  90°  and  270° :  it  is  f  ion«»H  in  PYwt  in  iho  nAvioPA    or  a.nnff«p 

nothl5g,or  the  declination  Isnot  affected  when  the  "™^  VL     .  f^^^'o^o  jP  P  * 

right  ascension  is  90°  or  270<>.    '1  he  angle  formed  (lOr  as  the  tWO  are  always   180"  distant 

by  a  secondary  to  the  equator  and  a  secondary  to  from   cach  Other,  they  must  mOVC  alike) 

'iSi:i'Z%j:'^p':;i:l;Lfir,'ti'''^'i.^.  -^  also  deduced  from  observation.     If 

cession  in  right  ascension  iaposiUve,  or  the  right  as-  the  Very  lUStaut   of  the    SUn'S    being  in 

cension  is  increased  wherever  the  angle  or  position  n^rxtr^^   nr  &nn<MiA  Amilil    he  readilv  de« 

Is  less  than  90°  ,  it  is  nothing,  when  that  angle  la  P«"?««   OT  apOgeC  COUlQ    DC  j-eamiy  OB* 

Oy'}  it  is  negative,  or  the  right  ascenalon  la  dimU  tcrmined,   thlS    motion  WOUld  easily   be 

oiahed,  when  that  angle  is  greater  uian  90°.  ascertained;  for  his  place  at  the  time 

v^Z  oT.he%*S*.'2?.teuI  .ToX'p^t  would  be  determined,  and  the  .'.Itenitiou 

sion  for  a  short  period.    The  effecU  of  preccaaion  of  that  place,  when  he  Was  next  in  the 

«f..r  lf-"5-!i.?nt'H'lf?  ™'i*L^!f**4?^  conjiderable,  ijkg  gjtuation,  WOuld  be   the  motion  re- 
must  be  deduced  from  computation  of  the  acca.  .  •••••«•         , 

mulated  effect*  of  these  minute  variations }  for  the  quired.  1  he  vanatlOnS  nOWeVCr  01  1118 
right  ascensions  being  continually  changed  by  the  apparent  diameter.  Or  of  his  angular 
effectufprecession,its  effect  on  declination,  ivh!ch  Jilti^^  u,,  ,„u;„u  «i«,««  ,„4»  ^on  ;m 
depends  on  them,  will  contltiually  change  also  ,  motlOn,  by  whlch  alOUC  WC  Can  inl- 
and the  pole  of  the  equator  changing  its  place,  the  mediately  estimate  those  of  his  dis- 
angle  of  position,  which  is  determined  by  it,  will  fftnce  Are  too  slow  to  aximit  of  anV 
vary  also,  and  thus  the  variation  of  right  ascension  i*"^^*    are    TOO    SlOW  10    aamit    oi    nuy 

wiuaiaoiueifbachangeabit.  Very  accurate  estimation  of  very  small 
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diflTerences.      The  time  required  may  estimateof  the  precession  of  the  equinox 

however  be  ascertained  within  certain  or  the  progression  of  Ihe  apogee  on 

limits ;  and  if  such  observations  be  taken  which  we  can  at  all  rely ;  for  the  motion 

at  great  intervals  of  time,  any  inac-  of  the  point  in  the  interval  between  the 

curacy  m  the  estimate  will  be  of  less  two  observations  will  be  less  than  the 

miportance.     There  are  however  better  probable  error  of  the  observations  them- 

methods  of  making  the   computation,  selves,  and  we  shall  be  unable  to  tell 

Ihe  pnnciple  on  which  they  depend  is  whether  the  difference  between  the  ob- 

very  simple.    We  have  seen  that  the  ra-  served  positions  is  the  effect  of  a  motion 

dius  vector  of  the  sun  describes  equal  in  the  object  observed,  or  merely  the 

SI?hf"r  ^"^"t?-  u'^^'u  ^""^  ^^^  "^"^7  '^sult  of  the  inaccuracy  of  observation. 

?h?fr      f^'^^Tr''*''^®'^'"?^?.*^!^"?''  If  however  there   be  any  continuing 

the  focus  of  an  ellipse,  so  as  to  divide  the  motion,  the  distance  between  the  places 

eUipse  into  two  equal  parts,  is  the  trans-  of  the  point  observed  will  be  increased 

I^y^.^'^"'  f     ^  'r"^  position  at  one  if  the  distance  between  the  times  of  ob- 

fhI^^S'•''^•^"^Jl''^^^o^l"^*^?''^"^^  serving  be  so;  and  it  may  therefore 

diLn^?  is  dis  antby  180°  from  1  s  po.  become  greater  than  the  amount  of  any 

?i!^\    K^^°*^*'"  ^^^^^'^^i' '  '^' ^^^^^^  probable    inaccuracy    of    observation. 
1  fi^o  jl^J^e  observed  at  any  two  points  tor  instance,  taking  the  case  of  precer. 
180  distant  from  each  other,  he  is  then  sion,  in  twelve  years  the  equinox  would 
at  the  two  extremities  of  a  hue  passing  have  receded  about  1 0',  a  quantity  much 
through  the  focus  of  the  ellipse,  and  the  greater  than  that  which  we  have  sup- 
portions  of  the  ellipse  on  each  side  of  posed  to  be  the  limit  of  the  errors  of 
i!!f  K°*l^"^*  ^  unequal,  unless  the  observation;  and  therefore,  from  ob- 
line  be  the  transverse  axis  which  passes  servations  made  at  this  interval  of  time, 
through  the  apogee  and  perigee.    If  the  we  should  be  able  to  pronounce  with 
portions  are  unequal,  his  time  of  passing  certainty    that    a    retrograde    motion 
ffr^^Tu      c     *^  ^"fq^^i  a^so  •  »f  the  existed.    Still  we  should  be  unable  to 
nmes.  therefore,  are  found  to  be  equal,  determine  its  amount  with  any  great 
ine  instant  of  observation  is  the  instant  accuracy.    Having  supposed  the  pro- 
of  his  being  m  perigee  or  apogee :  if  un-  bable  error  of  observation  to  be  i;  we 
equal.  It  is  not  so,  but  the  instant  of  his  could  not  say  whether  the  real  retro- 
being  in  pengee  or  apogee  may  be  ascer-  gression   might  not    be    either   9'  or 
tamed  from  the  observations  made,  by  ir,  quantities  respectively  1'  less,  and 
calculations  of  which  it  is  not  necessary  greater  than  the  observed  retrogression 
here  to  enter  into  any  detail.  The  general  of  10';  and  as  this  would  be  the  retro- 
result  IS  that  the  perigee  or  apogee  (or  gression  of  twelve  years,  the  annual  re- 
the  (wstdes  of  the  sutf s  orbit,  as  they  trogression  might  be  as  httle  as  45",  or 
we  also  termed)  have  a  progressive  mo-  as  great  as  55'°    This  would  be  a  great 

nZl^  ThoT  P'/'S^  ^i'.u"^  ^'  •  ®  *'^-    *"^  important  uncertainty;  but  it  may 
o^^x;  Ju^  longitude  of  the  pengee  and    be  very  greatly  diminished  by  a  furthw- 

Xfn!,f  fi9lrf  ^r  T^T'  ?.^  .^^^  ^*^*^  extension  of  the  same  principle,  that  is 

bv  th?L£i  "   r^"^V  ^^'  '\  '"^."l^^"  *°  '"^y*  by  taking  stiU  longer  intervals  of 

^int/th^mfwr^'^^  observation.    For  instance,  let  us  sup- 

™nt  n^^^^^^^        ^""^  ^^'°  K^^^  ^^'^^^  P°««  the  interval  400  years,  and  the  ob- 

Z  fro m  J^SioK  ^""^^'"'^^  ^^^^'^  ^^^^-  ^'"^^  precession  6°  34',  or  20,040".   If 

Thp  inm  nfThJf  ** ''  measured;   or  by  we  suppose,  as  before,  that  the  amount 

the  sum  of  the  two  quantities  1 1".  8  and  of  probable  error  is  1',  the  least  possible 

r*;.  *     •     •  1      1  ^  amount  of  precession  will  be  5°  33',  or 

The  pnnciple  above  referred  to.  that  19,980";  and  the  greatest  5°  35',  or 

^L'^^^''^''^  f  observation  may  be  20,100";  and  the  lelst  possible  annual 

rendered  less  material  by  comparing  ob-  amount  49".  95.  and  the  greatest  50". 

senrations  made  at  distant  periods,  is  25;  two  quantities  approaching  very 

«nL     if"^  ^^*^  ^""^  ^^''^''^  ^P^"^-    »ea«-  to  ea^  other,  and  the  mean  hi 
T^aLJ    we  suppose  ourselves  unable    tween  them,  or  50"  1,  would  probably 

lauinnv  or  *ho^  ^''?^'  ''*!1?^^^"  ^.^  *^^    ^'^'^"^  ^^^^  kittle  indeed  from  the  true 
equinox  or  the  pengee  withm  a  minute,    value. 

hi.^1  Fh^rA^^o?™'"^  i^®  Mount  we  The  principle  on  which  this  power  of 

to  W  ior^^of  Th^^^      *^  ^^""^  "'^^^^"^  approximating  to  a  correct  value  de- 

IprviL  f  Xo    '         ■  "^^  '^*."?°*'  ^y  ^^  P^"ds  is  obvioiis.    The  en-or  of  obser- 

s^Kh!.  "??vf ''''^  P?'/^^°?'  ^^  ^^^  ^tion.  whatever  its  amount  may  be. 

sun  m  either  of  these  pomts,  fonn  any  occurs  only  at  the  times  of  observation. 
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If  the  element  whose  value  is  sought  of  these  years.    "Vrhen  the  sun  starts 

occurs  only  once  during  the  interval,  it  from  the  equinox,  it  is  a  given   point 

is  affected  by  the  whole  error;  if  it  oc-  of  his  orbit ;  before  he  returns  to  it,  the 

curs  oftener,  the  whole  result  is  affected  equinox  has  receded  on  the  ecliptic,  and 

by  the  whole  error,  but  the  whole  result  he  therefore  meets  it  again  sooner  than 

being  the  sum  of  so  many  repetitions  of  he  returns  to  the  same  spot  in  his  orbit, 

the  element,  the  value  of  tne  element  The  effect  therefore  of  the  retrograde 

itself  is  only  affected  by  a  proportional  motion  of  the  ecjuinoctial  point  on  the 

part  of  the  error,  the  whole  error  being  ecliptic  is  to  bring  forward  the  time  of 

divided  among  all  the  repetitions.    If  the  equinox  (or  the  instant  at  which  the 

therefore   the  element    be   sufficiently  sun  is  upon  the  equator) ;  and  hence,  as 

often  repeated,  the  proportion  of  the  we  have  already  mentioned,  the  pheno- 

error  involved  in  its  value  will  become  menon  is  known  by  the  name  of  me  pre- 

exceedingly  small ;  and  this  may  be  the  cession  of  the  equinoxes.    In  the  mean 

case,  even  when  the  actual  amount  of  time  however,  the  apogee  has  moved 

the  probable  error  of  observation  is  in-  forward  on  the  ecliptic  ;  and  the  sun 

creased,  if  the  number  of  repetitions  therefore,  after  returning  to  the  same 

among  which  the  error  is  to  be  dis-  spot  in  his  orbit  where  he  was  at  the 

tributed  is  increased  in  a  greater  pro-  former  equinox,  has  still  a  further  arc  to 

portion.  describe  before  he  arrives  at  his  original 

a              ^      r^^  ^1.    j'lr       a  positiouwith  rcspcct  to  the  apogee,  and 

Section  9.--0/  the  different  years^  ^^  ^ime  of  his  dSing  so  is  of  ciurse  later. 

Equinoctial  {or  tropical)  year^Side^  r^^  ^^^  ^      ^^  ^^  ^^^  equinoctial 

real  year-^Anomalisttc   year-Con^  i^  3^3,  ^nf gn.  gf.g    ^^l           g^. 

strx^txon  of  the  calendar-^Julian  cor-  f  ^^  decimally,  365^242264)  of  mean 
rectton  -  Julian  year-Leap  year-  ^^f^  ^j^^  ^^^^^  ^^  ^j^/  ^^^  ^^ 
Gregorian  correction-^Persian  cor-    ^^    ^^^^^  ^^r,^   ^^   ^^^^   ^^    ^^^ 

rection.  same  point  of  his  orbit  at  which  he  was 

Wb  now  see  that  there  are  three  dif-  at  the  commencement  of  the  year,  or  to 

ferent  periods  at  which  the  sun  may,  complete    the  sidereal  year;    and  the 

in  different  senses,  be  said  to  return  to  mean  length  of  the  sidereal  year  is  thus 

the  same  position:  when  he  returns  to  made  365**  6^  9*°  1  r.5,  or  365^  256383. 

the  same  equinox  at  which  he  was  be-  He  then  has  to  describe  a  further  arc  of 

fore;  when  he  returns  to  the  same  spot  ll'^8  to  arrive  at  his  original  position 

in  his  orbit ;  and  when,  having  been  in  with  respect    to  the  apogee,  and  the 

perigee  or  apogee,  he  returns  to  it  again ;  length  of  the  anomalistic  year  is  thus 

or,  which  is  the  same  thing,  when  having  made  365**  6^  IS*"  58'.8,  or  365«i  259708. 

been  at  a  given  distance  from  any  of  In  ascertaining  all  these  lengths,  it  is 

these  points,  he  returns  to  the  same  of  course  important  to  resort  to  the 

point  with  respect  to  them.    Each  of  principle  explained  at  the  end  of  the  last 

these  may  be  said  to  be  the  completion  section,  and  to  deduce  their  value  from 

of  a  revolution  of  the  sun  ;  and  a  revo-  observations  made  at  lopg  intervals,  so 

lution  of  the  sun  is  called  a  year.    The  that  any  error  of  observation  may  be 

year  from  ec^uinox  to  equinox  is  called  distributed  among  many  periods  of  the 

the  equinoctial  year,  or  sometimes  the  length  required. 
tropical  year ;  for  his  time  of  returning        1  he  lengths    assigned  to  the  equi- 

from  tropic  to  tropic,  they  being  situations  noctial  and  sidereal  years  are  only  mean 

always  holding  the  same  relation  to  the  lengths ;  that  given  to  the  anomalistic 

equinox  for  the    time    being,    is    ob-  year  is  a  true  one.    We  shall  hereafter 

viously  the  same  as  that  from  equinox  shew,  from  other  considerations,  that  the 

to  equinox.    The  year  from  any  point  in  length  of  the  anomalistic  year  does  not 

the  ecliptic  to  the  same  point  aeain  is  vary.    For  the  present,  we  will  assume 

the  sidereal  year,  for  the  sun  is  then  in  that  fact,  and  then  it  is  obvious  that  the 

the  same  position  as  before,  with  rela-  length  of  the  equinoctial  and  sidereal 

tion  to  the  stars.    The  sun's  aneular  years  must  continually  vary ;  for  each 

distance  from  the  apogee  is  called  the  of  these  years  is  shorter  than  the  anoma- 

true  anomcdy^  and  the  period  between  listic  year  by  the  time  which  the  sun 

his  leaving  and  returning  to  a   given  takes  to  describe  a  given  angle  of  his 

situation  with  respect  to  the  apogee  is  orbit ;  in  one  case  62'',  in  the  other 

therefore  called  the  anc^mo/i^ft'c  year.  11''.8.       Now  the  rate  of   the    sun*s 

It  is  evident  that  the  equinoctial  is  motion  is  different  in  different  parts  of 

the  shortest,  the  anomalistic  the  longest  his  orbit,  faster  as  he  is  further  from 
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the  apogee,  slower  as  he  approaches  it;  our  chronology  would  become  confused 

and,  consequently,  his  times  of  describ-  and  inaccurate.   It  is  obviously  better  to 

ing    these   spaces  of  62''    and  11".8  fix  some  length  for  the  civil  year  which 

continually  vary,  as  they  are  difiPerently  shall  be  free  from  these  inconveniences, 

situated  with  respect  to  the  apogee.  The  On  the  other  hand,  it  is  evident  that 

times  therefore  which  are  to  he  sub-  if  the  length  assigned  to  the  civil  year 

tracted  from  the  uniform  lengtli  of  the  were  to  differ  materially  from  the  true 

anomalistic  year,  to  ascertain  those  of  length  of  tlie  astronomical  year,  great 

the  equinoctial  and  sidereal  years  respeo-  confusion  would  before  long  be  pro* 

tively,  are  themselves  of  variable  dura-  duced.     Thus  if  it  were  shorter  by  a 

tion ;  and  the  lengths  of  the  equinoctial  whole  day,  in  100  years  its  commence* 

and  sidereal  year  are  necessarily  so  too.  ment  would  precede  that  of  the  astro- 

The  variation  however  is  very  small,  nomical  year  by  100  days,  more  than  a 

and  the  mean    differs  frx)m  the  true  quarter  of  the  whole  year :  or  if  it  were 

length  at  any  period  by  a  very  inoon-  snorter  by  a  quarter  of  a  day,  the  same 

siderable  quantity.  error  would  be  produced  in  400  years. 

It  is  obviously  necessary,  for  many  Thus  the  commencement  of  the  civil 

Purposes,  not  only  of  chronology  and  year  would,  at  these  intervals  of  time, 

istory,    but    even 'of  personal    and  correspond  to  completely  different  stages 

domestic  convenience,  that  we  should  of  the  seasons ;  if,  at  the  one  period,  it 

have  the  means  of  dividing  time  into  were  at  mid-winter,  at  the  other  it  would 

definite  periods  of  considerable  length ;  be  early  in  the  autumn ;  if  at  one  it  were 

and  the  most  obvious  and  natural  period  seed-time,  at  the  other  it  would  be  the 

to  adopt,  is  Ithat  which  includes  all  the  depth  of  winter.  This  would  obviously  be 

various   operations    and    appearances  inconvenient.    We  want  to  know,  when 

which  succeed    each  other  in  regular  we  hear  that  an  event  took  place  at  a 

order,  which  comprehends  seed-time  and  particular  period  of  the  year,  whether  it 

harvest,  summer  and  winter.    All  these  took  place  in  spring,  summer,  autumn, 

are  included  in  the  space  of  anequi'  or  winter;  if  a  bame,  whether  at  the 

noctial  year.  The  position  of  the  apogee,  opening  or  the  close  of  a  campaign ;  if 

as  we  have  already  seen,  has  some  effect  the  discovery  of  a  country,  whether  dur- 

on  the  length  of  the  seasons ;  but  it  is  ing  the  season  of  lU^undaace  or  scar- 

the  position  of  the  sun  with  respect  to  city. 

the  equinox,  which  deterniines  what  the  It  is  therefore  desirable  so  to  fix  the 
season  is,  and  in  his  passage  through  his  length  of  the  civil  year,  that  its  corn- 
whole  round  from  one  equinox  till  he  mencement  shall  always  be  at  the  be- 
returns  to  the  same  again,  he  occasions  ginning  of  a  day ;  and  at  the  same  time 
the  whole  variety  and  succession  of  to  adopt  some  mode  which  shall  prevent 
spring,  summer,  autumn,  and  winter,  it  from  ever  being  far  distant  from  the 
The  length  of  this  revolution  therefore  commencement  of  the  astronomical 
has  been  adopted  as  the  unit  of  Ions  year.  In  this  consists  the  adjustment  of 
duration;  and  a  period,  assigned  with  the  calendar;  and  many  attempts  have 
more  orless  accuracy,  but  intended  to  re-  been  made,  at  different  times,  and  in 
present  this  duration,  has  been  uniformly  different  places,  to  establish  an  accurate 
adopted  by  all  civilised  nations,  and  called  and  complete  one.  We  need  not  here 
by  tne  name  of  year,  or  the  civil  year,  enter  into  the  history  of  all  these  at- 
It  would  be  productive  of  great  in-  tempts ;  but  there  is  one  so  famous, 
convenience,  if  the  beginning  of  the  both  from  the  celebrity  of  the  man 
year  did  not  correspond  with  the  begin-  under  whose  auspices  it  was  made,  and 
ning  of  a  day ;  and  this  would  be-  the  as  the  ground-wcH'k  of  the  adjustment 
case,  if  we  took  the  exact  period  of  now  used,  that  it  may  be  well  to  mention 
365*^  5^48"  51'.6  for  the  length  of  the  it,  especially  as  the  simplicity  of  the 
civil  year.  If,  for  instance,  at  any  numbers  involved  in  it  makes  it  the 
given  time,  the  beginning  of  the  year  easiest  example  which  can  be  given  of 
exactly  corresponded  with  the  beginning  the  principle  of  such  a  correction, 
of  a  day,  the  following  year  would  begin  The  Roman  Calendar  had  fallen  into 
5^  48"  51 '.6  after  the  beginning  of  the  great  confusion  from  the  causes  already 
366th  dav;  the  year  after  that  would  explained,  when  it  was  determined  to 
be^in  1 1*"  37"*  43*  2.  after  the  beginning  remedy  the  inconvenience  which  resulted 
of  the  731st  day, and  soon.  We  should  from  its  condition,  and  to  rectify  it  for 
therefore  continually  have  days  belong-  the  future.  This  was  done  under  the 
ing  in  part  to  two  different  years ;  and  auspices  of  Julius  Ccesar,  and  it  is  in 
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consequence  called  the  Julian  correc*  If  the  length  of  the  astronomical  year 
tion;  Sosigenes  of  Alexandria  was  the  had  been  accurately  365*^  6,  this  adjust- 
Astronomer  who  made  the  calculations,    ment  of  the  calendar  would  have  been 


jpposed  to  consist  of  365^  -  ,^ _^  __    

as  we  have  seen,  not  very  far  from  the  Four  equinoctial  years  therefore  would 

truth),  and  that  time  was  assumed  as  its  fall  short  of  foiu*  years  of  365<^  6^  each, 

accurate  length.    Now  four  years,  each  or  of  four  Julian  years,  three  of  365  and 

of  365*^  6^  together  make  up  a  period  oneof366days,bythespaceof44'"33*.G; 

of  1461  days;  and  these  1461  days  may  and  100  equinoctial  years  would  fall 

be  divided  into  three  periods  of  365  days,  short  of  100  Julian  years  by  25  times 

and  one  of  366.     If  therefore  these  that  space  of  time,  or  by  18^  34'";  and 

successive   civil  years    were  made  to  400  equinoctial  years  would  fall  short  of 

consi8teachof365  days,  and  then  afourth  400  Julian  years  by  74^  16"*,  or  by  a  little 

were  made  to  consist  of  366,  the  length  of  more  than  three  days.    In  consequence 

the  four  would  be  equal  to  that  of  four  as-  of  this  inaccuracy  a  further  correction 

f  ronomical  years ;  and  if  at  the  beginning  was  required ;  and  this  was  carried  into 

of  the  first  year  the  commencement  of  effect  by  Pope  Gregory  XIII.  in  the  year 

the  civil  and  astronomical  years  coincided,  1582,  at  which  time  the  vernal  equmox 

at  the  end  of  the  fourth  they  would  do  fell  ten  days  earlier  in  the  civil  year  than 

soaffain.    It  is  true  that  thie  civil  years  it  had  done  in  the  year  325,  at  the  Coun- 

would  be  of  unequal  length,  and  that  cil  of  Nice,  the  period  which  he  chose 

none  of  them  would  accurately  corre*  for  the  correct  standard  of  the  com- 

spond  in  duration  with  the  astronomical  mencement  of  the  civil  year.    At  the 

year,  three  of  them  being  each  six  hours  Council  of  Nice,  the  vernal  equinox  had 

shorter,  the  fourth  eighteen  hours  longer  been  on  the  21st  March ;  at  the  time  of 

than  it;  and  it  is  true  also  that  the  Pope  Gregory,  it  was  on  the  11th;  but 

commencement  of  each,  except  the  first  he  omitted  ten  days  in  the  current  year, 

of  the  four  years,  would  not  coincide  andmade  the  15th  of  October  in  that  year 

with  that  of  the  astronomical  year,  that  of  immediately  succeed  the  4th,  so  that  in 

the  second  being  six,  of  the  thiid  twelve,  the  next  year  the  vernal  equinox  again 

and  of  the  fourtn  eighteen  hours  before  took  place,  as  it  had  done  in  325,  on  the 

it.    None  of  these  inconveniences  how-  2 1st  of  March.  In  this  manner  the  error 

ever  were  material ;  the  first  would  not  which  had  already  taken  place  was  rec- 

be  felt,  as  soon  as  the  people  became  tified.    To  prevent  it  from  again  occur- 

familiar  with  the  order  in  which  the  ing,  the  following  additional  adjustment 

longer  and  shorter  years  succeeded  each  was  devbed. 

other ;  the  second  would  only  be  felt  by  We  have  seen  that  the  Julian  correc- 

astronomers,  and  they  would  have  abun-  tion  made^the  length  of  400  years  too 

dant  means  of  removing  any  difficulty  great  by  a  little  more  than  three  days, 

which  it  occasioned ;  and   the  third.  This  inaccuracy  then  would  veiy  nearly 

although  of  serious  importance  if  the  be  removed,  by  omitting  the  additional 

error  accumulated  so  as  to  produce  a  day  in  three  years,  taken  in  the  course  of 

great  interval  between  the  commence-  the  400.    It  is  of  great  practical  conve- 

ment  of  the  different  years,  was  of  no  nience  to  have  these  corrections  easily 

moment,  when,  as  it  seemed,  the  error  remembered,  and  the  three  days  were  in 

would  never  exceed  eighteen  hours.    On  consequence  omitted  in  three  of  the  four 

these  grounds  the  ordinary  length  of  the  years  which  completed  centuries.  It  was 

civil  year  was  fixed  at  365  days,  but  determined  that,  dividing  time  into  por- 

it  was  ordained  that  every  fourth  year  tionsof400  years  each,  every  fourth  year, 

should  consist  of  366.    The  fourth  year  except  those  which  terminated  the  first 

was  called  bissextile,  from  the  manner  three  centuries  of  such  a  period,  should 

in  which  the  additional,  or  intercalary  he  of  366  days,  but  that  those  three, 

day  was  inserted*.    It  corresponds  to  hke  the  common  years,  should  each  be 

our  ^ecq)  year.  of  365  days  only.    Thus  the  years  1600, 

"TTirTr"              rmr~"I       I  ©^  March,  the  27th,  the  third  day  of  the  Calcndi 

,J^J^''^<''?'fr*,^»y^^i^^"^tdnr  of  tfich  month  of  March,  and  .o  on.     The  24lh  of  Februar? 

uoJf  r.u*  f  ^"'*J?*>  1^»*  ""^"'^  "~<^«  l»«  therefore  wa»  the  sixth  (.er<i«)  day  of  the  Calenii 

jord,CaleDUar.    They  then  reckoned  the  tatter  of  March.    The  fourth  year  iras  lenirthened  bl 

days  of  the  preceding  month,  by  their  di.tance  adding  an  additional  day  fat  thTtinVJ  there  iverJ 

from  the  Calenda  of  the  following  one.    Thus  the  two  days  recltoned  as  the  sixth  day  S^theclSI 

J5Jh"7J?K**  ****"«^  ^^t  Caiend.  of   March,  the  of  Maith,  and  henceihe  ^f,  wm ^^^^^ 

^Ui  of  February  was  the  day  before  ttie  Calends  as  having  a  double  suth  4/  of  ThJse  ct^ends.       ' 
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2000, 2400,  would  be  Zeap  years,  or  have  four  years,  and  the  further  adjustments 
366  days;  the  years  1700,  1800,  1900,  all  happening  at  times  so  remarkable  as 
2100,  2200,  2300,  would  be  common    the  years  which  complete  centuries,  ren- 

years  of  365  days  each.  der  it  the  most  eligible  that  has  been 

This  mode  of  correcting  the  calendar  devised.  There  is  one  however  which 
has  been  adopted  at  different  times  in  may  be  here  mentioned,  because  it  is 
almost  all  civilized  nations.  As  it  was  cunous  for  its  ^at  accuracy,  especially 
introduced  by  a  Pope,  for  the  express  when  we  consider  the  early  period  at 
purpose  of  regulating  the  ecclesiastical  which  it  was  discovered.  It  was  adopted 
year,  and  ascertaining  the  time  for  keep-  by  the  Persians  in  the  course  of  the 
mgthe  festivals  celebrated  in  the  Roman  eleventh  century,  and  consists  in  inter- 
Church,  it  was  immediately  adopted  by  calating  (or  adding  to  the  365  days  which 
all  states  professing  that  form  of  Chris-  constitute  the  onlinary  length  of  the 
tianity.  The  Russians,  who  are  mem-  year)  8  days  in  33  years,  instead  of  in 
bers  of  the  Greek  Church,  have  not  yet  32  as  according  to  the  Julian  adjust- 
adopted  it.  In  England  it  was  not  in-  ment.  On  this  system,  there  are  seven 
troduced  till  the  year  1752;  and  as  one  leap  years,  each  the  fourth  after  the 
of  the  years  concluding  a  century,  in  preceding  one,  and  then  one  which 
which  the  additional  or  intercalary  day  is  the  fifth ;  or,  if  this  period  be  sup- 
was  to  be  omitted  (the  year  1700)  had  posed  to  begin  at  the  year  1801,  the 
passed  since  the  correction  hy  Pope  years  1S04,  1808,  1812,  1816,  1820, 
Gregory,  it  was  necessary  to  omit  eleven  1324,  1828,1833,  1837,  &c.  would  be 
instead  of  ten  days  in  the  current  year,  leap  years.  It  is  evident  that  this,  how- 
The  alteration  was  proposed  in  Parlia-  ever  simple  in  theory,  is  less  easily  re- 
ment  by  the  Earl  of  Chesterfield,  and  he,  membered  and  applied  to  practice  than 
at  that  time,  received  most  of  the  praise  the  Gregorian  adjustment.  It  is  how- 
due  to  so  important  a  reform ;  but  the  ever  remarkable,  considering  the  time 
Earl  of  Macclesfield,  then  president  of  when  it  was  made  and  the  people  who 
the  Royal  Society,  a  nobdeman  of  much  discovered  it,  that  it  exceeds  the  Gre- 
talent  and  science,  was  the  real  author  ^orian  adjustment  in  accuracy;  and  if 
of  the  measure,  and  bore  a  great  part  it  be  further  corrected  by  the  omission  of 
in  the  details  of  its  execution.  the  intercalary  day  once  in  4000  years,the 

Even  this  correction  does  not  -arrive  at  accuracy  of  the  approximation  becomes 

complete  accuracy.    The  excess  of  400  truly  remarkable,  being  within  yvivv 

Julian  over  400  astronomical  years  is  part  of  a  day,  or  the  remaining  error 

more  than  three  days,  by  the  space  of  would  not  amount  to  a  day  in  70,000 

2'»  16",  and  the  calendar  consequently,  years.* 

even  after  the  Gregorian  adjustment  The  length  of  the  year  being  deter^ 
which  omits  the  three  days,  still  makes  mined,  the  exact  time  of  its  oommence- 
the  400  years  too  long  by  2^  16*".  In  ment,  and  its  division  into  minor  portions 
ten  times  400  years,  or  4000  years,  this  (which  we  call  months,  as  their  dura- 
error  would  be  increased  fen  fold,  or  tion  has  been  fixed  with  some  reference 
would  become  of  22*"  40",  or  nearly  of  a  to  the  changes  of  the  moon)  may  be 
day.  It  would  therefore  be  a  further,  arbitrarily  assumed.  It  might  seem 
though  still  not  quite  an  accurate  cor-  natural  to  make  the  beginning  corre 
rection,  to  make  also  every  4000th  year  spond  with  some  remarkable  period  of 
(which  on  the  Gregorian  adjustment  the  astronomical  year,  as  a  solstice  or 
would  be  a  leap  year)  a  common  year,  an  equinox.  But  this  is  not  material : 
But  this  extreme  accuracy  is  hardly  ne-  the  length  being  accurately  fixed,  the 
cessary  in  a  matter  which,  after  all,  is  beginning  of  the  year  will  always  be  at 
more  of  popular  than  scientific  import-  very  nearly  the  same  distance  from  the 
ance.  An  error  of  less  than  a  day  in  solstices  and  equinoxes;  and  this  is 
4000  years  cannot  derange  the  ordinary  just  as  convenient  as  its  coinciding 
calculations  of  time ;  and  astronomers,  with  either  of  them.  It  takes  place 
in  their  computations,  refer  to  standards  about  eleven  days  after  the  winter  sol- 
of  time  much  more  accurately  fixed  stice. 

than  the  civil  year.  

There   i,  no  occasion  therefore  for  i^^^^^^J^^ZUZ^^^^o  Lu^^^>.^. 

Seekmg   for   any    more    accurate  adjUStr     year,  by  the  method  of  continued  fnictiona.     If 
ment  of  the  calendar,   and  the  COnveni-     **»«  procesa  had  been  continued  one  step  farther, 

ence  of  having  the  correction  occurring  at    *^*  J""if  ^*»"^i  *T;  V*°.2f  4'  ^**,*  "*S?  "P" 

«  _^  •   A    ^        '\  L     v>"^**»  ""6  "*     proxtmatlon    adopted    In    this    Persian    odlust- 

a  penod  so  easily  remembered  as  that  of    ment. 
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Chaptbb  II.  «teUation9  which  gave  name  to  them, 

a  ^  nr  'X  ^  rt  a'  Vfeve  cahed  the  sigtis  of  the  zodioc,  £ind 
Section  l-^Necemty  of  Corrections  eharacters  were  invented  to  express 
•-Enumeration  of  them.  ^hem.  The  names  of  the  constellations, 
Wb  must  now  revert  to  the  considera-  or  signs,  and  the  characters  used  to  ex- 
t  ion  of  the  fixed  stars.  We  have  hitherto  press  them,  are  as  follows: — Aries,  or 
considered  them  as  always  occupying  the  Ram,  cp ;  Taurus,  or  the  Bull,  y  ; 
the  same  place.  It  is  however  evident,  Gemini,  or  the  Twins,  n  ;  Cancer,  or 
from  what  we  have  already  said  con-  the  Crab,  gs  ;  Leo,  or  the  Lion,  SI ; 
ceming  precession,  that,  supposing  them  Virgo,  or  the  Virgin,  ttj^ ;  Libra,  or  the 
really  to  do  so,  that  place  will  at  least  be  Balance,  ^ ;  Scorpio,  or  the  Scorpion, 
differentlj^  described  at  different  times,  Ttl ;  Sagittarius,  or  the  Archer,  /  ;  Ca- 
that  its  right  ascension,  longitude,  and  .  pricornus,  or  the  Wild  Goat,  v^  ;  Aqua- 
declination  will  all  vary.  We  must  ri  us,  or  the  Water-carrier,  ^;andPisces, 
therefore,  in  comparing  the  observations  or  the  Fishes,  x* 
made  on  a  star  at  different  times,  make  At  the  time  that  these  constellations 
allowances  for  this  alteration ;  we  must  were  fixed  on  to  determine  the  names 
ascertain  what  the  right  ascension  and  of  the  subdivisions  of  the  ecliptic,  the 
declination,  or  'else  what  the  longitude  vernal  equinox  was  a  point  very  near 
and  latitude  of  the  point  where  tlie  the  constellation  of  the  Ram,  the  sum- 
star  was  at  the  time  of  the  earlier,  mer  solstice  was  near  the  Crab,  the 
would  have  become,  in  consequence  of  autumnal  equinox  near  the  Balance, 
the  precession  of  the  equinoxes,  at  the  and  the  winter  solstice  near  the  Wild 
time  of  the  later  observation;  and  if  Goat.  The  vernal  equinox  therefore, 
these  computed  quantities  correspond  or  the  point  from  whicn  right  ascension 
with  those  then  observed,  we  conclude  and  longitude  are  measured,  got  the 
that  the  star  occupies  really  the  same  name  of  the  first  point  of  Aries,  which 
place  in  the  heavens,  and  is  what  we  we  have  seen  to  be  still  used ;  the  au- 
call  a  fixed  star,  although  that  place  tumnal  equinox  was  the  first  point  of  Li- 
is  differently  described,  in  consequence  bra ;  and  the  tropics,  the  circles  parallel 
of  the  alteration  of  the  points  and  cir-  to  the  equinoctial  which  pass  through 
cles  to  which  its  situation  is  referred,  the  solstices  (pp.  10,  23 J,  were  called 
By  making  these  observations  we  find,  the  tropics  of  Cancer  and  of  Capricorn, 
subject  to  certain  apparent,  and  some  These  names  also  continue  in  use.  But 
real,  exceptions,  which  will  hereafter  be  though  the  names  continue,  the  circum- 
noticed,  that  the  places  of  the  stars  in  stances  from  which  they  took  their  ori- 
general  do  continue  the  same.  gin  have  ceased  to  exist.  The  precession 
The  importance  of  this  computation  of  the  equinoxes  has  carried  the  vernal 
will  appear  very  familiarly,  by  an  exam-  equinox  backwards,  away  from  the  con- 
pie  which  shews  the  great  amount  of  the  stellation  of  the  Ram ;  and  in  the  same 
inaccuracy  produced  by  neglecting  it.  A  manner  all  the  other  constellations  from 
space  of  eight  degrees  on  each  side  of  which  the  signs  are  named  have  changed 
the  ecliptic  was  early  distinguished  from  their  situations  with  respect,  not  to  the 
the  rest  of  the  heavens,  because  the  circle  of  the  ecliptic,  but  to  the  point 

glanets  (whose  nature  and  motions  will  with  reference  to  which  their  position  is 

e  the  subject  of  future  consideration)  stated.    Not  only  however  do  the  points 

were  never  found  out  of  its  limits.  This  of  the  equinoxes  and  solstices  retain 

space  is  called  the  zodiac.    There  were  their  name,  but  the  whole  ecliptic  is  still 

found  within,  or  principally  within  it,  divided  into  twelve  portions,  which  are 

twelve  constellations,  situated  not  accu-  called  signs,  and  retain  the  names  of  the 

rately  at   equal  distances   from   each  constellations  after  which  they  were  ori- 

other,  but  so  nearly  so,  that  when  it  ginally  called*    Thus  the  longitude  of 

was  thought  convenient  to  divide  the  45^  is  either  expressed  in  that  manner, 

ecliptic  into  twelve  equal  parts  of  30°  or  as  the  15th  degree  of  Taurus,  wliich 

each,  it  was  found  that  each  of  these  is  thus  written  B  15^  or  as  I*  15°,  the  1*, 

would  be  in  ^the  immediate  neighbour-  or  one  sign,  being  taken  merely  as  a  mode 

hood  of  one   of  these  constellations,  of  expressing  the  quantity  of  longitude 

This  division  was  accordingly  adopted ;  30°.  So,  also,  the  longitude  of  1 1 8°  30'  is 

the  portions  into  which  the  ecliptic  was  equally  well  expressed  as  25  28°  30',  or 

divided  were  each  named  after  the  con-  as  3*  28°  30':  and  217°  19'  10"  of  lon- 

steUation  which  was  near  it;  and  the  gitude  is  written  either  ni  7°  19'  10",  or 

divbions  themselves,  and  also  the  con-  7'  7°  19'  10":  the  cbairacter  s  or  ni 
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expressmp:  the  sign,  in  which  the  re-  that  if,  as  we  have  supposed,  at  the  in- 
maining  decrees,  &c.  are  to  be  mea-  stant  when  the  star  is  on  the  meridian, 
sured;  the  number  3*  or  7"  expressing  the  clock  marked  S**  of  sidereal  time,  it 
the  number  of  sighs,  or  spaces  of  30°,  would  be  too  slow  by  8  seconds,  and  all 
which  are  to  be  added  to  the  remaining  observations  made  by  it  would  require  to 
degrees,  &c.,  to  make  up  the  whole  Ion-  be  corrected  accordingly, 
gitude*.  These  signs,  or  portions  of  Again,  we  have  already  seen  (p.  17) 
the  ecliptic,  continue  to  be  measured,  at  that  the  North  polar  distance  of  any 
intervals  of  30°  each,  from  the  actual  body  can  be  ascertained  by  observations 
position  of  the  vernal  equinox ;  and  the  of  its  altitude  when  upon  the  meridian,  if 
consequence  is,  that  the  equinox  being  the  elevation  of  the  pole,  or  its  distance 
removed  back  by  precession,  the  signs  from  the  zenith  be  known.  Conversely, 
or  constellations  of  the  zodiac  no  longer  if  the  declination,  or  North  polar  dis- 
correspond  withthem.  The  constellation  tanoe  of  the  body  be  known,  and  its  alti- 
of  the  Ram  is  now  near  the  sign  B  of  tude  when  on  the  meridian  of  any  place 
the  ecliptic ;  that  of  the  Lion,  near  ifj^ ;  observed,  the  elevation,  or  zenith  dis- 
that  of  the  Waterman,  near  X»  tance,  of  the  Pole  there  may  be  ascer- 
We  see  therefore  the  importance  of  tained.  It  is  accordingly  the  easiest  way 
attending  to  precession,  in  reducing  ob-  of  ascertaining  the  elevation  of  the  Pole 
servations  made  at  different  times,  for  at  any  particular  place,  to  observe  the 
the  purpose  of  comparison  with  each  meridian  altitude  of  a  star  whose  de- 
other.  If  we  failed  to  do  so,  a  star  really  clination  is  known ;  and  thence  to  com- 
at  rest  would  be  spoken  of  as  having  pute  the  elevation  of  the  Pole.  But  in  this 
moved  through  the  whole  space,  by  case  also,  if  some  time  has  elapsed  since 
which  in  reahty  the  equinox  has  re-  the  declination  of  the  star  observed  was 
ceded  from  it.  But  there  is  another  not  ascertained,  that  declination  will  have 
less  important  application  of  the  doc-  been  altered  by  precession ;  and  the  ele- 
trine.  Our  present  observations  must  vation  of  the  Pole  will  therefore  be  er- 
also  frequently  be  corrected  by  consi-  roneously  deduced,  unless  we  previously 
derations  derived  from  precession.  For  correct  the  registered  declination,  so  as  to 
instance,  all  observations  which  involve  have  the  accurate  value  of  that  element 
the  right  ascension  as  one  of  their  ele-  before  we  use  it  in  our  computation, 
ments,  are  made  by  observing  the  time  These  observations  naturally  lead  us 
by  a  clock  adjusted  to  sidereal  time.  It '  to  consider  the  subject  of  the  corredion* 
is  therefore  necessary  that  we  should  necessary  to  deduce  from  the  observed 
be  able  to  ascertedn  the  correctness  of  place  of  a  body  its  true  one.  These 
this  clock :  and  this  may  be  done  by  try-  corrections  are  no  less  than  five  in  num- 
ing  whether  it  accurately  marks  the  ber:  precession,  refraction,  parallax, 
time  at  which  a  star,  whose  place  is  nutation,  and  aberration.  We  nave  al- 
we\l  known,  comes  to  the  meridian,  ready  sufficiently  considered  the  subject 
Thus,  if  the  right  ascension  of  a  parti-  of  precession. 

cular  star  is  known  to  be  90°,  or  a  «  ^          tt     o^  »  ^     i-        r^ 

quarter  of  a  circle,  its  time  of  coming  to  Sbction  II.--p/  R^tfractum^Iis  na^ 

flie  meridian  would  be  6  hours,  or  a  ^''^'  variation,  and  amount^Oval 

quarter  of  a  day,  after  the  first  point  of  ^^rance  qfSun  and  Moon  near 

Jjies  had  done  so ;  and  the  clock  would  V^^,  honzon-'pim  appe(a^ance  of  ol^ 

be  correct,  if  at  that  instant  it  marked  ^^^^*  ««^^  *^  honzon^Tmlighi. 

6^  of  sidereal  time  as  that  interval.    If  Thb  diflferent  branches  of  science  are 

however  the  star's  right  ascension  had  intimately  connected  with  each  other, 

been  ascertained  some   time   before,   it  ferentstaw  is.  for  considerable  periods  of  time.  Tery 

would  have  been  altered  m  trie  interval  nearly  uniform  in  respect  of  the  same  sUr.    If  we 

by  the  effect  of  precession  ;  let  us   sup-  k'low,  for  instance,  that  the  annual  effect  of preces- 

uj  i"^  '^"              r           .         '.  ..^  *.„  ^„  f;i-  sion  on  the  right  ascension  of  agiven  star  Isfe"^  in 

pose  it  to  have  been  increased  by  such  .pace,  or  ».4S3333  in  Ume,  we  know  that  the  effect 

an  arc,  as  would  correspond  to  8  seconds  in  lOO  dajrs  is  ^SS  <>'  «*ther  of  these  quantities,  or 

of  timet.     The  consequence  would  be  >»"  »n  «Pace,  or  f  of  a  second  in  time}  and  If 

[ 2 three  years  and  100  days  bad  elapsed  since  Uie 

'       "                               ~~'  epoch  for  which  the  right  ascension  was  aacer* 

*  The  word  sign  is  ercn  used  sometimes  merely  tained,  the  present  right  ascension  would  exceed 

to  designate  80°,  and  applied  in  this  manner  to  right  lu  registered  value  by  3  x  86"^  +  10*%  or  V  69".5 

ascension,  with  which,  in  its  primary  sense,  it  had  In  space;  or  3 x 2'.4383-|-|*,  or  7"<9666  in  time, 

no  connexion.  Thus  the  right  ascension  '2SS°  12' 3''  Tne  rate  of  precession  however,  even  for  the 

la  sometimes  written  9*  19^  12'  3".    The  symbolf  same  star,  has  some  variation ;  and,  for  purpose* 

however  of  the  particular  cousteUailons  are  nerer  of  great  accuracy,  there  Is  a  farther  correction  re- 

thus  applied.  quisite  on  this  account }  bat  this  need  not  be  any 

t  The  «ff«€t  of  preceisioii  though  dlffertai  for  dif.  funber  noticed  here< 
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and  few  of  them  can  be  explained  with*  amount  as  if  it  had  fallen  ori^nally  on 
out  occasionally  having  recourse  to  facts  the  last  of  these  media  at  the  same 
ascertained  by,  and  properties  resulting  angle  as  that  at  which  it  fell  on  the 
from,  others.    In  explaming  the  manner  Arst.     If  the  medium  is  uniform,  its 
in  which  a  correction  for  refraction  he^  parts  on  each  side  of  the  ray  where 
comes  necessary,  and  in  which  it  is^to  be  it  enters  correspond,  and  there  is  no 
made,  we  must  have  recourse  to  ascer-  cause  which  can  turn  the  ray  to  one 
tained  facts  and  principles,  derived  from  side  of  its  original  course  rather  than 
the  sciences  of  Optics  and  of  Hydro-  the  other,  though  the  medium  acts  so 
statics,  or  rather  that  part  of  the  latter  as  to  bend  the  ray  from  its  original 
which  is  known  under  the  name  of  course,  either  towards  or  from  the  per- 
Pneumatics.  pendicular :  the  deflection,  therefore,  is 
From  the  latter  we  learn  that  the  either  directly  towards,  or  directly  from, 
atmosphere  continually  lessens  in  den-  the  perpendicular ;   and,  consequently, 
sity,  as  it  is  more  elevated  above  the  the  course  of  the  ray  after  deflection  is 
surface  of  the  earth ;   and  that,  with  in  the  plane^which  passes  through  its 
some  allowance  for  local  and  accidental  course  before  deflection  and  the  perpen- 
causes,  it  does  so  in  nearly  the  same  dicular,  or  in  the  same  plane  as  oefore ; 
manner  everywhere.    The  earth  there-  and  the  deflection  itself  therefore  is  en* 
fore  being  considered  as  spherical  (for  tirely  in  that  plane, 
itsvariationfrom  an  accurately  spherical  In  investigating  the  law  of  the  cor- 
form  may  here  be  neglected),  the  atmo-  recHon  to  be  applied  for  refraction,  it  is 
sphere  will  consist  of  concentric  strata  plain  that  the  amount  of  the  deflection 
or  layers  of  air,  of  densities  continually  in  different  circumstances  is  what  we 
diminishing ;  and  the  surface  of  the  ex-  want  to  discover ;  for  that  is  the  differ- 
treme  stratum  will  also,  in  conformity  ence  between  the  observed  and  the  true 
with  the  general  principles  of  the  equili-  place  of  the  body, 
brium  of  fluids,  be  nearly  spherical  also.  To  ascertain  this,  we  will  first  make 
From  the  discoveries  of  Optics  we  the  simple  supposition  that  the  surface 
collect  that  a  ray  of  light  always  moves  of  the  earth  is  plane,  and  that  of  the  at- 
in  a  straight  line  through  any  trans-  mosphere  plane  also,  and  parallel  to  it ; 
parent  medium  of  equal  density  through-  and  we  wul  further  suppose  in  the  first 
out    If  it  falls  perpendicularly  on  the  instanoe  that  the  density  of  the  atmos" 
surface  of  such  a  medium,  its  course  is  phere  is  uniform,   and  equal  to  that 
not  affected  b^  it»  but  it  passes  on  its  which  we  observe  at  the  earth's  surface, 
original  direction:  but  if  it  falls  on  it  The  surfaces  of  the  earth  and  atmo- 
obuquely,  its  direction  is  changed,  or  sphere  bein^  thus  supposed  to  be  parallel, 
the  ray  is  rrfracied,  at  the  point  of  in-  all  perpendiculars  to  the  surface  of  the 
cidence,  and  it  passes  on  through  the  atmosphere  must  be  parallel  to  those  to 
medium  in  a  hne   making  a  certain  the  surface  of  the  earth.    A  ray,  re- 
angle  with  the  former  course  of  the  ray,  fracted  at  the  exterior  surface  of  the  at- 
but  which  is  itself  a  straight  line  if  the  mosphere,  will  pass  thence  in  a  straight 
medium  be  of  uniform  density.    In  this  line  through  the   atmosphere,   as   its 
case,  the  sines  of  the  angles  of  incidence  density  is  supposed  to  be  uniform ;  and 
and  refraction  (the  angles  which  the  when  it  arrives  at  the  surface  of  the 
ray,  before  and  after  meeting  the  sur-  earth,  the  angle  which  it  makes  with  a 
face,  makes  with  a  perpendicular  to  that  perpendicular  to  that  surface  must  be 
surface  at  the  point  where  the  ray  meets  equal  to  that  which  it  made  with  the  per- 
it)  bear  always,  whatever  be  the  amount  pendicular  to  the  surface  of  the  atmo- 
of  the  angle  of  incidence,  the  same  pro-  sphere  at  the  point  of  refraction,  since 
portion  to  each  other,  as  long  as  the  those  perpendiculars  are  partUlel  to  each 
medium  is  the  same.    These  propor-  other.    The  perpendicular  to  the  earth's 
tk>ns  are  different  in  different  media,  surface  passes  through  the  zenith,  and 
and  the  ratio  is  generally  higher,  or  the  conseauently  the  angle  l>etween  the  re- 
ray  is  more  bent  out  of  its  course,  as  fracted-  ray,  or  the  apparent  direction 
the  density  of  the  medium  is  greater;  of  the  star,  and  that  perpendicular,  is  the 
in  passing  from  a  rarer  to  a  denser  apparent  zenith  distance  of  the  star; 
medium,  the  ray  is  generally  bent  tO"  it  is  also,  by  the  definition  of  the  term, 
tpords  the  perpendicular.     If  the  ray  the  angle  of  refraction  ;    and   conse-- 

E asses  through  several  media  bounded  quently,  the  angle  of  refraction  is  equal 

y  parallel  plane  surfaces,  the  effect  to  the  apparent  zenith  distance  of  the  star, 

produced  by  refraction  is  the  same  in  The  refracted  ray  lies  in  the  same  plane 


48 


ASTRONOMY. 


[11.  §  2, 


with  the  two  parallel  lines  which  it  joins ; 
and  that  plane,  passing:  through  a  per- 
pendicular at  the  surface  of  the  earth, 
IS  necessarily  a  vertical  plane  there;  the 
effect  of  refraction  therefore  takes  place 
entirely  in  a  vertical  plane. 
Now  the  whole  amount  of  refraction 

Produced  by  the  passage  of  a  ray  of  li^ht 
■om  a  vacuum  into  air  of  the  density 
usual  at  the  earth's  surface  is  very  small. 
According  to  the  table  given  in  the 
treatise  on  Optics,  p.  6,  the  ratio  of 
the  sine  of  incidence  to  the  sine  of  re- 
fraction is  less  than  1.0003  to  1.  It 
follows,  by  a  very  easy  computation, 
that  the  deflection  increases  very  nearly 
in  the  same  proportion  as  the  tangent  of 
the  angle  of  refraction,  or  of  the  apparent 
zenith  distance*.  It  is  to  be  observed 
also  that  the  refraction  takes  place  on 
entering  a  denser  from  a  rarer  medium, 
and  consequently  the  refracted  ray  is 
nearer  the  perpendicular,  or  more  ele- 
vated, than  the  incident  ray.  The  ef- 
fect of  refraction  therefore  is  to  cause 
the  observed  altitude  of  a  body  to  be 
greater  than  its  true  altitude,  and  its 
observed  zenith  distance  to  be  less  than 
its  true  zenith  distance. 

The  same  conclusions  will  be  true,  al- 
though the  ray  may  pass  through  strata 
of  air  of  diflPerent  densities,  if  the  surfaces 
of  all  these  strata  are  parallel  to  each 
other ;  for  we  have  already  mentioned 
that  in  thaf  case  the  amount  of  refrac- 
tion is  the  same  as  if  the  ray  fell  origi- 
nally on  the  last  medium.  Let  us  now  see 
in  what  manner  the  spherical  form  of  the 
earth  and  atmosphere  affects  the  result. 
For  this  purpose  we  will  again  begin 
with  the  simplest  supposition,  that  of  an 
uniform  density.  We  have  already 
mentioned  that  the  surface  of  the  earth 
and  of  the  atmosphere  will  be  concen- 
tric spheres,  and  consequently  a  line 
drawn  from  the  centre  of  the  earth  to 
meet  either  of  them  will  1>e  perpendicular 
to  their  surfaces  where  it  meets  them. 
The  line  therefore,  drawn  to  the  surface 

•  [Let  I  represent  the  angle  of  incidence,  B  the 
angle  of  refraction,  r  the  amount  of  deflection,  m 
the  index  of  refraction  for  the  particular  medium. 

Then,  by  the  general  principles  of  Optics,  sin. 

I  =  m  sin.  R.  ^    .  .,     , 

But  as  the  ray  Is  bent  towards  the  perpendicular, 
or  R  Is  less  than  I,  I  =  B  4-  r,  and  consequently 
theformer  equation  becomes  sin.  (JR+r)  —  m  sin.  R, 
or  sin.  R.  cos.  r-|-  cos.  R.  sin.  r=^tn  sin.  R. 

But  as  r  is  necessarily  very  small,  cos.  r  =  1  and 
sin.  r  =  r  very  nearly.  The  equation  therefore  is 
equivalent  to 

sin.  R-|-r.  cos.  R  =  m  sin.  R, 
or  r.  cos.  R  =  (m—  1)  sin.  R, 

,         .    sin.  R     .         .  _,  , 

or  r  =  (m  — i; =  (m— 1)  tan.R  ] 

cos.  B  ' 


of  the  earth  at  any  particular  place,  will 
pass  through  the  zenith  of  that  place. 
In^.  8,  let  O  represent  the  centre  of 
the  earth,  and  the  concentric  circles  the 
earth  and  the  outside  of  the  atmosphere, 
S  R  T  the  course  of  a  ray  refracted  at  R, 


and  passing:  to  the  eye  of  an  observer 
at  T.  JoinOT,  OR,  and  produce 
them;  the  line  OT  will  paas  through 
the  zenith  of  the  observer  at  T,  and  any 
plane  passing  throug:h  it  must  be  a  ver- 
tical plane.  Now  the  line  T  R  neces- 
sarily is  in  the  same  plane  with  OR, 
O  T  Z,  which  it  joins ;  it  is  therefore  in 
a  plane  vertical  at  T ;  and  so  is  the  line 
R  S,  for  the  course  of  the  ray  before  and 
after  refraction  is  in  the  same  plane. 
As  in  the  case  of  a  plane  surface  there- 
fore, the  deflection  takes  place  in  a  ver- 
tical plane ;  and,  as  before,  it  raises  the 
apparent  place  of  the  body  above  the 
real  place,  the  deflection  in  this  case 
also  being  towards  the  perpendicular. 

Thus  far  the  results  correspond  on 
the  two  suppositions.  The  amount 
however  of  the  deflection  is  different 
both  in  quantity  and  in  the  law  of  its 
variation.  It  continues  indeed  to  vary 
as  the  tangent  of  the  angle  of  refraction, 
the  angle  T  R  0,  or  S'  R  Y ;  but  this 
angle  is  no  longer  equal  to  the  apparent 
zenith  distance  S'  T  Z,  for  S'  T  Z,  the  ex- 
terior angle  of  the  triangle  RTO  is 
equal  to  the  sum  of  the  interior  and 
opposite  angles  T  R  O  and  T  0  R.  The 
amount  of  the  deviation  too  is  dimi- 
nished, for  a  ray  falling  parallel  to  S  R 
upon  a  refracting  suiface  at  T,  would 
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in  the  same  manner  make  a  greater 
an^le  with  OTZ  than  S  R  does  with 
ORY;  and  the  angle  of  incidence 
being  thus  increased,  the  angle  of  re- 
fraction and  the  deflection  would  be 
increased  also.  The  actual  deflection 
therefore  is  less  than  it  would  be  if  the 
ray  were  incident  immediately  at  T. 

We  may  now  proceed  to  the  case  of 
several  concentric  strata  of  air,  each  of 
uniform  density  through  its  whole  thick- 
ness, and  the  nearer  to  the  earth  always 
more  dense  than  that  more  remote  from 
it.  These  may  be  represented  by  the 
concentric  circles  in  /ig,  9,  and   the 

Bg.9. 


line  0  T  Z,  as  before,  will  pass  through 
the  zenith  of  an  observer  at  T.  Let 
SRiRaR«R«T  represent  the  course  of 
a  ray,  which  will  of  course  be  refracted 
at  the  points  Ri,  Rs,  R«,  Ri.  In  the  same 
manner  as  before,  the  line  TR4  will  be 
in  a  plane  vertical  at  T,  and  the  line 
RsR*.  the  course  of  the  ray  before  re- 
fraction at  K4,  in  the  same  plane  with 
R4T,  its  course  after  refraction;  and 
similarlv,  RgRa  in  the  same  plane  with 
R8R4,  R1R9  in  the  same  plane  with 
HsRs,  and  SRi  in  the  same  plane  with 
Ri  Rt ,  and,  consequently,  with  R4  T,-  or 
in  a  plane  vertical  at  T.  The  difference 
between  their  directions  therefore  will 
be  in  the  same  vertical  plane ;  or  in  this 
case  also  the  deflection  takes  place  in 
a  vertical  plane ;  and  as  each  successive 
refraction  is  in  passing  from  a  rarer  to 


a  denser  medium,  the  ray  will  at  each 
time  be  drawn  nearer  to  the  perpendi- 
cular ;  and  consequently,  as  before,  the 
body  will  be  raised  by  refraction. 

In  this  case  however,  as  before,  the 
amount  of  deflection  will  be  less  than 
if  the  ray  were  incident  immediately 
on  a  refracting  surface  at  T,  and  the 
law  of  its  variation  will  differ  from 
that  of  the  tangent  of  the  apparent 
zenith  distance.  If  we  suppose  lines 
drawn  from  O  through  R4,R8,R8,Ri, 
each  of  these  lines  will  be  perpendicular 
to  the  spheres  at  the  points  R4,  Rs,  Ra,  Ri 
and  pass  through  the  zeniths  of  those 
points  respectively.  Taking  therefore 
the  case  of  the  extreme  stratum  Ri  Rt, 
the  results  there  will  be  exactly  the 
same  as  those  previously  deduced  for 
a  single  stratum  of  uniform  density, 
for  it  is  one;  and  then  we  have  al- 
ready seen  that  the  deflection  at  Rs  will 
be  less  than  if  the  ray  were  immediately 
incident  there.  In  the  same  manner, 
taking  the  different  strata  in  succession, 
the  deflection  of  a  ray  incident  at  Ra  in 
the  direction  Ri  Ra  wiU  be  less  than  that 
of  a  parallel  ray  immediately  incident  at 
R3;  that  of  a  ray  incident  at  Ra  less 
than  that  of  a  parallel  ray  incident  im- 
mediately at  R4 ;  that  of  the  ray  Ri  T  less 
than  that  of  a  parallel  ray  incident  im- 
mediately at  T;  and  consequently  the 
whole  deflection,  being  the  sum  of  these 
deflections  each  of  which  is  diminished 
by  ihe  spherical  form  of  the  atmosphere, 
will  itself  be  diminished  by  it.  Ilie 
amount  of  each  particular  deflection  will 
be  determined  by  the  tangent  of  the 
angle  of  refraction  there*.  We  have  al- 
ready seen,  that  in  each  particular  stra- 
tum this  angle  does  not  accurate! v  cor- 
respond witn  the  apparent  zenith  dis- 
tance there ;  and  of  course  we  have  no 
reason  to  suppose  that  the  aggregate  of 
these  deflections  will  correspond  with  the 
tangent  of  the  apparent  zenith  distance 
at  the  ultimate  place  of  observation. 

*  [In  deducing  the  rariatlon  of  the  deflection  as 
the  tangent  of  the  angle  of  refraction,  we  con- 
■Idered  m  to  represent  the  index  of  refraction  from 
a  racuum  into  air  of  the  density  usual  at  the  earth's 
surface.  ITie  proof  however  was  independent  of 
this  particular  value,  and  only  depended  on  the 
whole  amount  of  refraction  being  very  small.  Of 
course  the  difference  of  the  densities  of  the  suc- 
cessive strata  of  air,  since  that  next  to  the  earth's 
surface  is  supposed  the  densest,  must  fall  short  of 
the  difference  between  the  density  of  that  stratum 
and  a  vacuum )  and  consequently  the  amount  and 
Index  of  refraction  in  each  case  be  lean  than  in  that 
already  demonstrated.  The  same  result  therefore, 
thttt  the  deflection  will  vary  as  the  tangent  oi  the 
angle  of  refraction,  will  apply  in  these  coses  also, 
and  with  yet  more  accuracy  from  the  yet  smaller 
Tolue  of  the  qaaotitles  neglected.] 
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These  arguments  are  evidently  inde-  small  to  make  the  law  of  the  yariation 

pendent  of  the  number  of  strata,  and  of  very  far  different  in  the  existing  from 

their  thickness.    If  therefore  we  con-  what  it  would  be  in  the -supposed  case, 

ceive  the  atmosphere  to  be  divided  into  The  whole  refraction  is  less    than  it 

an  indefinite  number  of  strata,  and  the  would  be  on  the  supposition  on  which 

thickness  of  each  of  course  to  be  inde-  that  result  was  deduced ;  but  whether  it 

finitely  small,  the  same  conclusions  will  is  diminished  at  all  altitudes  in  the  same 

hold  good.  The  diffJerent  strata,  being  still  proportion,  in  which  case  the  law  of  its 

successively  denser  as  they  approach  the  variation  would  remain  unaltered,  or 

surface  of  the  earth,  the  ray  will  be  bent  whether  it  is  affected  differently  under 

towards  the  perpendicular  at  each  ;  but  different  circumstances,  we  do  not  as 

the  difference  of  density  being  very  small  yet  see.    And  it  is  a  subject  of  more  in- 

indeed,andthepointsatwhicnthesucces-  tricate  calculation  than  it  is  desirable 

sive  bendings  down  take  place  brought  here  to  introduce.    The  result  however 

very  close  to  each  other,  the  path  of  the  is,   that  the  diminution   of  refraction 

ray  will  hardly  differ  from  a  curve  of  a  occasioned  by  the    spherical  form  of 

continuous  curvature ;  that  is  to  say,  a  the  earth  and  atmosphere  varies  as  the 

line  continually  bending,  and  not  chang-  sum  of  a  certain  series  involving  the 

ing  its  course,  as  in  the  figure  we  have  cube,   the   fifth    power,    the    seventh 

drawn,  by  abrupt  angular  deviations  at  power,  &c.  of  the  tangent  of  the  apparent 

distinct  points.    The  thinner  and  more  zenith  distance.     'Ae    terms    beyond 

numerous  the  strata,  the  more   com-  the  cube  may,  from  the  smaJlness  of 

pletely  will  the  line  assume  this  charac-  their  coefficients,  be  safely  neglected  in 

ter.'  Now  the  air  (speaking  without  refer-  all  cases  where  the  zenith  distance  does 

ence  to  accidental  circumstances,  which  not  approach  90°,  and  even  the  term  in- 

may  produce  trifling  exceptions,  which  volving  the  cube  of  the  tangent,  is  very 

even  where  they  occur  do  not  mate-  small  in  comparison  with  that   invol- 

rially  affect  the  truth  of  our  conclusions)  ing  the  tangent  itself  merely.     As  a 

continually  diminishes  in  density  as  its  rough  approximation  therefore,  the  va- 

distance  from  the  earth*s  surface  in-  nation  in  tne  proportion  of  the  tangent 

creases ;  and  consequently,  the  smaller  may,  in  this  case  also,  be  used*. 

the  thickness  which  we  suppose  each  stra- 

turn  to  have,  the  more  nearly  do  we  ap- 
proach to  a  true  representation  of  the  at-  •  VPot  scientific  parpoBes  we  are  in  want  of  a 
mn«nhprp      Di  mini  shine*  the   thickness  ™®"  accurate  estimate  of  refraction  tlsan  the 
mospnere.     Uiminisnin^  me   miCKness  gimple  one  given  in  the  text.    The  formula  given 

of  each  stratum  mdenmtely,  we  have  a  by  La  Place  is 

true  representation  of  the  atmosphere;  B=(.+|...-.»)Un.z-«i.t«..z. 

and  m  this  case  we  have  seen  that  the  '  a            ' 

line  becomes  a  curve.      Every  deflection  where  R  U  the  refraction,  Z  the  apparent  zenith, 

i«  fAwnrH«  thP  rw>nvinHion1nr  •   thpv   are  o=fi7''.8  and  6=.0O125251.    This  formula  is  gene- 

is  lowaras  tne  perpenaicuiar ,  mey  are  ^^^^^  ^^^^^  ^^^  computation,  but  does  not  apply  ac 

all  therefore  towards  the  earth,  and  the  curatcly  at  zenith  distances  exceeding  74^  or  at 

curve  described  by  the  ray  is  concave  «|titudes  less  than  ie°.   Another  formula,  of  a 

.            J    xu         ^L  simpler  form,  though  not  quite  equally  correct 

towards  the  earth.  within  the  limits  to  which  that  already  given  pro- 

In  this  case  all  the  results  which  we  perly  applies,  is  found  to  give  very  accurate  results 

hnvp  HpHiif>eH  will  smn\v     The  rav   after  ^°«"  greater  extent,  namelv  to  the  extent  of  aboat 

nave  aeaucea  wui  appiy.    i  ne  ray,  aner  g,y,  f^^^  ^^^  ztn\th,  or  within  lo^'  of  the  horizon. 

each   successive  bending,  will  be  m  the  in  this  formula,  the  refraction  is  supposed  to  vary, 

same  vertical  plane  as  before :  there  will  "o*  ■*.  *«  the  rough  approximauon  in  the  text. 

.,         ,        ,        *^     .        .         -                   .J  according  to  the  variation  of  the  tangent  of  the 

therefore  be   no  tlUHmg  to   one   side  or  apparent  zenith  dUtance,  but  to  that  of  the  Ungcnt 

the  other,  but  the  ray,    when  it  enters  of  that  dlsUnce  diminished  by  three  times  the 

♦U«   «.T<^   rtf  fVio   enoMa^nv    mill  /*nma   in  amount  of  the  refraction,  as  computed  by  that  im- 

the   eye   OI  the   spectator,  WlU  come   m  ^^^^^  approximation,    if  therefore  A  represent 

the  direction  of  a  point  higher  than  the  the  amount  of  the  reftmctlon  at  a  given  zenith 

situation  of   the    object  from   which   it  distance  p.  K  the  true  amount  of  Uie  refraction  at 

„                                  J  uny  other  zenith  distance  z,  and  a  and   r  the 

really  proceeds.     The  whole    retraction  amounts  of  the  refracUon  at  those  zenith  distances 

will   also  be  less  than  it  would  be  if  it  respectively,  as  computed  on  the  original  snppo- 

took  place  at  once,  when  the  air  has  ?e^r<Lun;"JJw^^??uhl^ 

acqunred  its  final  density.  B :  A  :•  tan.  U-3r) :  tan.  (P-««) 

This  being  the  case,  we  have  no  longer  ^ 

anv  just  ground  to  conclude  that  the  °' '^  =  un.  (p^s n) ^^  U-3r> 

refraction  at  different  zenith  distances  ^ow  the  tangent  of  46°  =  i ;  if,  therefore,  p  be 


will  vary  accurately  as  the  tangent  of  »o  assumed  thatP~a«  be  equal  to  46°,  r=a 

thp    annarent    zenith    distancp     thnncrh  tan.  (x  —  3  r),  A  being  then  the  amount  of  refrao- 

ine   appareni    zenun    aisiance,   inougn  ^^^^  ^j^j^h  corresponds  to  that  value  of  P.    A  is 

the  dinerence  thus  oocasioned  is  too  rooad  by  obserrBUoo,  or  tt  may  be  deduced  from 
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The  refraction  increases  as  the  zenith  taneent  of  any  angle  increases  as  the 
distance  of  the  body  increases ;  for  the  an^e  increases.    The  tangent  increases 
slowly  while  the  angle  is  small,  continu- 
ally more  rapidly  as  it  becomes  larger, 
SS?7,;Sn.°4i?^.7SLl*ri:l;:!U'?^^^^^  andwith«ces«verapitoywhentheangte 

Inches,  and  Fahrenheit*g  thermometer  sUnds  at  approaches  90  ,   at  WhlCh  time    alsO    it 

60.    The  jalue  of  A  (which  Is  yery  Dearly  the  beCOmCS  VCrV  great  in  absolute  amOUUt, 

Xly'Jqui'to'^k*'**"'  ^"^^  ^'^^  »•  ^•'y  and  When  the  ingle  is  of  90°  its  tangent 

We  have  mentioned  the  height  of  the  barometer  is  of  infinite  magnitude.     All  the  small 

and  thermometer  at  the  time  when  the  value  of  inaecuracip*    therefore     which  maw  hi» 

A  Is  ascertained.    It  is  evidenUy  necMiary  that  J«accurW5ies    Uiereiore,    wniCO   may   DC 

these  should  be  taken  into  the  account.    The  den-  neglected  While  the  angle  IS  Small,  Can- 

alty  of  air  increases  In  proporUon  as  the  weight  not  be  80  when  it  approaches    90«,    as 

pressing  on  It  Increases,  or  the  density  of  the  air  ^u^,  4V  ^„     ««•«««.    •    5..,««««;4^.   ^9    JL»«.«. 

lit  the  earths  surface  Increases  in  proportion  to  they  then     affCCt    a    Quantity   of    great 

the  weight  of  a  column  reaching  through  the  amount,  and  veiy  rapid  variauon.   None 

whole  atmosphere.  But  to  this  weight,  the  weight  ^f  fU^  forimiljB  declncpd   thprpfnrp  n^n 

of  the  column  of  mercury  in  the  tube  of  the  baro-  o*  "^c  lormuiffl  aeoucea  mereiore  can 

meter  Is  equal.    The  density  of  the  air  therefore  Safely  be  reued  On,  eXCept  when  applied 

Increases  In  proportion  as  the  height  of  the  mer-  to  bodics  whosC  Zenith  distance  falls  COn- 

cury  In  the  barometer  increases,  if  the  density  of  •  j^ xji..  ^u^.^  ^*  nnO   ^       u*  u 

the  mercury  in  the  barometer  remains  the  same :  lU  SKlerably  Short  Of  90  ,  Or  WhlCh  are  COn- 

refractivepoweralso,whlch  Increases,  as  its  density  siderabiV  abovC  the  horizon.     None    of 

Increases,  is  found  to  do  so  in  the  same  proportion  tVyam  nrp  nnnaiHArckH  fn  Ko  nmM i/>aK1v  on 

or  very  nearly  so.    The  whole  amount  of  refrac-  "jem  are  COnsiUerea  TO  DC  practlcaDiy  ap- 

tton  therefore,  which,  when  the  barometer  stands  phcablC  IX  the  ZCmth  distance  CXCCCds  80®, 

«j29.6.isAtan.c.--srj.wiUbe  greater  or  less  or  the  body  observed  is  within  10^  Of 

than  this  quantity  as  the  barometer  stands  above  au    u     >        ^ 

or  below  that  height:  or  if  h  represent  the  height  "^^  nonzOU. 
of  the  barometer,  our  formula  wiU  become  This  howevCr  is  of  little  importance  ; 

B  =  ^  A  tan.  u  ~  8  r).  for  uoue  of  the  most  material  observa- 

The  effect  of^  increase  of  temperature,  on  the  *\??}8  /^  ^^^  ?«    bodies  below  that 

other  hand,  is  to  Increase  the  elasticity  of  the  air,  altitude.     BelOW  it,  the  amount  of  re- 

and  also  to  diminish  the  density  of  the  column  of  j&raction,  from  CaUSCS  hitherto  UnaSCCT- 

mercury  In  the  barometer,  and  thus  to  make  an  4.   •      j  ,  j.«  ^ .  • 

equal  height  of  the  barometer  correspond  to  a  less  tained,  seems  irregular ;  the  renuction 

weight  of  air.   On  this  latter  account,  the  formula  indeed  continues  to  increase,  and  that 

already  stated  as  involving  the  height  of  the  ba-  ranidlv  rs  the  zenith  rfUtiLnpp  inorenftea  • 

rometer.  requires  a  lilUe  alteration.    If  «  be  the  "?./?»  ^JT    ^7""**  ™^^*^  ipcreases  , 

height  of  Fahrcnheirs  thermometer  at  the  time  but  it  IS  different  at  different  times,  and 

of  the  observation,  the  correcting  fracUon  -^^  in  different  places,  and  its  actual  amount, 

..,  V      .    w  •        ^^    I.     « I  1     .1.  'li  ^^^  the  manner  in  which  it  is  affected 

wUl  have  to  be  increased  wheu  (  is  less  than  60,  ..,..,..        .  ,  ,  ^ 

and  diminished  when  it  is  greateri  the  correct  by  the  State  Of  the  atmosphere,  have  UOt 

k  hitherto  been  accurately  ascertained, 
value  is  found  to  be  ^^  (1.006  -  .0001 1).  Having  thus  explained  the  manner  in 

A  separate  correction  is  required  for  the  in.  which  refraction  vahos,  WO  have  stiU  to 

creased    elasticity   of   the   air,   for    the   air    in  gee    hoW  it   affectS  OUr   observations  Of 

SJ^lSTd?  ..*"I';?^'"?tS  '?  Cl*  X  h«»'e"ly  •x'di^'.  "nd  to  explain  some 

and  ite  density,  and  consequently  ite  refracUng  remarkable    phenomena    whlch   it   pro- 

power,  is  diminished.    The  precise  proportion  in  Hnces. 

which   this   effect  is   produced   however  is  not  t   ^,       xs     1.     1  •!.  •       r  •  _a 

well  ascertained.    According  to  Bradley,  the  for-  in  the  UTSt  piaCC,  it  IS  01  importance 

muia  given  above  *•  m*de  to  include  the  effect  of  ^0  remark  that  all  heavenly  bodies  are 

temperatureinmodlfyingtheamountofrefracUon  ^like  affected  by  it.     The   effect  is  prO- 

by  multiplying  it  by  j|g^-p-^.  where  «u  the  height  duccd  merely  by  the  operation  of  the 

of  Fahrenheit's  thermometer  at  the  time  of  atmosphere;    and  Consequently   every 

the  observation :  according  to  Dr.  Brinkley,  the  ohiect    whether     aim     mnnn     or     star 

fraction  by  which  it  is  to  be  muitipUed  would  be  ORjeci,  wneiner    sun,  moon,  or    Star, 

600  ' 

^Q  I  I  peratures.    It  is  not   found  that  any  other  cir- 

TT  I...  »k..  1..*..  A..^»i^..    -«.!  T>-    ii^„t.i»»*.  cumstances  with  respect  to  the  state  of  the  atmos- 
T"  «f  A^^fnl  ri  mSl'^K  o  '^^'^  ^''  Brinkley's       ^^^^^  ^^^^  ^^  ^^^^^  ^^  refraction. 

^mST         a      fotmulti  becomes  *•  ^^^^    j^  ^  ^^^  ^y^^^  addlUonal   correcUon 

T-n-rXn^  (1.006- ,00OiOx57''J2.  ten.  (»--«r).  *o    the  formula,    required  for  purposes  of  ex. 

4bO-\'t     29.6  /  I         \         /  ifgQje  accuracy,    arising   f^om   the  variation  of 

This  formula  evidently  corresponds  with  the  gravity  at  different  poinu  of  the  earth's  surface, 
general  principle,  that  the  refraction  will  diminish  The  density  of  the  air  depends  on  the  pressure 
as  the  temperature  increases  ;  for  as  the  tempe-  upon  It  of  the  higher  strata  of  air,  and  this  is  evi- 
rature  does  so,  the  denominator  of  the  fraction  in-  dcntly  greater  as  the  gravity  Is  greater.  We  shall 
creases,  and  the  value  of  the  fraction  is  diminished,  heresitcr  see  that  the  force  of  gravity  Is  conti- 
the  value  of  the  quantity  .0001  t  in  the  numerator  niuilly  greater  as  we  recede  from  the  equator  and 
being  too  small  to  affect  the  truth  of  this  result,  approach  tue  poles  of  the  earth :  the  refraction 
Still  however  some  uncertainty  remains  as  to  the  therefore  will  be  so  also.  But  the  variation 
exact  amount  of  the  refk>action  at  different  tem-  arising  from  this  cause  Is  exceedingly  small :  even 
where  It  is  greatest  it  will  not  cause  the  refraction 

*  d6''.0  according  to  Bradley }  57".6  according  to  to  differ  by  1.350th  firom  the  Talue  which  it  would 

the  French  Tables)  67'%  72  acconlliig  to  Brinldey.  otherwiH  hare.]  _ 
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will  have  its  apparent  place  differ  from 
its  true  one  in  the  same  manner,  since 
the  same  causes  work  upon  it,  under  the 
same  circumstances,  and  for  the  same 
space.  We  have  alread)r  seen  that  the 
only  effect  of  refraction  is  to  raise  the 
place  of  the  body  ;  and  consequently, 
that  the  correction  of  refraction  is  to  be 
subtracted  from  the  observed  altitude, 
or  added  to  the  observed  zenith  distance. 
The  correction  however  is  greater 
as  the  zenith  distance  is  greater,  and  less 
as  it  is  less.  Now  at  every  place,  ex- 
cept where  the  pole  is  in  the  zenith,  all 
heavenly  bodies,  except  the  circumpolar 
stars,  rise  from  the  horizon  towards  the 
east,  return  to  it  towards  the  west,  and 
are  continually  at  different  elevations 
during  their  progress  from  the  one  point 
to  the  other,  being  highest  upon  the 
meridian.  The  circumpolar  stars  them- 
selves are  similarly  affected,  being  at 
their  highest  and  lowest  points  when 
they  pass  the  meridian ;  and  succes 
sively  at  different  elevations  at  every 
instant  between  them.  The  correction 
for  refraction  therefore  will  be  different 
at  every  different  instant ;  and  if  the 
real  path  described  by  each  star  in  its 
daily  course  is  a  circle,  its  apparent 
course  will  be  unequally  raised  above 
this  circle  in  different  parts,  and  will 
not  be  accurately  cucular.  And  so 
we  find  it:  the  apparent  path  which,  in 
the  early  part  of  this  treatise,  we  have 
spoken  of  as  circular,  is  not  accurately 


so ;  but  when  the  proper  correction  for 
refraction  is  made  in  each  particular 
Instance,  it  becomes  so:  or  rather,  to 
speak  more  correctly,  it  becomes  more 
nearly  so ;  for  there  are  other  correc- 
tions still  to  be  made,  before  it  becomes 
accurately  so.  All  the  corrections  how- 
ever are  small,  so  that  the  apparent  path 
does  not  very  considerably  differ  from 
the  true  one ;  it  will  therefore  to  all 
common  observation  appear  circular ; 
and  the  results  deduced  in  our  early 
chapters  will  be  arrived  at,  though  not 
with  strict  accuracy,  in  the  manner 
there  pointed  out. 

There  are  however  some  important 
and  curious  conclusions,  which  may  be 
at  once  deduced  from  the  doctrine  of 
refraction. 

A  ray  of  light  which,  passing  out  of 
a  vacuum,  falls  on  the  surface  of  any- 
medium,  at  an  angle  of  90°  from  the  per« 
pendicular  to  the  surface  at  the  point, 
will  not  enter  the  medium.  The  conse- 
quence would  of  course  be,  that  if  the 
external  sur&ce  of  the  atmosphere  were 
plane,  a  ray  of  light  proceedmg  fit)m  a 
star  90®  from  the  zenith  would  never 
enter  it ;  and  thus  every  heavenly  body, 
as  a  star,  or  the  sun,  would  never  be 
seen  when  just  upon  the  horizon.  The 
shape  of  the  atmosphere  however  is 
spherical,  and  we  shall  find  that  this 
prevents  the  consequence  just  pointed 
out 

In^.  10,  let  O  represent  the  centre 
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of  the  earth ;  the  circular  arc  nearest  it,  upon  it,  is  not  very  accurately  ascertained ; 
part  of  its  surface,  that  farthest  from  it,  it  varies  much  in  different  climates,  and 
part  of  the  outor  surface  of  the  atmo-  from  local  and  accidental  circumstances 
sphere.  Let  The  the  position  of  the  ob-  in  the  same.  Vapours  and  exhalations 
server,  Z  his  zenith :  0  T  Z,  therefore,  continually  affect  it ;  and  the  account 
is  a  straight  line,  and  if  T  X  be  drawn  given  in  the  latter  part  of  the  treatise  on 
a  tangent  to  the  circle  at  T,  it  will  be  Optics,  p.  56,  &c.,  of  the  phenomena  of 
perpendicular  to  O  T  Z,  and  will  be  in  the  mirage,  abundantly  snews  how  un* 
the  horizon  of  the  observer.  Inde-  certain  and  irregidar  may  be  the  re- 
pendently  of  refraction,  no  heavenly  fraction  of  a  ray  proceeding  through  a 
body  situated  below  this  horizon  could  large  portion  of  the  lower  strata  of  the 
be  seen  by  the  observer  at  T,  for  atmosphere.  Generally  speaking,  how- 
part  of  the  opaque  earth  would  be  be-  ever,  the  average  horizontal  refraction 
tween  them.  Let  a  ray,  however,  pro-  in  this  country  is  about  33'. 
ceed  from  a  heavenly  body  S,  and  meet  It  is  obvious  that  the  effect  of  this 
the  exterior  surface  of  the  atmosphere  horizontal  refraction  is  to  lengthen  the 
at  the  point  /;  through  t  draw  O  /2r,  a  period  during  which  every  heavenly 
line  passing  through  the  centre  of  the  body  appears  to  be  above  tne  horizon, 
earth,  and  tx  perpendicular  to  that  line.  It  is  seen  as  if  upon  the  horizon  when 

If  S  be  9ny  heavenly  body  depres.sed  it  is  really  33'  l)elow  it ;  it  then  appears 
below  the  horizon  at  T,  but  so  little  that  to  rise  above  it,  and  continues  apparently 
a  ray  from  it  fidls  on  the  atmosphere  at  /  above  it  during  its  whole  course,  untu 
above  the  line /:r,  that  ray  will  fall  upon  it  it  again  becomes  33'  below  it,  when  it. 
at  an  angle  S/2r,  less  than  a  right  angle;  apparently  returns  to  the  horizon,  and 
and  will  consequently  be  refracted  mto  then  sinks  below  it.  The  time  therefore 
the  atmosphere,  and  follow  the  usual  of  its  appearing  above  the  horizon  is 
law  of  refraction,  being  continually  bent  greater  than  that  of  its  really  being  so, 
downwards*.  Different  situations  may  by  the  time  which  it  takes  to  rise 
be  assigned  to  the  point  t,  and  the  star  through  an  altitude  of  33'  on  the  Eas- 
S,  each  of  which  will  transmit  the  ray  tern,  and  to  sink  through  an  altitude  of 
to  the  observer  at  T.  As  the  figure  is  33'  on  the  western  side  of  the  heavens. 
drawn,  the  ray  arrives  at  his  position  in  Conversely,  as  the  time  during  which 
the  direction  of  the  tangent  TX,  or  the  a  heavenly  body  is  really  above  the  ho- 
star  would  appear  to  be  upon  the  hori-  rizon  is  readily  computed  when  its  place 
zon ;  if  both  8  and  /  were  taken  higher,  is  ascertained,  and  that  during  which  it 
the  curve  would  pass  above  that  tan-  appears  above  the  horizon  is  easily  ob- 
gent,  and  the  ray  enter  the  eye  in  conse-  served,  the  difference  between  these  two 
quence  from  a  higher  point :  in  that  may  be  ascertained ;  and  from  it,  the 
case  therefore  a  star,  still  really  below  arc  through  which  the  body  is  ap- 
the  horizon,  would  appear  above  it.  parently  raised,  or  the  horizontal  re- 
in the  same  manner,  a  ray  proceeding  fraction,  may  be  calculated, 
from  a  body  in  the  line  Tx,  and  falling  The  sun,  as  well  as  every  other  hea- 
on  the  atmosphere  above  that  line,  might  venly  lK>dy,  being  raised  by  refraction, 
be  refracted  to  T;  and  thus  the  spherioEd  the  period  during  which  he  appears 
form  of  the  atmosphere  would  render  a  al)Ove  the  horizon  is  increased,  or  the 
body,  reaJly  exactly  upon  the  horizon,  day  is  lengthened  by  that  means.  In 
visible :  the  consequence  to  which  re-  the  same  manner,  as  we  have  already 
ference  has  been  made  above.  observed,  p.  28,  the  effect  of  refrac- 

The  amount  of  the  horizontal  refrac-  tlon  in  places  where  at  one  season 
tion,  or  the  real  depression  below  the  ho-  of  the  vear  the  sun  never  appears  to 
rizon  of  a  body  which  appears  to  be  just  rise,  and  at  another  never  to  set,  is  to 
increase  the  length  of  time  during  which 

•  [Since**,  TX  are  perpendicular  to  the  line*  he  is  continuaflv  above,   to    diminish 

Ox,  OZ  respectively,  on  the  same  side  of  those  4k««.   A,,^i^^   ^«\d^V,    Vio    io     /«nnf;nti»ll.. 

Unes,  they  are  inclined  to  each  other  at  the  same  »^hat   during   WhlCh    DC    IS     continually 

angle  as  those  lines,  or  at  the  angle  TO  *  (Trea-  bcloW  the  horizon. 
tise  on  Geo.  1. 18)  j   or,  as  the  line  *«  evidently  Xhp  AnMrint^  nf  refrartinn  fnmiehpe  nn 

tends  doirnwards  ttom  Tx,  the  line  t»  is  de-        ineaocinneoi  reiraciion  mrnisnesan 

pressed  below  T  X  by  that  angle ;  it  therefore  explanation  of  another  remarkable  fact. 

Si"  '•*JL£r*?'^  •"y  ^^  ^^^?}^  **  "*^*  depressed  Every  one  has  observed  that  the  sun 

!r «:,  "prSsS  hSFotX** U7o"  ^  ?kVy  ^n  and  ioon,  when  very  near  the  horizon, 

angle  less  than  TO/,  and  S  «  a  ray  proceeding  appear   of   an   OVal    shape,  their  width 

2"."  '.'•oS*  S'/.rllU'u.i."  Tt.'^Z't^r^i  1:°?^^^'*!!?  ''^">ing,,g'-eat«  l^an  their 

fight  angle.}  height  vertically.    The  variation  of  re« 
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fraction  at  altitudes  little  above  the  ho-  not  make  the  diffeience  of  mora  thaii 

men  cannot  l»conwtly  computed  from  about  a  fiftieth  part  ^ttiig  q^ST 

the  formul*  given  above,  but  it  wiU  «tiU  an  amount  far  too  smaU  to  produM  any 

have  some  corrwpondence  with  them,  perceptible  effect  on  the  XeSd^n^ 

Now  they  depend  on  the  tangent  of  the  {^t  ferm  of  so  la»^  robS*      ^^ 

zenith  distance,  or  of  an  angle  only  a  «                               ««*"mci.t  . 

little  less.    The  tangents  of  angles  dif-  Section  III. -^O/Parallax-^Its  nature 

fering  veiy  little  from  right  angles  in-  ?^  variation-^Mode  of  ascertaining 

crease  very  rapidly  for  small  alterations  *'*  amounts-Deduction  frtmi  it  of 

in  the  amount  of  the  angle.    It  is  plain  the  distances,  diameters,  and  magni- 

then  that  the  amount  of  refraction  must  **"*"  ^  Heavenly  Bodies^Identity 

vary    very   rapidly   also.     The   whole  ^/  sensible  and  rational  horizon-^ 

amount  of  the  refraction  near  the  ho-  ^^'^'^^^^  of  Moon's  apparent  diameter 

rizon  is  considerable  :  its  changes  there-  ^  '^  approaches  the  zenith, 

fore  are  considerable  also.    The  apparent  Generally  speaking,  if  different  per- 

diameter  of  the  sun  is  of  about  32' ;  the  sons  view  the  same  olyect  from  different 

variation  of  refraction  very  near  the  ho-  places,  they  will  see  it  in  different  direo- 

rizon,  occasioned  by  a  variation  of  al-    — 

titudeof  32',  is  generally  not  less,  or  is  *i,!„iS  ^i°"S*?,"  7**^*"*  P''*  «'  ^^  »°bject. 

even  greater  thaS  4'.  l/ow  distinct  rays  SeT^rS^tSS-^rXiJf^ur  ^^^^^^^^^ 

proceed  from  the  different  parts  of  the  ^"®"  '?"y  ^"  *«  ?•  24)  the  canse  of  the  com- 

sun-s  body:  a  ray  therefore  proceeding  PSlSi^Ari^.TS'dni^lfSl'irJjr^'SiSi 

from  his  upper  hmb,  or  rather  from  the     and  important  phenomenon  of  twilight.      ™"°™ 
highest  point  of  it,  will  be  raised  by  re-        J*?*"  *Z*^  °'  **^*  pasie*  through  any  medlnm 

ftaction  4'  less  than  one  proceeding  from    '^rinilwu  ?b"3^X"u*,Jj3iiS.l2i° 

the  lowest  pomt,  or  the  apparent  vertical     "**  ^^  quanUty  of  course  increases,  as  the  ray 

diameter  will  be  4'  less  than  it  ought  to    §??^'en]i?"55  ,!.;i!***'  ^"^^  V  *?*  medium. 

K«    ««  *u««  oo/    «~j      '11  Au       r        L        *     A"e  aenser  and  less  transparent  also  the  medium. 
DC,  or  than  32',  and  will  therefore  be  of     *!»«  greater  is  the  amount  of  light  absorbed.    Now 

28'  only.    The  apparent  horizontal  dia-  fu  ^V  p™*^®®^*"*  fr®**  a  body  near  or  upon 

meter  will  hardly  be  at  all  affected:  for  !J?hl''.ri.^.^,  l&'„e\'SS*.'i;S'/S?2 

as  refraction  takes  place  only  m  a  ver-  "**  zenith,    por  instance,  in  the  figure  lo,  a 

tical  dir«5tion  aU  the  pdnts  of  the  hori-  Jg  ^1:^,^^"^  i'^Z^^rJSl.^'^Z^ 

ZOntal    diameter    will     be    raised     very     space  t  T.    Besides  thli  U  is  obvious,  from  mere 

nearly  parallel  to  each  other*,  and  being  l2"P,!*^**®*V.^  '^"  ^f?'  *^** "  ^^^^  proportion  of 

at  the  same  altitude,  they  will  be  eoually  «L"re.^h^nV^^^^  '?L?iine'vT  pTse"; 

raised.     The  apparent  horizontal  dia-  dl«'«c'»y  through  aii  the  strata  j  the  line  «t  passes 

meter  therefore  will  continue  of  32' :  and  t  SIS  nSr"?  'tZ^^^^^l'^  horiiontaiiy  near 

iu ^  -ii  .     i_  'J.     1.       '  r  '•  *"*°  near  f,  and  consequently  Is  longer  in  pro- 

tne  sun  will  appear  to  have  its  diameters     porUon  among  the  strata  nearest  the  earth's  sur- 

in  the  proportion   of  28  and  32   to  each     :u*^**.v*"i.'^"®  *"  <*eo«er  and  less  transparent 

other   and  will   therpforP  PMiimp  a  n^r       ****kJ?*  ***?***!!  ■**?*^  .The  quantity  of  light  ab- 
ouier,  ana  win   inereiore  assume  a  per-      sorbed  must  therefore  increase,  both  from    the 

Ceptlbly    oval   form.     The   same   Obser-     faster  space  of  air  which  the  ray  traverses,  and 

Vations    will     annlv     to    thl»    mnnn     in      "*»"*  *h«  S^**'*^  proportion  of  the  denser,  in  com- 
vaiiuns    will     appiV     lO    ine    mOOn.    in     ^^^^  ^Ith  the    rarer,   air  through  which    it 

Simuar  situations.    It  is  nardly  necessary  passes.    The  quantity  of  Ught  absorbed  being  thus 

to  observe,  that  the  numbers  here  taken  ^"^'^••ed,  that  which  remains  is  diminished,  and 

arp   onlv   uspH  fnr  thp  nnmncoc  nf  ;il.io  the  body  appears  more  faintly.    This  effect  Is  most 

are   oniy   USea  lOr  ine  purposes  of  lllus-  strongly  produced  near  the  horliou:  but  the  line 

tratlOn,   and    that  the   degree  in   which     drawn  to  the  zenith  is  the  shortest  of  any  which 

the   apparent  shape  becomes  oval,  will  5f?"/>'°'*8*  '***  atmosphere,  and  those  more 

_      .•*'^ii  y     *•«,         .  ,».,."*  distant  from  It  are  continually  longer  as  the  dls- 

COntmually  vary  m   dlfterent  conditions  Unce  Insreases.   The  absorption  ©flight  therefore 

of  the    atmosphere.      At  greater   eleva-  **  **■■'  *°  ^***^  lenlth,  and  continually  greater  as 

4:^,^»  vt^  »..aU   «%A«.AArxf;KlA  »«r^^«.  :  thesenlth  distance  Increases,  or  the  altitude  di- 

tionsno  such   percephble   effect  is  pro-  minlshesj    and  a  heavenly  body  will,  although 

duced,  for  there   the  refraction  itself  is     i>o^  ▼•^ry  observably,  except  within  a  moderate 

small,  and  its  variation  also  slow.    For    ?*"^;"".k'  *^«  hori»on,  be  brighter  the  higher  u 

^  A  A\^        ii.'x   J       r     i_      A    T-ft      Is  above  the  horison. 

instance,  at  the   altitude  of  about  45  ,         The  rays  of  light  are  capable  of  reflection,  as 
the  refraction   is    only    about  57",   and     well  as  of  refraction  or  absorption.    Thus,  if,  In 

thp    vnrintinn    nf  ?*X'   in    oUif nrfp   wnnl/l      "*"''®  ^^»  ^  '  represents  the  course  of  a  ray  pro- 
me    variation   OI  d^    in   aiuiuae  WOUla     ceedlng  f^om  a  body  depressed  lower  below  the 

■  horizon  than  the  line  t  *,  the  ray  may  meet  a  par- 

*  [In  strictness,  the  horizontal  diameter  will  be  tide  of  air  at  t,  and  be  in  part  reflected  by  it ;  and 

a  very  little  diminished :  for  the  extreme  points  of  if  the  angle  C  ^O  be  equal  to  the  angle  made  by  the 

the  sun  being  raised  in  vertical  circles,  which  con-  direction  of  tT,  at  the  point  ^  with  the  line  t  O, 

verge  to  the  zenith,  they  will  be  brought  nearer  to  the  course  of  the  ray  C  t  after  reflection  will   be 

each  otherby  reason  of  that  conveiigence.  The  con-  the  same  as  that  of  the  ray  S  t,  after  refraction : 

vergence  however  is  exceedingly  small,  the  clr-  or  it  will  come  to  the  eye  of  a  spectotor  at  T.     It 

cles  being  ooly  about  half  a  degree  apar^  and  the  will  not,  being  reflected  only  from  a  single  point, 

situation  of  the  points  raised  by  redaction  beins  and  a  small  part  only  of  the  light  being  reflected 

nearly  90<>  Arom  th«  senith.]  ^  at  all,  produce  an  image  of  the  body  C :  but  thoagb 
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tions.    Thus,  if  in  figure  11,  A  and  B 
represent  the  stations  of  two  observers, 


no  dlBtlnct  Image  Is  formed,  light  will  be  trans- 
mitted to  the. eye. 

This  however  is  not  the  only,  nor  the  principal 
way  in  which  light  proceeds  to  the  eye  fVom  a  body 
depressed  too  far  below  the  horison  for  it  to  appear 
upon  or  above  It  by  Uie  effect  of  refraction.  Light 
fails  upon  different  particles  of  air  presented  to  It 
in  different  sltaatlons,  and  under  different  circum- 
stances, and  Is  reflected  In  consequence,  and  dis- 
Sersed  throueh  the  atmosphere  in  a  yarletv  of 
irections.  It  Is  Indeed  this  dispersion  which 
occasions  that  general  difllislon  of  tight  through 
the  air  to  which  we  owe  almost  all  our  opportu- 
nities of  sight,  and  without  which  nothing  would 
be  Tislble  except  the  luminary  itself,  and  those 
objects  so  situated  with  respect  to  It,  as  exactly  to 
reflect  to  the  eye  rays  proceeding  from  it.  Without 
this  dispersion  we  should  see  the  sun  at  noon-day 
as  a  brilliant  object  surrounded  by  intense  darlc- 
ness  I  and  Its  wide  range  cannot  be  better  exem- 
plifled  than  by  its  maldog  the  whole  vault  of  the 
sky  visible,  nor  its  rariatlons  in  degree  better  than 
by  the  strong  Irradiation  which  pervades  those 
parts  of  the  sky  near  the  sun,  as  compared  with  the 
mild  blue  of  those  more  distant  from  that  body. 
Bays  thus  dispersed  may  Se  successively  reflected 
from  one  particle  of  air  to  another,  and  Anally  to 
the  eye  i  and  as  there  Is  nothing  to  determine  the 
situation  of  the  different  particles  with  respect  to 
the  rays  which  fall  on  them,  their  reflections  may 
take  place  In  any  possible  direction  i  and  there  is 
In  consequence  uo  Impossibility  that  a  ray,  once 
entering  the  atmosphere  at  any  point  whatever, 
may  be  thus, transmitted  to  the  eye  of  an  observer 
situated  anywhere  soever  on  the  earth.  Where- 
ever  the  sun  may  be,  his  rays  fall  on  some  part  of 
the  atmosphere  and  enter  It :  howerer  far  therefore 
he  may  be  below  the  horiion.  It  Is  not  impossible 
that  some  light  may  be  transmitted  from  him  to  the 
eye,  and  it  Is  even  probable  that  some  always  Is  so. 
The  quantity  of  light  thus  received  however 
will  necessarily  continually  decrease  as  the  sun 
sinks  lower  below  the  horizon.  A  greater  number 
of  reflections  will  be  necessary  to  transmit  the 
light  to  the  eye  at  all }  and  thus  not  oniy  the  light 
of  a  single  ray  will  be  feebler,  but,  a  greater  com- 
plication of  circumstances  being  necessary  to 
transmit  a  ray  accurately  to  the  eye,  a  smaller 
number  will  arrive  there.  Altogether  therefore 
as  the  aun  sinks  lower  below  the  horison,  the  light 


each  observing  the  same  body  X,  and 
A  B  £  be  a  line  drawn  through  A  and  B 

received  from  him  Is  diminished  }  and  we  do  ob« 
serve  correspondingly,  that  the  light  of  day  gra- 
dually fades  away  after  sunset,  or  gradually  in- 
creases before  sunrise,  and  that  there  is  a  consi- 
derable interval  between  these  periods  and  that  at 
which  the  darkness  is  complete,  or  as  nearly  se  as 
we  ever  observe  it.  This  Interval  Is  called  twi- 
light :  it  is  generally  considered  to  last  till  the  sun  is 
18°  below  the  horixon,  as  It  has  been  thought  that 
the  greatest  observed  darkness  does  not  exist  when 
be  Is  less  depressed.  An  element  of  this  kind 
however,  which  depends  on  no  principle  of  sci- 
ence, does  not  admit  of  any  very  accurate  deter- 
mination} It  in  fact  differs  In  some  degree  in 
different  climates }  and  the  depressions  assigned  by 
different  writers  have  accordingly  been  yarious. 

The  duration  of  twilight  is  different  at  different 
places  of  the  earth's  surface,  and  at  different  sea- 
sons of  the  year  at  the  same  place.  It  is  least  at 
those  parts  of  the  earth  where  tiie  pole  of  the 
heavens  Is  In  the  horizon  }  for  there  all  the  circles 
of  daily  rotation  (their  planes  being  always  per- 

Bendicular  to  the  line  Joining  the  poles,  and  that 
ne  being  then  in  the  horizon)  are  perpendicular 
to  the  horixon,  and  there  is  an  end  of  twilight 
therefore,  as  soon  as  the  sun  has  performed  so 
much  of  his  daily  rotation  as  is  equal  in  space  to 
18°  of  a  great  circle.  Thus,  when  he  is  in  the 
equator,  18°  of  his  course  are  themselves  18"  of 
a  great  circle,  and  the  twilight  ends  when  he 
lias  described  18°  of  his  course  after  sinking  be- 
low the  horizon,  or  It  is  of  lb  12™  duration: 
when  he  is  at  either  of  the  tropics,  18°  of  bis  circle 
of  daily  rotation  are  equal  to  little  more  than  16^° 
of  a  great  circle,  and  it  takes  upwards  of  I&i°  of 
his  daily  course  to  be  equal  in  space  to  18°  of  a 
great  circle ;  or  the  duration  of  twilight  is  some- 
what more  than  Ih  I8m.  Again,  where  the  heavenly 
pole  is  in  the  zenith,  as  there  is  but  one  night, 
tp.  27)  there  are  but  two  twilights  in  the  year* 
At  the  North  Pole  there  Is  night  as  long  as  the 
sun's  declination  Is  South  )  but  whenever  it  does 
not  exceed  18°  South,  the  sun  is  never  more  than 
18°  below  the  horizon  j  or  whenever  this  is  the 
case  there  is  twilight.  From  the  autumnal  equinox 
then,  when  the  sun  sinks  below  the  horizon,  till 
November  12th,  when  he  attains  the  South  decli- 
nation  of  18°,  there  Is  continual  twilight }  then 
night  unrelieved  by  twilight  until  January  29lh, 
when  he  returns  to  the  declination  of  18°  South  ; 
and  then  again  continual  twilight  until  the  vernal 
equinox,  when  he  rises  above  the  horizon,  and 
makes  the  day  of  half-a-year.  In  Intermi-diate 
points  of  the  earth,  the  considerations  regulating 
twilight  are  more  complicated.  When  the  pole  is 
elevated  above  the  horizon,  but  not  in  the  zenith, 
the  circles  of  daily  rotation  are  oblique  to  the 
horizon,  and  cut  it  at  different  angles,  and  proceed 
below  it  in  different  directions,  as  they  cut  it  at 
different  points.  The  duration  of  twilight  depends 
on  the  time  at  which  the  sun  is  18°  of  a  vertical 
circle  below  the  horizon}  and  the  actual  space 
which  it  is  necessary  for  him  to  describe  that  he 
may  be  thus  far  depressed,  will  evidently  be  greater 
the  less  rapidlv  he  sinks  below  the  horizon.  Be- 
sides, the  number  of  degrees  of  his  diurnal  circle, 
comprised  in  a  given  space  of  the  heavens,  will 
increase  as  his  diurnal  circle  diminishes  in  magni- 
tude ;  and  on  this  account  also,  the  length  of  twi- 
light will  be  different  at  different  times  at  the  same 
place.  It  will  also  be  different  at  the  same  time 
at  different  places  j  for  the  circles  of  diurnal  rota- 
tion will  cut  tbe  horizon  at  different  angles,  as  the 
pole  is  more  or  less  elevated  above  the  horizon. 

At  London  the  North  Pole  is  elevated  5U°  above 
the  horizon  :  the  point,  therefore,  which  is  on  the 
meridian  1B°  below  the  North  point  of  the  horizon. 
Is  fi9^°  distant  from  the  North  Pole,  and  therefore 
has  2Vi°  of  North  declination,  and  is  of  course  the 
lowest  point  of  tlie  parallel  circle  of  that  declina- 
tion, or  of  the  circle  of  diurnal  rotation  which  the 
sun  describes  when  his  declination  is  20^"^  North. 
At  this  time  therefore,  or  on  the22d  day  of  May,  he 
never  sinks  more  than  18°  below  the  horizon,  or  there 
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In  the  plane  passing  through  A,  B,  and  to  refer  the  apparent  place  of  the  body 

!X,  so  as  to  furnish  a  standard  to  which  X,  it  is  obvious  that  the  angles  X  A  E, 

,  ,  ,,.  ^, ,   ,^ — T^ 7Te 7. X  B  E,  made  with  the  line  by  the  body*s 

is  twilight  for  tbe  whole  penodfromaanset  to  sun.  -._._.„     'x     j:-«w.a:/^-,      «,«,    Alff^^^^*.     ;., 

riscondthiscontiDuestobethecase.asiongashis  apparcnt    direction,   are  ditrerent    m 

North  declination  continues  greater  than,  or  equal  the  twO  instances.  In  the  same  man- 
to  20i^  or  from  May  22d  to  July  2l8t.  From  that  ^p.  :f  p  (.^^  T|  rAnrospni-  fh^  rAunt^^  nf 
time,  he  sinks  farthir  than  18°  below  the  horizon  j  ]^^^*  "  ^  ^^^  ^  represent  tlie  places  01 
at  first  for  a  very  short  period,  so  that  as  be  then  the  tWO  ODServerS,  SUppOSed  nOW  mOre 

aeu  a  little  before  eight  o'clock,  and  the  twilight  distant  from  the  oWect,  and  C  D  F  be  a 

does  not  end  till  he  attains  very  neariy  to  bts  i*          i               •       al 

greatest  depression,  or  till  very  near  midnight,  the  "ne  drawn   m  tne   same  manner  as 

duration  of  twilight  is  nearly  four  hours  in  the  ABE  before,  the  angles  X  C  F,  X  D  F, 

feVening    after    sunset,   and  the    same    in    the  -nadp  with  this  linp  hiMhp  hAHv'se  ttnnA^ 

Inornlng   before   sunrise.     From   that  time  the  maae  Wlin  iniS  Une  OynnC  WOy  S  appa- 

length  of  twilight  continually  diminishes  uu  about  rent  direction,  are  again  different  from 

three  weeks  after  the  autumnal  equinox,  when  it  gach  Other.   The  difference  between  the 

attains  its  least  value,  which  is  about  1"  50m}  It  .                 ...             ,                  .,               . 

then  Increases  again  tiU  the  winter  solsUce.  when  tWO  angles,  IS,  m  Cacll  Case,   the  angle 

U  in   2hrm}    then   again    diminishes  till  about  AXB,     Or    C  X  D,    subtended   by   the 

three  weeks  before  the  vernal  equinox,  when  the  Hiatftnfifi  hptween  the  nlaces  of  thp  twn 

sun  being  again  at  the  same  declination  as  at  the  «JSiance  DClween  ine  piaces  OI  Uie  IWO 

former  period  of  three  weeks  after  the  autumnal  Observers  at  the  poSltlon   01   the   bodv 

equinox,  the  twilight  again  has  its  least  length  of  X :  for  the  cxterior  angle  of  evcry  tn- 

Ih  SOiii,  and  thence  it  again  continually  increases  i      u   •  i    a     au  **  lu 

till  the  22d  of  May,  from  which  time  It  iasU  during  angle    DCmg    equal    tO  the  SUm    Of  the 

the  whole  night.    The  variations  will  be  similar  at  interior   and    Opposite   angles,  X  B  E  = 

other  places,  but  the  periods  at  which  the  twilight  YAT3'_i_AY"D./\».Y'm?      YAT?  /f»>/» 

continues  during  the  whole  night,  and  at  which  it  ^^  r^fJ^  A  JJ  ,   Or  A  U  IL  ■-  A  A  I!*  {XliQ 

is  shortest,  and  the  actual  length  of  its  duration,  difference  of  the  apparent  directions) 

"^'^i?^  ^i^iJ^^^T  *^  T'X  ^'^f  ^"*.  J*^'S?o  ''°  S*  =  A  X  B.     In  the  same  manner,  in 

earth.    When  the  latitude  is  less  than  48|°,  or  the  .,          .,                        -v  Vk  -o         -v  i^  "o    Iau 

pole  is  less  elevated  above  the  horiion  than  48*°.  the    Other    Case,     A  D  F  —  A  U  Jf    (the 

there  *vill  be  no  period  during  the  year  at  which  difference  Of  the  apparent  positions)  = 

the  twilight  will  last  during  the  whole  night ;  for  nvn    T*  ;«  ^^riA^^*-  \v.,a«  <fu^«««  :»e«%A<a;«NM 

in  these  cases  the  distance  from  the  pole  of  a  point  ^-^P'  ^  »  evident,  CVen  from  inspection 

in  the  meridian,  18°  below  the  horiton,  will  be  less  of  the  figure,  where  the  CirCUmstances 

JJl*!!  o^«%°'.r**  *^/^*»'!l'"?f'*'?,  *^*n?'^  ^''^'^i  of  the  two  cases,  except  as  to  the  dis- 

than  23i°,  the  greatest  declination  of  the  sun;  and  .            j.          ai.    i.   j     -v                     i      •     * 

the  sun  consequent iy,  when  on  the  meridian  below  tSJlce  trom  the  l)0ay  A,  are  nearly  Simi- 

the  pole,  will  be  more  than  18°  below  the  horison.  lar,  that  this  angle  is  larger  in  the  case 

The  duration  assigned  to  twilight  may  seem  ^f  ♦  Up  nn^ition*^    R    whir^h  nrp  nMnvr 

longer  to  many  readers  than  they  would  expect  to  ^I  ine  pOSlUOns  A,  U,   wnicn  are  nearer 

find  it  J  and  they  may  be  surprised  at  learning  that  tO  X,   than  m  that  Of  C,  D,    Whlch  are 

it  is  not  shortest  in  the  depth  of  winter.  This  ^q^q  distant  from  it.      The  manner 

arises  from  the  popular  use  of  the  word  twilight.  ,                     •           u*  u    al                     *,           • 

Astronomically  speaking,  it  is  the  period  durihg  nowever  m  Which  the  amount  varics 

which  it  is  thought  that  light  comes  perceptibly  dcscrves  morc  minute  consideration. 

to  the  eye  from  the  sun  below  the  horlKon :  in  t_   al^  4;«.c^    ^la/tA    U  ;<,   avI/IamI-   4V>^4. 

common  language,  it  is  the  time  during  which  a  *"  ^"®  "^^   piace,  II  IS   evioeni   tnai 

considerable  quanUty  of  light,  but  decidedly  infe-  the    figure  represents   the   wholc  altcr- 

rior  to  that  of  day,  so  comes,  a  quantity  sufficient  ^tion    produCCd    by  the  change  Of  PO- 

to  make  a  marked  difference  between  the  appear-  .  *.        *    *'**«'-  «      /     "^  Tu      ®  ij.       if 

ances  presented,  and  those  either  of  broad  day,  or  of  SltlOn.         It    represents    the     alteration 

night  J  and  thus  we  hardly  begin  to  call  it  twilight  produced    in    the    plane    A  X  B  I     and 

till  some  little  time  after  sunset,  and  cease  to  think  «„      a     IJ     Y      o^a     «11    n/x;*i«e    iJ%    *Uio 

about  it  as  such,  long  before  all  rays- cease  to  be  **     A,   D,   A,    are     aU    pomiS    m    iniS 

perceptibly  transmitted.    This  period  therefore  is  plane,  the  apparent  direction  of  X  from 

very  much  shorter  than  that  of  astronomical  twi-  tint h    A  nnrt  H    will    h<»    n    lina    in    *hi« 

light,  and  eapeciaiiy  so  in  the  winter,  when  much  V                ??^                     .         .:■                    i 

of  the  light  that  would  otherwise  come  to  the  eye,  plane,  and  its  apparent  position,  a  Or  0, 

and  produce  what  is  commonly  called  twilight,  is  a  point  in  it.      In  the  samc  manner, 

lost  and  Intercepted  by  a  itaisty  atmosphere,  and  5ai.                      a.         -a-             t  -tr  il.  ^ 

the  heavy  clouds  frequent  at  that  season.    The  as.  <^»  »»   the  apparent  pOSltlOUS  Ot  A  iTOm 

tronomlcal  twilight  of  mid-winter  does  not  exceed  C  and  D,    will   Cach   be    points    in    the 

the  shortest  astronomical  twilight  by  much  more  nlsinp    nsutQino*    fhrnnirh    C    X     and   D 

than  a  quarter  of  an  hour :  and  these  causes  may  K5  ?    P^^"8:    mrOUgn    V^,  A,    aUQ  U. 

eaitlly  make  the  diiference  between  the  astrono-  The  tXMiy  therefore  IS  secn  in  the   same 

inical  and  the  popular  twilight  vary  by  more  than  plane,  both  from  A  and  B ;  or,  in  the 

this  quantity,  and  if  so,  the  twilight  of  winter  5^4U«..\.«-«   ;•»  ♦».«  »«•«.«  ^\^J^  K«*u  r.^w. 

will  blj  called  the  shorter.   On  an  evening  of  very  Other  case,  in  the  same  plane  both  from 

heavy  cloud  indeed  there  may  be  very  little  per-  C  and  D  I     the   alteration    therefore    Of 

ceptible  twilight  at  any  season  of  the  yearj  so  :♦-  annarpnt  nositinn  in  that  nlanp  i«  the 

many  of  the  rays  reflected  from  the  upper  regions  *«  »PPareni  posilion  m  inai  plane  IS  me 

of  the  atmosphere,  and  which  would  otherwise  OniV  alteration  Whlch  it  CXpenenceS. 

Sr?iXno,lVi  ^*'"^  intercepted,  and  eitiier  absorbed,  fThe  manner  in  which  the  amount  of 

or  reflected  away  firom  the  earth,  by  the  clouds  In  A.*h.      u       *•                                   u       *      -.-.« 

the  lower  regions  of  the  air.  this  alteration  vanes  may  beat  once 

It  is  obvious  that  the  same  principles  which  pro-  deduced  from  the  first  principles  of  tri- 

duce  twilight  by  the  reflection  of  the  sun's  rays  jrnnnmpfrv         Prtnfinini    niirsplvp^     fnr 

would  produce  a  siroilnr  phenomenon,  or  a  lunar  gOnOmeiry.       VyOnnning    OUrseiVes     lOr 

twilight,  by  the  reflection  of  those  of  the  moon.     • 

The  light  of  that  body  however  is  so  inferior  to  a    clear    night   nevertheless,  the   sky  begins    to 

that  of  the  sun,  that  it  never  produces  a  twilight  of  brighten,  especially  in  that  part  nearest  to  the 

practical  importance  and  utility,  and  the  conse-  moon,  for  some  time  before  she  actually  appears  In 

quence  is,  that  It  is  never  spoken  or  thought  of.  On  the  horlxou  j  and  this  is,  strlcUy,  a  lunar'tivilight. 
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the  future  to  the  triangle  ABX,  we 
have  these  equations. 

sin.  X  =  sin.  A.  - and 


sin.  X  =  sin.  B. 


BX 
AB 
AX' 


If,  therefore,  the  distances  AB  and 
BX  remain  constant,  the  sine  of  the 
angle  expressing  the  change  of  position 
increases  or  diminishes  in  the  same  pro- 
portion as  the  sine  of  the  angle  made  at 
the  position  of  one  observer,  by  the  star 
and  the  position  of  the  other  observer ; 
if  this  angle  remain  constant,  the  sine  of 
the  angle  expressing  the  change  of  posi< 
tion  increases  with  the  increase  oi  the 
distance  between  the  two  stations,  and 
diminishes  with  the  increase  of  distance 
of  the  body  itself.  Thus,  in  the  figure 
as  drawn,  the  distances  A  B,  CD,  and 
the  angles  ABX,  CDX,  are  equal; 
the  sine  of  the  angle  AXB,  therefore, 
must  exceed  that  of  the  angle  C  X  D  in 

the  proportion  of  -t-t^  to  77^ ,  or  of 

C  X  to  A  X ;  or,  as  the  figure  is  drawn, 
nearly  in  the  proportion  of  2  to  1 ;  and 
if  the  angles  are  neither  of  them  laige, 
the  ratio  of  the  angles  themselves  will 
not  be  very  different.  If  tiie  distance 
AX  or  BX  be  indefinitely  increased, 
while  the  line  A  B  remains  the  same,  it 
is  evident  that  the  sine  of  the  an^le  X, 
or  the  an^le  itself,  or  the  alteration  of 
position,  will  become  indefinitely  small.] 
The  earth  is  a  body  of  large  magni- 
tude; the  distances  therefore  at  which 
different  observers  may  be  placed  from 
each  other  on  its  surface  may  be  very 
great,  and  the  differences  between  the 
apparent  positions  even  of  very  distant 
bodies  may  in  consequence  be  very  con- 
siderable. It  is  necessary  therefore  to 
have  some  means  of  ascertaining  the 
amount  of  these  differences,  before  we  can 
compare  observations  made  at  one  place 
with  observations  made  at  another.  This 
amount  evidently  varies  for  each  parti- 
cular pair  of  places,  for  it  depends  both 
upon  their  distance,  and  upon  the  direc- 
tion of  the  line  joining  them  with  refer- 
ence to  the  body  observed.  The  compu- 
tation therefore  would  be  different  for 
each  case,  and  could  not  be  made  at  all 
without  knowledge  of  the  distance  of  the 
two  places,  and  the  direction  of  one  as 
measured  from  the  other.  These  are 
both  of  them  elements  of  vexy  difficult 
ascertainment ;  so  that  if  it  ,was  neces- 
sary to  make  these  computations  in 


every  instance,  it  would  be  almost  im« 
possible  to  compare  successfully  the 
multiplicity  of  observations  made  ,by 
different  observers  at  different  places. 

This  difficulty  however  may  be 
avoided.  The  centre  of  the  earth  is  a 
point  equidistant,  or  nearly  so,  from 
every  point  on  its  surface;  it  is  also 
directly,  or  very  nearly  directly,  below 
every  point  on  its  surface.  An  ob- 
server then,  wheresoever  situated,  will 
know  the  direction  of  the  centre  of  the 
earth;  and  its  distance,  even  if  not 
ascertained  exactly,  will  yet  be  the  same, 
or  very  nearly  the  same  for  all.  It  is 
also  through  the  centre  of  the  earth,  not 
through  the  position  of  any  particular 
observer,  that  we  have  considered  the 
axis  of  the  heavens,  and  all  the  great 
circles  of  the  sphere  to  pass.  On  these 
accounts  it  has  been  agreed  to  regard 
that  as  the  true  place  or  direction  of  a 
heavenly  body,  which  would  be  its  place 
or  direction,  as  seen  by  an  observer 
placed  at  the  centre  of  the  earth,  if  the 
earth  itself  did  not,  by  its  opaqueness, 
intercept  his  vision.  The  apparent  po- 
sition at  any  point  on  the  surface  of  the 
earth  is  di£^rent  from  this,  and  the  dif- 
ference is  call^parallax,  from  a  Greek 
word,  signifying  a  change  of  position 
of  one  point  with  respect  to  another. 
To  ascertain  therefore  the  true  place 
of  a  body,  that  is  to  say,  its  place  as  if 
viewed  from  the  centre  of  the  earth,  we 
must  correct  its  observed  place,  by 
making  an  allowance  for  the  effect  of 
parallax.  The  manner  in  which  this, 
allowance  is  to  be  made,  we  shall  now 
proceed  to  explain. 

For  this  purpose,  in/^.  12,  let  the 

Fig.  12. 
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circle  represent  the  earth,  supposed  to  parallax  is  the  greatest  possible.    This 

be  accurately  spherical,  T  the  {daoe  of  matest  parallax,  as  it  occurs  when  the 

an  observer,  O  tlxe  centre  of  the  earth,  body  appears  in  the  horizon,  is  called 

OT  therefore  will  be  perpendicular  to  the  horizontal  parallax  of  the  body, 

the  horizon  at  T,  and,  if  produced,  will  The    sine  of   the   horizontal  parallax 

pass  through  the  zenith ;  or  it  is  a  ver-  therefore,  (since  in  this  case,  sin.  Z  T  S  = 

tical  line.    Let  She  the  position  of  any  .        „       .  TO 

heavenly  body,  and  join  TS.  OS.    The  sin.  90°  =  1  is  equal  to  -^  ,  or  to  the 
line  T  O  being  a  vertical  line,  the  plane        ,.        ,  .,  .,    j-  -j  j  u    ^v     ,. 

TSO   must  necessarily  be  a  vertical  ™^^8  ^J  ™  ®u'^^  ^^'^^^u^  *^®iS" 

plane.     Now  the  angle  TSO  is  the  *«^f  °f  ^^f   ^X  ^^"^  ^^^   f«J^8 

Sifference  between  the  apparent  place  "^^^^'^  ®^'  ^  ^®  ""^  *^«  horizontal  pa> 

of  S,  as  seen  from  O  and  from  T,  or,  ^n^^ p  .:„  p  _  TO 

by   the  definition  of  parallax  already  rauaxr,sin.r  — g^. 

^T,^"'  .u    4  the  parallax  of  S.     Pa-       ^^  ^^^     ,^^  to     ^^i^t  out  the 

rallax  therefore   takes  place  m  a  ver-  ^^de  of   as^rtaining  the  amount  of 

tical  plane,  and  the  angle  Z  O  S,  the  parallax.    If  P  be  the  horizontal  paral- 

mtenor   angle  of   the  triangle  TOS,  fax,  or  the  parallax  when  the  apparent 

must  necessanlv  l^   less  than  Z  T  S,  zenith  distance  is  90°,  and  p  the  paral- 

the  exterior  angle  of  the  same  tnangle,  jax  at  any  other  apparent  zenith  dis- 

or  the  apparent  is  greater  than  the  true  tance,  which  we  will  call  z ;  then  as  the 

zenith    distance   of   the   obje^.     The  ^^^^^f  t^e  parallax  for  the  same  body 

body  therefore  is  lowered  by  the  effect  varies  as  the  sine  of  the  apparent  zenith 

of   parallax.     Parallax  therefore,  like  distance 

refraction,  acts  entirely  in   a  vertical  •    t»  . .  •  •    «««       i 

direction ;  but,  while  Jefraction  raises,        ^'""'P,  -  ""^.l^.  •  •  «»^^  •  «"•  ^^^^  ^'  ^ ' 
parallax  lowers  the   apparent  j)lace  of        or,  sm.p  -  sm.r.sm.ar. . 

the  object ;    and  ihey  Jn  some  degree  ?^  f  ^^  f  «■«  ^^th  very  small,  which 

tend  to  counteract  eabh  other.  Jf  ^«""^  ♦^  ,^^  ^^^  ^«^«  ^'^♦*}  ?^1  *^^ 

[The  next  object  is  to  ascertain  how  heavenly  bodies,  sin.p  =  p,  and  sin.  P  = 

parallax  varies  in  different  situations  of  ^>  ^^^  "«^^y-     ^^  ^^^  supposition. 

the  same  body.  therefore,©  =  P.  sin. z,  and  P  =  -r^— .] 

TO  sm.z 

sin. T S  O  =  sm.  S T O  ^q'  or  If  therefore  we  can  find  the  parallax 

since  sin.  S  T  O =8in.  Z  T  S  f*  ^PV  aPPfrfnt  altitude   we  can  find 

rpQ  the  horizontal  parallax  from  it;  if  we 

sin.  T  S  0  =  sin.  Z  T  S  -5^.  can  find  the  horizontal  parallax,  we  can 

S  O  ascertun  that  for  every  other  zenith  dis- 

Now,  in  the  case  of  the  same  body,  if  tance.     The  parallax  depending  merely 

it  continue  always  at  the  same  distance  on  the  zenith  distance,  it  is  different  in 

from  the  centre  of  the  earth,  S  O  is  al-  the  same  body  at  different  periods  of  its 

ways  of  the  same  value ;  and  T  O  is  diurnal  course,  and  has  a  course  of  va- 

always,  in  all  cases,  the  same  line.    For  riation  comprised  within  the  compass 

the  same  bodv  therefore,  sin.  T  S  0  x  of  a  day.    It  is  therefore  called  also  the 

sin.  Z  T  S,  or  the  sine  of  the  parallax  va-  diurnal  parallax,  to  distinguish  it  from 

ries  as  the  sine  of  the  apparent  zenith  dis-  another  element  of  the    same  nature, 

tance.  When  a  bodv  appears  in  the  zenith,  which  we  shall  hereafter  explain  under 

the  apparent  zenith  distance  is  nothing ;  the  title  of  annual  parallax.     For  the 

its  sine  therefore,  and  consequently  the  present,  by  parallax  we  mean  diurnal 

sine  of  the  parallax  is  nothing,  or  the  parallax  only. 

parallax  itself  is  notlung ;  a  conclusion  Many  methods  have  been  proposed 
which  is  obviously  true,  for  observers  at  for  determining  the  amount  of  parallax, 
T  and  O  would  each  see  a  body  at  Z,  in  some  of  considerable  labour,  and  re- 
the  same  direction  O  T  Z.  The  sine  of  quiring  observations  made  at  distant 
an  angle  continually  increases  as  the  places.  Except  in  the  case  of  the  moon, 
angle  itself  does  so,  until  it  reaches  the  the  amount  of  parallax  is  in  all  cases 
value  of  90^;  the  greater  therefore  the  exceedingly  small,  and  therefore  re- 
apparent  zenith  distance,  or  the  less  the  quires  the  utmost  accuracy  in  its  ascer- 
apparent  altitude,  of  a  body,  the  greater  tainment ;  so  that  most  of  tiiie  methods 
is  the  parallax,  until  the  apparent  zenith  suggested  are  insufiScient,  and  it  cannot 
distance  becomes  90°,  or  the  body  ap-  be  satisfactorily  ascertained,  except  on 
pears  in   the  horizon,  and  then  the  the  occurrence  of  phenomena,  which 
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yeiy   rarely  happen,    and  cannot   at  especially  as  it  is  applicable  to  the  case 

present  be  explained*    The  parallax  of  of  refraction  as  wdl  as  to  that  of  pa- 

the  moon  however  may  be  correctly  rallax* 

estimated  by  observations  made  at  a  In  fig,  13,  let  H  Q  N  represent  the 

single  place ;  and  it  will  be  worth  while  horizon,  H  E  Z  P  N  the  meridian  of  any 

to  explain  the  principle  of  this  method  place,  P  the  pole,  Z  the  zenith  of  that 

without  going  minutely  into  its  detailf.  place  (both  of  them  necessarily  points 

Rg.  13. 


in  the  meridian),  and  S  the  true  position  parently  at «,  and  the  observation  of  it 
of  any  heavenly  body.  Let  Z  S  V  be  a  on  the  meridian,  is  the  time  correspond- 
circle  drawn  from  the  zenith  through  ing  to  the  difference  of  right  ascension 
the  body  to  the  horizon :  it  is  therefore  E  T,  for  it  is  the  time  during  which  the 
a  vertical  circle ;  and  both  refraction  star  is  really  transferred  from  its  true 
and  parallax  will  take  place  in  it.  Omit-  place,  S,  to  the  meridian.  This  time 
ting  for  the  present  all  consideration  of  therefore  may  be  ascertained  by  ob- 
refraction,  parallax  will  depress  the  ap-  serving,  by  the  clock,  the  difference  of 
parent  place  of  the  body ;  or  some  point  time  which  actually  intervenes  between 
ff,  below  S.  vTill  represent  the  apparent  the  two  observations  of  the  star.  The 
place  of  the  body.  Let  EQ  be  the  place  «  also  being  observed,  its  right 
equator,  and  draw  nrom  P,  through  S  and  ascension  may  l)e  computed,  and 
ff,  to  E  Q,  great  circles  P  S  T,  P  *  ^  The  thence  the  time  in  which  a  body  really 
right  ascension  of  the  point  T  is  evi-  placed  at « would  be  on  the  meriaian  as- 
dently  the  same  as  that  of  the  point  S ;  certained ;  and  the  difference  between 
that  of  t  the  same  as  that  of  % ;  and  if  this  and  the  observed  value  of  the  time 
E  be  the  point  of  the  equator  upon  the  at  which  S  comes  upon  the  meridian, 
meridian,  the  difference  of  right  ascen-  will  be  the  difference  m  time  correspond- 
sion  between  E  and  S  is  ET,  the  dif-  ing  to  the  space  T/  in  right  ascension; 
ference  of  right  ascension  between  E  and  hence  T/  may  be  found,  and  from  it, 
and  «  is  E  / ;  quantities  differing  by  T  t,  by  an  easy  process,  the  value  of  the  pa- 
If  therefore  S  and  «were  the  true  places  rallax  may  be  deduced.  It  is  obvious 
of  two  different  heavenly  bodies,  they  that,  by  a  similar  process,  the  value  of 
would  be  upon  the  meridian  at  different  refraction  may  be  deduced :  the  refrac- 
times,  the  body  at  S  being  upon  the  tion,  however,  raising  the  object,  if  ff 
meridian  before  or  after  E  by  a  time  cor-  represent  the  apparent  place  of  the  body, 
responding  to  the  difference  of  right  as  affected  by  refraction  (now  omitting 
ascension  E  T,  the  body  at  «  by  a  time  parallax),  fl  will  be  above  S,  and  draw- 
corresponding  to  the  difference  of  right  vag  P  «'  ^  as  P  « <  waadrawn  before,  £  ^, 
ascension  E  /.  When  the  body  8  redly  the  difference  of  right  ascension  between 
is  upon  the  meridian,  its  apparent  place  £  and  \f  will  be  less  than  E  T,  the  dif- 
is  also  on  the  meridian,  for  the  roe-  ference  of  light  ascension  l)etween  E 
ridian  being  a  vertical  circle,  the  parallax  and  S,  just  as  in  the  case  of  parallax 
of  a  lK)dy  upon  it  takes  place  entirely  in  £  /  was  greater  than  E  T. 
it.  The  star  S  therefore,  as  soon  as  it  We  have  now  sufficiently  explained 
really  is  upon  the  meridian,  is  seen  there,  the  nature  of  parallax ;  and  the  import- 
though  below  its  true  place ;  or  the  time  ance  of  consiaering  it  for  the  purpose  of 
between  the  observation  of  the  body  ap-  reducing  our  observations  to  accuracy, 
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is  obvious.    It  is,  however,  necessaiy  67'4."  16844,  according:  to  La  Place,  or 

to  observe,  that  if  the   figure  of  the  .951158  of  a  degree.    The  moon's  mean 

earlh  is  not  accurately  s[merical,  (he  57.29578 

distance  TO  will  not  be  exactly  the  distance,  therefore,  is ■   q,. n > q  »  earth's 

same  for  all  places ;   nor  will  the  line  .  »5 1 1  d» 

TO,  when  produced,- necessarily  pass  radius,  or    60.2379  x  earth's   radius; 

exactljr  through  the  zenith.     All  our  or  very  nearly  60  times]  the  earth's  ra- 

deductions  concerning  parallax  there-  dius.      The  mean  value  of  the  hori- 

fore  would  on  this  supposition,  which  zontal    parallax   of   the  sun    is    onl^ 

we  shall  hereafter  find  to  be  the  more  8."75,    or,  according  to  another  esti- 

accurate  one,  require  some  qualifica-  mate,  8. "81 ;    or,  in  the   former  case, 

tion.    This  qualification  is  easily  made ;  .  00243    of   a   degree,    in    the    latter 

but  we  need  not  here  enter  into  any  de-  .002447  of  a  degree,  and  the  distance 

tails  respecting  it.    So  little  does  the  ^m  29573 

earth  differ  in  figure    from  a  perfect  consequently  will  be      '  .',  .  earth's 

sphere,  that  we  may  fairlv  treat  it  as  .voi^d 

one  for  the  purpose  of  explaining  some  radius,  or  23578  times  the  earth's  radius, 

very  important  results  which  may  be  57  29578 

deduced   from    the    observations    and    if  we  adopt  the  former  value ;  — 

theoi7  of  parallax;  and  we  proceed,  ,                .002447 

therefore,  in  the  next  place,  to  detail  earth's  radius,  or  234 14  times  the  earth's 

and  explain  them.  radius,  if  we  use  the  latter.    The  dif- 

•    ;From   the    expression   already   de-  ference  of  only  six  hundredth  parts  of 

duced  for  the   horizontal  parallax,  of  a  second  in  the 'value  of  the  horizontal 

TO                                   TO  parallax,  makes  therefore   a  difference 

6in.P  =  g-7T,  we  learn  that  SO  =  rjr^i  of  164  times  the  length  of  the  earth's 

radius  in  the  distance  of  the  sun  fi'om 
or  that  the  distance  of  any  body  from  the  earth ;  and  we  may  easily  infer  how 
the  centre  of  the  earth  =  the  earth's  ra-  very  minute  is  the  accuracy  necessary 
dius,  divided  by  the  sine  of  the  horizon-  in  the  determination  of  this  element, 
tal  parallax ;  or  the  radius  of  the  earth  It  may  happen  that  the  parallax  of  a 
is  contained  so  many  times  in  the  dis-  heavenly  body  is  too  small  to  be  ob- 
tance  of  the  bodv,  as  the  sine  of  the  served;  for  in  theory  it  must  always  ex- 
angle  of  horizontal  parallax  is  contained  ist  Let  us  suppose,  for  instance,  that  we 
in  the  radius  of  the  circle  on  which  it  is  are  enabled  to  ascertain  by  observation, 
measured.  It  is  found  by  observation,  that  the  diurnal  parallax  of  a  fixed  star 
that  the  horizontal  parallax  of  every  does  not  exceed  .36  of  a  second;  or 
body  which  we  have  occasion  to  observe  rather,  that  it  appears  to  have  no  pa- 
is very  small,  never  much  exceeding  1°,  rallax  whatever,  but  that  we  cannot 
and,  except  in  the  case  of  the  moon,  rely  upon  the  accuracy  of  our  observa- 
fallin^  very  far  short  of  that  quantity,  tions  beyond  this  point.  It  would  follow 
The  sine  of  the  horizontal  parallax  there-  from  this,  as  .36  of  a  second  is  .0001  of  a 
fore  will  differ  imperceptibly  from  the  degree,  that  the  distance  of  the  object 
parallax  itself.  Now  the  length  of  the  ^^  29578 
radius  of  a  circle  is  equal  to  the  length  could  not  be  so  small  as  '  ,,, 
of  57.°29578  of  that  circle  very  nearly;  •*^""^ 
and  we  consequently  have  this  equation,  earth's  radius,  or  as  572957.8  the  earth's 
that  S  O  (the  body's  distance  from  the  radius ;  a  quantity  considerably  exceed- 
1  57^.29578  ^^  ^^^^  millions  of  miles.  We  shall 
earlh)  =-p  x  earth's  radius  =  ■      p hereafter  see  reasons  for  knowing  that 

the  distance  of  the  nearest  fixed  stars  is 

X  earth's  radius.                                ^  incomparably  greater  than  even  this  vast 

We  will  exemplify,  by  one  or  two  m-  quantity,  and  their  diurnal  parallax  ab- 

stances,  the  use  of  the  equation  above  solutely  imperceptible 

deduced.    The  horizontal  parallaxes  of  Another  important  element  which  we 

the  sun  and  moon  vary:  we  have  ab^ady  ^^y  determine  by  means  of  the  hori- 

seen  that  the  distance  of  the  former  body  cental  parallax  is  the  actual  radius  of 

IS  variable;  we  shall  hereafter  see  that  ^ny  heavenly  body,  as  compared  with 

the  distance  of  the  latter  is  yet  more  that  of  the  eiih.    The  horizontal  paral- 

so.      We    will    therefore    take    their  •.♦i*       j- 

mean  values.    The  mean  value  of  the    1--   _.   earth's  radius 

horizontal   parallax    of   the   moon  is  distance  of  the  body  observed. 
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The   apparent   radius   of   the  body*  lume  of  the  earth.    Thus  the  volume  of 

the  bod/s  radius                  ^  themoonistothatof  the  earth,  nearly  as 

"  distance  of  the  body  observed*  ^^^  g^be  of  ■^,  to  1,  for  that  is  nearly  the 

as  the  denominators  of  each  of  these  ^      .       ,..          ,        , 

fractions  are  the  same,  proportion  of  their  radu :  or  the  volume 

the  earth's  radius  :  /^  3  V .,        ,          ,  , 

the  body's  radius  ::   horizontal  paral-  of  the  moon  =  Vu/  ^be  volume  of  the 

lax  :  apparent  radius;  or  the  body's  27 

radius,  =  earth's  radius  earth ;  or  rrrr  times  the  volume  of  the 

apparent  radius  of  the  body  1 

^  the  horizontal  parallax  of  the  body'  earth,  or  nearly  j-th  part  of  it.    Simi- 

Thus  the  moon's  mean  horizontal  pa-  larly  the  sun's  radius  being  about  110 

rallax  is  574."16844,  or  .951158   of  a  times  that  of  the  earth,  his  volume  is 

decree:  her  mean  apparent  radius  (or  the  about  110»,  or  133100  times  the  volume 

half  of  her  mean  apparent  diameter)  is  of  the  earth. 

1533."  8652,  or  .259407  of  a  degree.  If  there  pass  through  the  centre  of 

259407  *^®  earth  a  jplane  parallel  to  the  hori- 

and  consequently, her  radius  =  '     ...q  zon  of  the  observer,  this  is  called  the 

.^diids  rational  horizon  of  the  observer,  the 

earth's  radius,  or  very  nearly  ^  of  the  ftual  horizon  being  called  his  5|?fmW« 

*  '  "^  11  hortzon.  The  perpendicular  distance 
earth's  radius,  and  their  diameters  are  of  between  these  planes  is  the  earth's  ra- 
course  in  the  same  proportion.  In  the  dius,  and  this,  as  they  are  parallel,  is 
samemanneras  we  have  stated  the  mean  their  distance  everywhere.  They  will 
horizontal  parallax  of  the  sun  at  8."  75,  therefore  intersect  the  imaginary  sphere 
or  .00243  of  a  degree,  and  as  his  mean  of  the  heavens  in  lines  at  that  perpen- 
apparent  radius  is  16'  1."  6,  or  .26712  of  dicular  distance  from  each  other.    The 

2G712  angle  there  subtended  by  that  distance 

a  decree,  his  radius  =  '      ^^  •  earth's  is  evidently  equal  to  the  horizontal  pa- 

6                               .00243  rallax  of  the  fixed  stars ;  for  the  lines 

radius,  or  110  times  the  earth's  radius  subtending  the  angle  in  question  and 

nearly.    The  magnitudes  of  other  bodies,  the  horizonal  parallax  are  equaK  and  are 

whose  parallax  and  apparent  diameters  both  perpendicular  to  the  same   line» 

can  be  observed,  may  be  ascertained  in  namely,  the  distance  from  the  earth  to  a 

the  same  way.  fixed  star,  which  is  supposed  to  be  a  point 

The  fixed  stars  which  have  no  ob-  in  this  imaginary  sphere.  The  angles  they 
servable  parallax,  have  also  no  appa-  subtend  at  the  extremity  of  this  line  are 
rent  diameter;  that  is  to  say,  in  the  best  consequently  equal.  But  the  horizon- 
observations,  made  with  the  most  power-  tal  parallax  of  a  fixed  star  is  impercepti- 
ful  telescopes,  the  stars  still  retain  the  bly  small :  the  angular  distance  there- 
appearance  which  they  have  to  the  naked  fore  between  these  lines  where  they 
eye,  of  mere  luminous  points.  With  intersect  the  sphere  of  the  heavens  is 
respect  to  them  therefore  we  can  form  imperceptible  from  the  earth ;  or  the 
no  conclusions  of  this  kind.  rational  and  sensible  horizon  appear  to 

We  have  not  yet  however  deduced  all  intersect  the  heavens  in  the  same  line, 

theresults  which  followimmediately from  It  follows  that  the  altitudes  of  heavenly 

the  determination  of  this  important  ele-  bodies,  which  are  observed  with  respect 

ment  of  parallax.    Different  spherical  to  the  sensible  horizon,  are  accurate  also 

bodies  (and  the  earth,  the  sun,  and  the  with  respect  to  the  rational  horizon,  after 

moon  are  so  nearly  spheres,  that  they  they  have  been  corrected  for  parallax, 

may  for  this  purpose  be  treated  as  being  where  it  exists*. 

such)  have  their  actual  bulk,  or  volume,    ——r, ', TTTZ Z — 7. 1 

:m  4K«  .vw^.^^.*:^..  «,r  *u^  «.;v^*  «,*  4k<.;«  *   Cln  connexion  with  thege  considerations  of 

m  the  proportion  of  the  cubes  of  their  paraiux,  we  may  mention  another  circun^tance 

radii :  we  may  therefore  determine  the  also  resulting  from  the  different  positions  of  a 

nronnrtinn  of  the  volumps   of  thpse  dif-  J»e»venly  body,  with  respect  to  the  horiion.    The 

proponion  OI  ine  volumes   OI  inese  OlI-  apparent  diameter  or  radius  of  erery  body  observed 

ferent  bOuieS,  whose  apparent  diameters  in  the  heavens  being  very  small.  It  may  be  const, 

and   parallaxes  we   have  observed,  and  Sf«J»  **  different  aistanccs,  to  wy  inversely  as 

^m*i^^i^  fk-ar^   «lc*v  l^  4a.»«   ^*  ^kI  »/v_  **»«  dlstancc.    If,  therefore,  referring  to  fig.  12,  we 

estimate  them   also  in  terms   of  the  VO-  take  R  to  represent  the  apparent  radlua  at  the 

«__^.______________™_...«_...,«.,___  centre  of    the  earth,  r,  that    at  the  point   T, 

R : r  :  :  ST:  SO  :  :  sin.  S  O  T  :  sin.  S T O,  or 

*  See  note,  p.  16.  of  9  T  Z. 
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Section  4. — Of  Nutation  and  Abetra-  observations,  however,  may  be  shortly 

tion — and  general  remarks  on  cor-  stated  here. 
rections.  We  have  already  stated  that  the  pole 

Besides   the  coirections  already  de-  ^?  ^'^  *^^?^^r  ^  f?^"^.  *^  ^«^^"J?«  .* 

scribed,    there  are  two  others,  Jailed  ^1^^'^^  ^L?.^^^S^L^^f^J^ 

nutation   and  aberration.     Their   ex-  ^*^?®  ^I*^'  ^H«  Producing  the  pre- 

»Mi««»tv/>   «ij«  i*vc7rw»»vr».     *ii^m    ca  cessiOH  of  the  equiiioxes.    Onmoremi- 
istence  is    discovered  by  observation;        .    investigation  however   it  anne^s 

but  it  would  be  impracticable  to  ex-  ?u  f  *i     f  ^    ?!l       i     J'*i!   *PP^?^^ 

i.il;«  o«T-«!.^r;«f  4AJivZi7  11;^^^  *bat  ^  P^ace  of  the  pole  of  the  equator 

fc„TL?^?„  J^^hf^J^^^^^^^^  thu«  ascertained  differs,  though  slighUy, 

without  assumingtne  possession  of  know-  a.^^  ^u^  ♦^,«  ^««  ♦!>«♦  Vu^ -r-i  J^^u  iJff 

ledge  which  we  luive  not  yet  awived  at  £°?  *"*?  ^t  ""^i  **'  the  real  path  of 

A^u^««  TTiuwt  TT^  iui.T«»  Mvv  j«k  o^iT^"^  ai«  |j^^  polc,  thouffh  Bcvcr  far  from  the 

The  manner  m  which  they  affect  our  cirele^piosed.  does  not  coincide  with 

:  it.  nor  indeed  with  any  circle  at  aU.  but 

Ji'^?«Ji.S*.'SSSr»°'^?o''?i:rbi'S5  «?'^  <•>«  true  place  of  tiie^yole  never 

zenith  distance,  or  the  obaerved  senlth  disUnca  altiers  mOFC    than    aOOUt   9^"    from  itS 

diminished  by  paraUaz,  or  z—p.  We  hare,  there-  place  as  before  ascertained.    The  true 

S'ri'^rrf.!l;,L;UtiS:';-VS!;:ii..?;  I>l«ce  i»  found  to  be  suc^ssively  on  all 

=r  (sin.  X  — ;» COS.  s).  for  p  being  very  smalL  Sides  Of  that  deduced  OU  the  supposition 

Sfn^l^^rhVTeV^eTe^rr '"•'''•  ''"'''  of  its  being  affected  by  precession  only. 

B..in.«-r(.in.s-p.ia.s,co..,),  and  they  we  again  m  their  original  si- 

li  tuation  with  reference  to  each  other  at 

"'*"'"  1-p.cos.s  the  expiration  of  a  fixed  period,  a  little 

very  nearly :  a  quantity  which  wiu  eridentiy  In-  morc  than  eighteen  years  and  a  half; 

crease  as  coj. « increases,  or  the  xenith  distance  and  their  relative  positions  then  again 

diminishes.    The  apparent  radius  and  diameter  4.1.  i    xt  j  c     i.      

therefore  increase  as  the  senith  distance  dimi-  RO  througll  the   same  Order   Of  Change, 

nishes,  and  are  greatest  in  the  zenith.  This  general  We  may  therefore  Consider  the  place  of 

result  Indeed  may  be  at  once  deduced,  although  al         1/     *  ^l     pn„ftfo«   as  determinpd 

not  the  precise  law  of  the  variaUou,  from  very  "*®  P^*^  "»  me  equaior  as  aeierminea 

simple  considerations.    The  triangle  8  O  T,  wher-  On  the  supposition  Of  its  bei^lg  anected 

ever  s  be  situated  with  respect  to  the  senith,  has  by  preccssion  onlv,  as  its  mean  place ; 

always,  if  S  be  considered  as  the  same  body,  the       ^  F  .  *^au^-4. 

two  sides  so.OT,  of  the  same  value.   The  angle  and,  as  III  many  Other  instances,  we 

SOT  Included  between  them  continoally  varies,  shall  find  it  more    convenient  to  ascer- 

and  S  T,  the  base  of  the  triangle,  will  be  greater  a-     |1^  *y„g  nlaee  bv  referenrp  to  this 

as  that  angle  is  greater,  and  less  as  that  angle  Is  ^**"  ine  irue  Plwe  Dy  reierence  10  UUS, 

less.    (£ttc.  i.  24,  or  Treat,  on  Qeom,  I.  II.}    The  than  independently. 

SP?.''!?Ik™**I"*  ^"****°^^"!l?/!«^**®****55°?       A  secondary  to  the  equator  drawn 

ST}  it  therefore  Increases  as  that  distance  diml.  .,  i.  1.1.       ''i  4'a.*  1         •    1       •  n   j 

nishes,  or  as  the  true  senith  distance  SOTdlmi-  through  the  SOlstltial    pomts    IS    Called 

nishes.  the  soUtitiol  colure :  it  is  perpendicular 

In  the  case  of  the  moon,  where  P  It  about  1",  the  a    xu    pclin*ic  also   and  uftsses  throuiyh 

difference  is  very  perceptible}  but  as  it  depends  \^  "*®  eciipac  aiso,  ana  passes  inrougn 

on  the  magnitude  of  the  horiiouUl  parallax  it  will  the  DOles  01    DOth  these    ClTCleS.      A  Se« 

cvidemiy  diminish  as  that  quanUty  diminishes,  condsry  to  the  cquator  drawn  through 

Even  in  the  case  of  the  moon  it  does  not  amount  to  .,  ^  .        a-  1  •    &      ■  11   j    7u 

much  more  than  a  sixtieth  part  of  the  apparent  the    eqUinoCtlRl      points   IS    Called     the 

diameter,  when  the  moon  Is  in  the  zenith.    The  eguinOCtioi  COlure ,    it  intersects  the  SOi- 

S«".f'2lrJo'i.''«ni'd.ffJ«'!:^"UrS'w:  «titial  colur*  at  the  pole  of  the  equator. 

apparent  diameter  in  different  situations  will  be  and  makes  an  angle  of  90    With  it.     The 

diminished  accordingly  and  will  obviously  be  too  equiuoctial  and  solstitial  points  and  the 

small  to  be  noticed.    The  same  remark  will  apply        ^,  r   ai.  x  j  ■         u       n 

to  the  other  bodies  which  are  the  subject  of  our  pole   of  the  equator  receding  by  the 

observation }  and  the  more  because  their  apparent  precessiou     of     the     equlnOXCS.      these 

diameters  are  themselves  very  small,  and  any  vail-  pt-pi^     thprnoplvPfi     rnovi*     nPCP<:«iirilv 

.  ation  of  so  small  a  quantity  Is  of  course  less  ob-  S!."^     •    "*«™seives     mOVe     necessaruy. 

servable  than  a  similar  variaUon  in  a  larger  one.  There  IS  a  point,  the  nature  Of  whlCh  Will 

The  result  which  we  have  obtained  is  therefore  of  \^  explained  in  the  next  chapter,  called 

no  practical  Importance  except  vith  reference  to  .%_       ^       «•  «       r^i  ^    ^        vt. 

the  moon.  the  asccuding  node  of  the  moon  s  orbit ; 

With  reference  to  the  moon  also,  it  Is  further  this  is  always  a  point  in  the  ecliptic,  but 

necessary  to  remark,  that  her  apparent  diameter,  -^   t  rptrojrrftilp     motion    \n    thnt 

as  observed  even  In  the  horlson,  differs  from  her  ".   ""     *,  reiTOgraae     moiion    in    mai 

true  apparent  diameter,  if  we  use  that  term  to  ex-  CUXSle  Of  abOUt  1 9°  21'  in  every  year,  and 

press  her  apparent  diameter  as  it  would  be  seen  ^^US  retums   to  its   original  situation  in 
nrom  the  centre  of  the  earth.    If  we  suppose  the  ..^,  .,  .  ^.  , 

moon's  distance  from  the  centre  ofthe  earth  to  be  *  little  more    than  eighteen    years  and 

sixty  times  the  earth*s  radius,  the  distance  of  the  a  half.     The  true  position  of  the  pole  of 

observer  fromthe  point  where  she  I.  in  the  horizon  ^^  equatOT  depends  on    the   position  Of 

wiU  be  V35*^9  times  that  quantity }  for  Uut  d)t-  fhU  rl>int      It  is  thna  dptprmined       T^t 

tance  is  the  side  of  a  right-angled  triangle,  whose  ^>?  P?"^'     *^  ^  ^*^"*  aeiermineo.      1^1 

hypotenuse  is  sixty  times  thatquantity,  and  whose  P  in  fg,  14  represent  the  mean  position 

S«tlL**'*^9'*JS*"^^:l''*''^*?.°*"^'•'*'*^**'^■  ofthe   pole   of  the  equator;  ABC 

aitterence  slight  as  it  Is,  sometimes  becoooct  nu'  ,  ^.-xF        i^  •*    ^  _*   **  *u  1  4-j-:  1 

teriai.3        ^  drawn  through  it,  part  of  the  solstitial 
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colure,  which  if  produced  in  the  di- 
rection ABC  would  pass  through  the 
pole  of  the  ecliptic.  If  a  portion  of  this 
circle,  A  B,  be  taken,  extending  9''  .648 
on  each  side  of  P,  and  an  ellipse  AdB 
be  described,  of  which  A  B  is  the  trans- 
verse axis,  and  the  semi-minor,  or  semi- 
conjugate  axis  P  (/  is  7'M82y  the  true 

Fig.  14. 
C 


position  of  the  pole  will  always  be  a 
point  in  the  circumference  of  that  ellipse. 
Its  exact  position  is  thus  determined. 
When  the  ascending  node  of  the  moon's 
orbit  coincides  with  the  vernal  equinox, 
the  true  position  of  the  pole  is  at  A,  the 
extremity  of  the  transverse  axia  of  the 
ellipse  most  distant  from  the  pole  of  the 
ecliptic.  To  determine  its  position  at 
any  other  time,  a  circle  AD  B  must  be 
described  with  the  centre  P,  and  radius 
P  A  or  P  B.  The  ascending  node  of  the 
moon's  orbit  has  a  retrograde  motion : 
take  the  angle  A  P  O,  measured  in  a 
retrograde  direction,  or  from  East  to 
West,  equal  to  the  arc  through  which 
the  node  has  retrograded  from  the 
vernal  equinox,  and  from  O,  the  point 
where  the  radius  P  O  cuts  the  circle, 
draw  O  M  perpendicular  to  the  trans- 
verse axis  of  the  ellipse:  the  point  p, 
where  the  line  O  M  cuts  the  ellipse,  will 
be  the  true  position  of  the  pole.  It  is 
obvious  that  wlien  the  node  has  retro- 
graded through  90°,  or  coincides  with 
the  winter  solstice,  the  pole  will  be  at 
rf,  the  extremity  of  tne  conjugate 
axis  of  the  ellipse,  for  the  arc  AD  being 
90°,  the  perpendicular  from  D  coincides 
withPrf.  When  the  node  has  retro- 
graded through  180°  or  coincides  with 
the  autumnal  equinox,  the  pole  will  be 
at  B,  the  extremity  of  the  transverse 
axis,  which  is  nearest  to  the  pole  of  the 
ecliptic.  When  the  pole  ha;  retrograded 
through  270°,  or  coincides  with   the 


summer  solstice,  its  place  will  be  at  e^ 
the  other  extremity  of  the  conjugate 
axis. 

This  variation  of  the  true  from  the 
mean  place  of  the  pole  is  called  nutation, 
as  it  may  be  supposed  to  arise  from  a 
nodding,  or  oscillation  of  the  axis  of  the 
heavens,  of  which  the  pole  is  the  ex- 
tremity, about  its  mean  position;  or 
rather,  as  we  shall  hereafter  see,  it  does 
actually  arise  from  a  similar  motion  of 
the  axis  of  the  earth,  a  line  of  which  we 
have  as  yet  taken  no  notice.  This  ex- 
planation however  must  be  deferred  to 
a  later  part  of  thi s  treatise.  The  manner 
in  which  nutation  afiPects  the  obser- 
vation of  the  stars  will  be  sufficiently 
miderstood  from  what  has  been  already 
sud  about  precession :  of  course  the 
motion  of  the  pole  towards  or  from  any 
particular  star  will  affect  its  right  as- 
cension and  declination,  and  as  the 
same  motion  affects  the  position  of  the 
equinox  also,  the  longitude  also  will  be 
altered  by  it :  the  ecliptic  and  its  pole 
continuing  unmoved,  the  latitude  will 
remain  unchanged.  Any  detail  of  the 
precise  manner  in  which  these  elements 
are  affected  by  nutation  is  not  within  the 
scope  of  this  treatise. 

The  nutation  which  we  have  de- 
scribed depends  on  the  position  of  the 
node  of  the  moon's  orbit.  There  is  also 
a  nutation,  exactly  of  the  same  kind, 
which  depends  on  the  position  of  the 
sun.  Its  amount  however  is  so  smaU, 
that  it  could  never  have  been  ascertained 
by  observation  only :  it  is  indicated  by 
theory,  but  a  theory  depending  on  con- 
siderations which  we  have  not  as  yet 
approached.  The  ellipse  by  which  the 
plaoe  of  the  pole,  as  affected  by  this 
nutation,  may  be  determined,  has  its 
semi-transverse  axis  only  of  0.''435,  and 
its  semi-conjugate  axis  only  of  0.''399  ; 
and  the  an^le  by  which  the  actual  place 
of  the  pole  is  determined,  is  to  be  taken 
equal  to  twice  the  sun's  longitude. 
When  the  sun's  longitude  is  180°,  that 
an^le  is  360° ;  or  the  point  P  has  gone 
quite  round  the  circle ;  and  this  nu- 
tation therefore  goes  through  all  its 
values  in  the  course  of  half  a  revolution 
of  the  sun. 

There  is  one  important  observation  to 
be  made  beft^re  we  quit  the  subject  of 
nutation.  We  have  hitherto  considered 
the  obliquity  of  the  ecliptic,  or  the  in- 
clination of  the  equator  to  that  circle, 
to  be  always  the  same.  This  inclination 
is  measured  by  the  distance  between 
their  poles ;  and  precession,  although  it 
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chang^es  the  place  of  the  pole  of  the 
equator,  leaves  its  distance  from  the  pole 
of  the  ecliptic  unaltered ;  but  nutation 
changes  it.  The  mean  place  of  the  pole, 
P»  remaining  at  the  distance  of  what  we 
must  now  c^l  the  mean  obliquity  from 
the  pole  of  the  ecliptic,  the  true  place  of 
the  pole  of  the  equator,  when  the  as- 
cendmg  node  of  the  moon*s  orbit  coin- 
cides with  the  vernal  equinox,  is  more 
distant  from  the  pole  of  the  ecliptic,  by 
the  space  P  A,  or  9''.648,  and  the  ob- 
liquity is  therefore  increased  by  that 
amount ;  and  in  the  same  manner,  when 
the  ascending  node  of  the  moon's  orbit 
coincides  with  the  autumnal  equinox,  the 
pole  of  the  e(|uator  is  at  B,  and  the 
obliquity  is  diminished  by  the  same 
amount,  PB,  or  9".648.  In  other  po- 
sitions there  will  be  corresponding  al- 
terations ;  and  the  nutation  which 
depends  on  the  position  of  the  sun  will 
of  course  produce  effects  similar  in 
their  nature,  but  less  in  amount. 

The  remaining  correction,  aberra- 
tiont  will  be  fuUy  discussed  and  ex- 
plained hereafter.  Like  refraction,  it 
mi^es  the  apparent  place  of  a  star  dif- 
ferent from  its  true  place ;  and  it  pre- 
vents us,  except  in  the  case  of  stars 
situated  in  the  ecliptic,  from  ever  seeing 
a  heavenly  body  exactly  in  its  true  posi- 
tion or  direction.  All  its  'effects  are 
produced  in  the  course  of  a  year,  and 
they  are  different  from  every  different 
heavenly  body,  though  they  follow  one 
law  s^plicable  to  all.  That  law  may  l>e 
very  snortly  stated.    In  Jig.  15,  let  S 

Fig.  15. 


represent  ^the  true  position  of  any 
heavenly  body,  and  let  A  S  B  be  a  por- 
tion of  a  circle  of  latitude  (a  secondary 
to  the  ecliptic)  passing  through  it.  The 
apparent  place  of  the  star  will  always 
be  a  point  m  an  ellipse  of  which  the  true 
place  of  the  star,  S»  is  the  centre,  and 
the  conjugate  axis  is  in  the  line  A  B ; 
the  transverse  axis  of  course  is  in 
the  line  G  D,  perpendicular  to  it    If 


A  C  B  D,  represent  this  ellipse,  S  C,  the 
semi -transverse  axis,  is  m  all  cases 
20".246  of  a  great  circle.  The  semi- 
conjugate  axis  SA  is  to  the  semi- 
transverse  axis  SO,  in  the  proportion 
of  the  sine  of  the  star's  latitude  to  the 
sine  of  90°,  or  the  radius.  The  ellipse 
therefore  in  which  each  star  is  to  be 
found,  is  easily  constructed.  The  ap- 
parent place  at  any  particular  time  is 
very  nearly  found  by  drawing  an  arc  of 
a  great  circle  through  the  star  to  the 
point  of  the  ecliptic  which  is  90°  behind 
the  place  of  the  sun  at  the  time :  the 
intersection  of  this  line  with  the  ellipse 
described  as  before  pointed  out,  is  the 
apparent  place  of  the  star  at  the  time 
of  observation.  We  shall  hereafter  enter 
into  fiirther  details  with  respect  to 
aberration,  and  deduce  from  it  some 
very  important  consequences:  for  the 
present  this  description  of  it  will  be 
sufficient. 

We  find  then  thaf  we  have  no  less 
than  five  corrections,  as  they  are  called, 
toapply  to  the  place  of  a  heavenly  body, 
as  immediately  observed,  before  we  can 
tell  its  true  place :  corrections  for  pre- 
cession and  nutation,  which  are  rather 
the  alteration  of  the  language  in  which 
an  observation  is  originally  expressed, 
to  make  it  correspond  accurately  with 
the  language  of  a  different  period,  than 
corrections  of  any  real  inaccuracy; 
corrections  for  aberration  and  refraction, 
to  ascertain  from  the  apparent  situation 
of  the  star  the  real  direction  in  which  it 
is  with  respect  to, the  observer;  and  a 
correction  for  diurnal  parallax,  which 
need  not  be  applied  in  the  case  of  the 
fixed  stars,  to  deduce  from  the  real  di- 
rection with  respect  to  the  observer 
the  true  position  as  estimated  with  re- 
spect to  the  centre  of  the  earth. 

It  will  probably  occur  to  the  reader 
that  there  is  a  want  of  strict  accuracy 
of  reasoning  in  the  processes  which 
we  have  explained  for  ascertaining  the 
amount  of  these  corrections,  and  even 
the  nature  of  some  of  them ;  because 
in  estimating  the  one,  we  have  not 
taken  the  others  into  consideration. 
For  instance,  taking  the  method  ex- 
plained in  page  59,  of  determining 
parallax  and  refraction,  we  have  shewn 
now  the  parallax  would  affect  the  value 
of  £  /,  as  compared  with  K  T,  on  the 
supposition  that  «  was  the  apparent  place 
of  the  body,  depressed  by  parallax 
below  its  true  place  S :  and  in  the  same 
manner  we  have  shewn  the  effect  of  re- 
fraction, by  supposing  s'  to  be  the  ap- 


U:  J  4.]                                   .  ASTRONOMY.  6ft 

parent  place  of  the  1)0dy»Tai9ed  by  re-  the  real  refraction  iCouTd  be  greater  than 
fraction  above  S.  If  both  refraction  that  thus  computed,  by  the  amount  of 
and  parallax  operate,  it  is  obvious  that  that  parallax ;  for  the  observed  place 
the  apparent  place  of  the  body  will  be  would  be  above  the  true  one,  by  the 
somewhere  between  a  and  tf',  and  the  amount*  not  of  the  whole  refraction,  but 
same  mode  of  proceeding  will  not  ^ive  of  the  refraction  diminished  by  the  pa- 
ns the  effect  of  parallax  or  refraction,  rallax.  To  see  whether  this  is  so,  we 
but  the  combined  effect  of  both.  We  may  resort  to  observations  of  the  moon, 
know  however  fVom  independent  con-  whose-  parallax  is  considerable.  The 
siderations,  at  least  very  nearly,  the  amount  of  refraction  being  very  nearly, 
manner  in  which  each  of  these  elements  if  not  accurately,  ascertained,  the  ap* 
varies  with  the  height  of  the  body  above  parent  zenith  distance  may  be  corrected 
the  horizon ;  and  we  can  form  a  tolerably  from  the  error  occasioned  by  refraction, 
near*  though  by  no  means  a  sufficient  or  a  very  near  estimate  made  of  the 
estimate,  of  the  amount  of  each  at  a  par-  angle  ZTS,  (in  Jig,  12.)  although  our 
ticular  height.  We  can  tell  that  the  .  observations  are  themselves  afiPected  by 
amount  of  parallax  of  a  fixed  star  must  refraction,  and  therefore  do  not  im- 
be  yeiy  small  indeed,  before  we  can  yen-  mediately  give  that  angle.  From 
ture  to  say  that  it  is  absolutely  too  small  these  observations  the  amount  of  paral- 
to  be  at  all  estimated:  for  we  know  from  lax  may  be  computed.  If  it  does  not 
other  considerations,  that  the  refrac-  vary  accurately  as  the  sine  of  the  cor- 
tion  varies  veiy  nearly  as  the  tansrent  of  rected  apparent  zenith  distance,  the 
the  apparent  zenith  distance,  while  the  angle  Z  T  S,  it  is  evident  that  the  refrac- 

?»arallax  varies  accurately  as  the  sine  of  tion  has  not  yet  been  rightly  computed, 

he  same  angle,  or  rather  of  the  same  but  that  some  material  parallax  of  the 

angle  increased  by  the  amount  of  the  fixed  stars  is  involved  in  the  quantity 

refraction,  but  we  find  that  the  com-  which    we    have    assumed     to   vary 

bined  effect  of  the  parallax  and  refrac-  as  the  tangent  of  2;  —  3r ;     and    we 

tion  in  the  case  of  the  fixed  stars,  itself  should    obtain    only   an  approximate 

varies  very  nearly  as  the  tangent  of  the  value  for  the  parallax    With  this  ap- 

apparent  zenith  distance ;  and  we  there-  proximate  value  of  parallax  we  mignt 

fore  conclude,  that  the  parallax  must  however  correct  other  observations  of 

necessarily  be  very  small  in  comparison  the  same  body,  made  under  different 

with  the  refraction.    We  also  find  that  circumstances.    In  these  latter  observa* 

the  difference  between  the  angles  really  tions  therefore  we    should  know,  ap- 

observed,  and  those  estimated  on  the  proximately  at  least,  how  far  the  ap- 

Bupposition  that  this  refraction  varies  as  parent  place  of  the  body  would  be  higher 

the  tangent  of  the  apparent  zenith  dis-  than  that  actually  observed,  if  it  were 

tance,  does  not  itself  follow  the.  law  pre-  not  lowered  by  parallax,  or  what  would 

viously  ascertained  for  the  variation  of  be  the  apparent  place  of  the  body,  if  only 

the  parallax,  or  one  resembling  it ;  and  affected  by  refraction ;  and  from  this 

we  consequently  infer  that  this  differ-  computed  place,  and  the  known  true 

ence  does  not  principally  proceed  from  place,  as  ascertained  by  the  mode  already 

parallax,  and  that  our  supposition  of  referred  to,  the  amount  of  refraction 

refraction  varying  according  to  the  va-  might  again  be  more  accurately  ascer« 

nation  of  the  tangent  of  the  apparent  tained  than  before,  and  a  new  series 

zenith  distance  is  itself  inaccurate,  al-  of  results  might  be  thus  obtained  and 

though  it  furnishes  an  approximation  to  compared,  so  as  to  furnish  a  new  and 

the   truth.      Knowing  then   that    the  yet  more  accurate  estimate,  if  necessary, 

parallax,  if  any,  is  very  small  in  com-  of  the  mode  in  which  refraction  varies ; 

parison  with  the  refraction,  we  know  and  lurain,  having  thus  a  more  correct 

that  we  may,  with  httle  error,  consider  estimate  of  refraction,  we  might  repeat 

the  whole  effect  as  produced  by  refrac-  our  observations  on  parallax  and  get  a 

tion  only ;  and  examining  the  law  of  re-  more  correct  estimate  of  that  element 

fraction  on  this  supposition,  we  find,  (as  also.    And  a  similar  process  might  be 

we  have  already  stated,  in  the  note  to  repeated  alternately,  as  long  as  there 

p.  50,)  that  it  is  more  accurately  repre-  was  any  material  irregularity  observed, 

sented  as  varying,  adopting:  the  notation  or  any  discordance  between  theory  and 

there  used,  as  the  tangent  of  «— 3r.  observation.    In  the  case  of  refraction 

Stilli,  if  the  fixed  stars  have  any  ob-  and  parallax,  these  repeated  corrections 

servable    parallax,    however  small,  it  of  one  class  of  observations  by  another 

would  be  included  in  this  quantity,  and  are  little  necessary,  for  the   effect  of 
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{Mralkx  on  the  iSxed  shmi  being  really  have  'motions,  ifi  &krM  in  anovnitt 

quite  imperceptible,  our  firtt  observa-  andmanyeTenoppontaindireetion,  and 

tions  on  refraction  do  not  require  any  only  corresponding  to  each  other  when 

correction  on  this  account.    We  have  referred  to  a  point  arbitraiihr  dioaen  with 

however  Ulustrated  the  manner  in  which  respect  to  tnem,  and  with  which  they 

the  law  of  such  corrections  may  be  ascer-  seem  naturally  to  have  no  moreoonneo* 

tained  by  the  supposition  of  the  neces-  tionthan  with  any  other  point  in  the 

flity  of  pursuing  tne  alternate  oorrection  surface  of  the  heavens.    Besides,  even 

further  than  is  really  necessary  in  this  if  these  appearances  were  to  be  eon* 

case,  because  the  simplicity  of  the  nature  sidered  as  corresponding  to  real  motions 

of  these  causes  of  error  and  the  circum-  in  the  stars  themselves,  and  not  to  an 

stance  that  we  know  independently  the  alteration  of  the  point  and  lines  with 

general  principles  which  must  regulate  reference  to  which  they  are  observed,  the 

their  variation,  makes  them  famish  a  importance  of  the  correction  would  not 

simpler  instance  than  otherwise  could  be  diminished;   for  it  would  then  be 

have  been  given  of  the  manner  in  which  ascertained  that  the  stars  had  aetuaUy 

such  an  investigation  is  to  be  pursued,  these  motions  with  respect  to  that  poiiit 

and  the  steps  by  which  errors,  in  the  and  those  lines,  and  their  rdative  situa- 

first  instance  inevitable,  are  gradually  tion  therefore  would  still  be  altered  in 

to  be  removed.  the  same  manner,  and  our  observations 

Where  the  existence  of  the  correction  would  still  have  to  be  corrected  on  ao^ 

Itsdf,  as  in  the  case  of  precession,  de-  -count  of  that  alteration,  althon^  the 

pends  entirely  on  observation,  the  ascer-  name  of  precession  of  the  equinoxes 

tainment  of  its  exact  amount  and  law  is  would  no  longer  be  well  chosen  to  express 

necessarily  moredifficult;  andthenumber  the  cause  of  the  necessary  correction, 
of  alternate  reductions  and  adjustments        But  in  truth,  whenever  we  can  dia« 

necessary  to  ascertain  its  value  and  the  cover  that  all  heavenly  Ixxlies  are  ai^ 

effect  of  any  other  source  of  inaccuraov  feeted  according  to  a  certain  iaw,  that  is 

with  which  it  may  be  complicated,  will  to  say,  in  a  manner  correspondingto  their 

be  greater ;    and  after  all,  until  some  condition  with  reference  to  some  certain 

cause  in  nature  is  discovered    which  object,  we  may  fairly  believe  that  the 

will  account  for  the  being  of  such  an  effect  produced  depmdt  on  their  condi* 

irregularity,  its  existence  may  be  oonsi-  tion  with  reference  to  it.  Thus  if  it  were 

dered  as  not  completel]^  established.  The  merely  hy  observation  that  we  found  that 

mode  of  ascertaining  its  value  however  parallax  varied  in  all  cases,  as  the  sine 

will  be  of  the  same  nature ;  and  its  ex-  of  the  apparent    zenith  distance,  and 

istence  may  be  assumed  as  probable,  if  that  aD  bodies,  however  different  tho 

we  find  tdl  the  phenomena  of  the  heavens  absolute  amount  of  their  parallax,  had  its 

corresponding  to  that  supposition.  Thus,  variations  conformed  to  that  rulct  we 

still  taking  the  case  of  precession,  we  might  ftiiriy  conclude  that  the  amount  of 

have  already  seen  that  up«i  the  suppo*  panillax  aepended  on  the  amount  of 

sition  of  the  retrograde  motion  or  the  the  zenith    distance ;    and  in  fact  we 

equator  on  the  ecliptic  by  5 O'M  annually,  know  from  theory  that  it  is  so.    The 

the  apparent  places  of  eveiy  star  in  the  same  may  be  said  of  all  ftie  other  eor« 

heavens  would  be  affected,  but  diffe«  rections  which  have  k)een  mentioned: 

rently  according  to  the  different  position  refhtction,  precession,  nutation,  aberra* 

of  each  star ;  and  we  find  that  the  appa-  tion,  all  affect  all  bodies,  however  differ* 

rent  places  of  each  star  do  vary  in  the  entby  in  appearance,  according  to  thdr 

manner  corresponding  to  that  snpposi-  distances  from  certain  points,  lines,  or 

tion,  or  velr  nearly  so.    It  is  therefore  objects ;  and  we  therefore  conclude  that 

reasonable  to  believe  that  supposition  the  amount  of  these  several  corrections 

true,  even  now,  while  as  yet  we  nave  no  dependf  on  these  distances ;  and  thatt 

further  grounds  for  thinking  it  so.     It  when  we  discover  their  causes,  we  shall 

is  possible  that  each  star  may  really  find  them  such  as  would    make   tlie 

have  a  motion  which  exactly    conre-  amount  necessarily,  and  in  its  vefy  na- 

sponds  to  the  effect  which  would  be  pro«  ture,  correspond  to  these  distances.  We 

duced  on  its  apparent  place  upon  the  shaU  hereafter  see  that  it  is  really  so 

supposition  of  this  retrograde  motion  of  with   respect   to  moessbn,   nutation, 

the  equinoxes,  and  thus  that  the  equinox  and  aberration.      We  afaneady  know  it 

itself  may  be  stationary ;  but  it  is  not  at  with  respect  to  refraction  as  well  as 

all  likely  that  an  almost  incalculaUe  parallax* 
number  of  bodies  shoukl  each  of  them 
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8t  CTTON  v.— On  the  proper  motions  of  differences  of  which  cannot  be  expressed 
the  fixed  Stare,  by  any  assi^able  law.  Thus  of  two 
Wb  have  yet  a  further  qualification  to  **?''s  situated  very  near  each  other,  one 
give  to  our  original  statements,  with  will  appear  to  have  no  motion  whatever, 
respect  to  the  fixed  and  invariable  posi-  the  other  a  motion  Eastward ;  while  a 
tion  of  the  stars.  We  have  already  seen  third,  also  situated  very  nearly  in  the 
that  the  uniform  position  of  which  we  same  part  of  the  heavens,  may  perhaps 
spoke  must  not  be  considered  to  be  that  bave  a  motion  directly  Westwawl,  or  m 
immediately  observed,  but  only  that  de-  some  other  completely  diflPerent  direction, 
duced  from  it,  after  correction  on  all  the  ,  We  cannot  refer  these  apparent  mo* 
different  accounts  we  have  mentioned,  tions  to  any  source  affecting  the  accuracy 
It  is  however  found,  after  this  is  done,  of  our  observations,  for  any  such  would 
that  many  of  the  stars  appear  not  to  affect  all  observations,  and  would  affect 
continue  exactly  in  the  same  places,  them  in  a  manner,  different  perhaps  in 
but  to  have  a  small  motion  still  un-  each  particular  instance,  but  corre* 
explained  and  unaccounted  for.  In  sponding  and  consistent  in  all.  We  there- 
this  we  do  not  speak  of  a  small  class  fore  are  reduced  to  the  conclusion  that 
of  heavenly  bodies,  whose  motions  they  are  produced  by  a  real  motion  in 
are  very  great  and  well  understood,  the  stars  in  question  ;  or  that  some  of 
and  of  which  we  shall  hereafter  treat  those  stars  which  are  called,  in  common 
fully  under  the  name  of  planets,  but  of  with  those  which  really  have  no  ascer- 
many  of  that  large  class  of  bodies,  which,  tainable  motion,  fixed  stars,  have  really 
from  the  very  sfight  change  which  their  small  continual  motions  of  their  own,  or, 
position  undergoes,  and  the  appear-  as  they  are  called,  proper  motions, 
ance  of  unmov^ness  which  they  conse-  These  proper  motions  of  upwards  of 
quently  present,  are  known  by  the  name  ^^0  stars,  have  been  ascertained  to  ex^" 
of  fixed  stars.  ceed  one-fifth  of  a  second  in  a  year. 
It  is  not  necessary  here  to  detail  all  ^^any  of  the  more  brilliant  stars  are 
the  precautions  necessary  in  observing  among  those  which  have  these  proper 
these  variations ;  they  are  veiy  small  motions.  We  may  instance  Arcturus, 
in  amount,  the  greatest  known  not  Sirius,  Castor,  Pollux,  Procyon,  Re- 
being  more  than  4''  in  the  course  of  gulus,  and  the  first  star,  or  «,  of  the 
a  year,  and  most  of  them  not  exceed-  constellation  of  the  Eagle.  The  proper 
ing,  or  even  equalling,  1"  in  that  time,  niotion  of  Arcturus  is  such  as  to  dimi- 
It  is  by  the  comparison  of  observa-  i^ish  his  North  polar  distance,  or  in- 
tions  made  at  distant  periods  that  such  crease  his  declination  by  nearly  2*^  every 
minute  motions  can  be  best  detected.  If  year,  and  to  diminish  his  right  ascension 
they  accumulate  for  years,  the  aggregate  hy  a  little  more  than  I"  in  the  same 
will  be  so  considerable  that  any  inac-  period.  It  is  evident  that  these  motions 
curacy  in  its  ascertainment  will  bear  but  are  not  to  be  neglected  in  the  use  we 
a  small  proportion  to  the  total  amount ;  ™ake  of  obsei  vations  connected  with  hia 
and  thus,  if  the  whole  amount  be  dis-  place*. 

tributed  equally  over  the  whole  space  of  For  this  reason  the  proper  motions  of 

time,  the  rate  of  motion  will  be  ascer-  several  of  the  more  remarkable  stars 

tained,  if   not  with  absolute    correct-  which  have  them  are  inserted  in  astro- 

ness,  yet  with   a  very  near  approach  nomical  tables.    The  proper  motioB9» 

to  it.    It  is  thus  found  that  many  of  being    in    all   directions,    wouki,    in- 

the  stars  appear  to  have  small  mo-  dependently    of     thehr    difference    in 

tions  which  cannot  be  referred  to  any  amount,  act  differently  in  different  cases, 

of  the  causes  of  variation  which  we  have  upon  the  right  ascension,  declination^ 

hitherto  mentioned.    If  any  law  could  &c.  of  the  stars,  increasing  them  in 

be  discovered,  according  to  which  these  some  instances,   diminishing  them  in 

motions  varied  in  each  particular  case,  others,  and  requiring  in  each  case  to  be 

they  would  only  furnish  snround  for  in-  separately   calculate    and   estimated, 

troducinganotnergenersd  correction,  to  The    results    of    these    computations 

be  applied  to  all  stars.     But  this  is  not  however  are  themselves  registered,  or 

found  to  be  the  case:  many,  indeed  far  rather  they  are  generally  combined  with 

the  largest  portion  of  the  stars,  have     "■*„,  . ~~     "7T~»"~.Tt: 

^^A  u^lL  e  J  *  u  —*»,"•*»«  *  We  have  already  ween,  (ch.U.  J  L)lii«Unc«t  of 
not  been  found  to  have  any  such  mo-  the  manner  in  which  Tartation*  in  decUnaUon  aod 
tion,  and  those  which  have  it,  have  ^ght  ascension,  arising  from  preceulon,  affect  ob- 
it of  AinAiiTif «  Aru\  in  HiroAfrinna  tint  nn\v  ■«'▼•**•«».     Of  conrM  almilar  Tariationa  will  do 

u  or  amounts  ana  in  directions  not  only  ^  i^  ^^  ^^  „,„^  ^^^  tbey  «ut  ftw» 

Teiy  different  lo  different  cases,  bat  me  wj  oUier  caoae. 
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the  effects  of  precession,  under  the  title  sented  hy  a  great  circle  of  the  heavens, 

of  the  anntud  variation  of  the  particular  or  hy  the  intersection  of  a  plane  passing 

star  in  question ;  so  that  for  all  pur*  through  the  centre  of  the  earth  with  the 

poses  of  practical  utility  the  ohserver  imaginary  sphere  of  the  heavens.    Ol> 

may  at  once  refer  to  these  coAaputed  serving  also  her  apparent  diameter  from 

results,  and  thus,    hy  a  single  addi*  time  to  time,  we  nnd  that  this  continue 

tion  or  suhtraction,  make  the  neces-  ally   increases  during  one,  and  conti- 

sary  correction  for  the  effects  both  of  nually  diminishes  through  another  por- 

precession  and  of  the  proper  motion  of  tion  of  her  course ;    and    comparing 

the  star  Q})served.  these  different  observations  with  each 

We  may  now,  for  the  present,  quit  other,  in  the  manner  already  explained 

the  consideration  of  the  stars.    There  in  the  case  of  the  sun,  we  nnd  that  she 

are  other  cirumstances  connected  with  also  appears  to  move  in  an  ellipse  about 

them  which  will  hereafter  call  for  exa-  the  earth,  the  earth  being  in  one  of  the 

piination ;  but  we  have  now  deduced,  foci.    By  observation  of  her  parallax  we 

from  their  general  appearances,  all  that  find  that  her  mean  distance  from  the  earth 

is  necessary  to  fit  us  for  the  consider-  is  about  s\x\y  times  the  earth's  radius ; 

ation  of  the  more  complicated  pheno-  the  greatest  distance  of  the  moon  is 

mena  of  the  moon  and  the  planets;  about  sixty-four  times,   and  the  least 

namely,  the  apparent  general  daily  rota*  about  fifty-six  times  the  radius  of  the 

tion  of  the  whole  sphere  of  the  heavens»  earth,  quantities  differing   from   each 

and  the  various  corrections  and  allow-  other  in  the  proportion  of  8  to  7:  a 

ances  which  must  be  made  in  every  case  much  higher  variation  than  that  which 

for  the  purpose  of  deducing  the  true  subsists  in  the  solar  ellipse.    The  great* 

place  from  that  actually  observed.     In  est  apparent  diameter  of  the  moon  is 

roeaking  of  the  moon  and  planets,  we  about  33'  31",  the  least  29'  22",  quan- 

anall  always  consider  these  corrections  tities  which  obviously  are  very  nearly  in 

as  made»  and  take  no  notice  of  them  that  ratio.     We   also   find   that    her 

unless  when  they  incidentally  become  radius  vector,  like  the  sun's,  describes 

material  for  the  purpose  of  determining  equal  areas  in  equal  times.     Another 

other  elements,  as,  for  instance,  the  pa-  result  also,  deduced  from  observations 

i:ullax  in  discovering  the  distance  of  any  similar  to  those  already  mentioned,  is, 

of  these  objects.    For  the  future  there-  that  the  apsides  of  the  moon's  orbit, 

fore,  when  we  speak  of  the  place  of  a  the  two  extremities  of  the  transverse 

heavenly  body,  we  sneak  of  its  place  as  ,  axis,  or  her  perigee  and  apogee,  are  not 

Jt  would  be  observed  and  estimated  by  stationary,  but  move  forwards  at  the 

an  observer  at  the  centre  of  the  earth  mean  rate  of  40°  40'  32".2  in  every  year, 

at  the  time  of  making  the  observation,  or  complete  a  circuit  of  the  heavens  in 

and  after  correcting  the  observation  from  3232**  1 3**  5 6™  1 6«.8 . 

the    errors    occasioned   by  refraction.  The  orbit  of  the  moon  is  not  in  the 

aberration,  and  nutation.  same  plane  with  that  of  the  sun,  it  is 

Having  premised  thus  much,  w*e  pro-  inclined  to  it  at  an  ansrle  of  little  more 

ceed  to  the  consideration  of  the  lunar  than  5°;  but  this  inclination  varies :  it 

motions.  never  falls  short  of  5°,  it  isometimes 

Chapter  III.  amounts  to  as  much  as  5°  1 8'.  The  moon 

fl.^««.T/v^,  T      iuf^4i /•  jj^l  %M  ^  '  therefore  is  seen  sometimes  to  the  North, 

^  ^.^-ITw  M?  ^'m  ^T, •*"  ^^  sometimes  to  the  South  of  the  ecliptic 

S?5f^r^^  lw5!^l^^^  «^"<i  ^  all  great  circles   of  a  sphere 

'^pU2^'  T^^^V  ^'^^^  bisect  each  other,  an  equal  space  of  her 

^Fenodic  ttme-^Synodtc  penod,  ^^^^^  ^^  ^he  heavens  will  be  to  the 

It  mil  be  unnecessary  to  go  into  any  North  and  to  the  South  of  that  line, 

detail  of  the  manner  in  which  we  ascer-  The  circles  intersect  each  other  in  only 

tain  the  nature  of  the  moon*s  motions ;  two  points ;  and  for  the  whole  space  from 

they  are  found  by  observation  of  her  one  to  the  other,  the  moon  will  either  l)e 

places  at  different  times,  and  of  her  re-  always  to  the  North,  or  always  to  the 

lative  distances  at  those  times,  just  in  Sout  h  of  the  ecliptic.  The  pointswhere  the 

the  same  manner  as  those  of  the  sun.  moon's  orbit  intersects  tne  plane  of  the 

We  thus  find  that  the  moon,  like  the  sun's  orbit  are  called  the  nodes  of  her 

sun,  moves  alternately  from  North  to  orbit ;  that  at  which,  having  been  South 

South,  and  from  South  to  North,  and  of  the  ecliptic,  she  passes  to  the  North* 

continually  from  West  to  East  amongst  ward  of  it,  is  called  theascending  node, 

the  fixed  stars ;  and  we  find  that  her  the  point  which  we    have  mentioned 

track,  aa  well  as  his,  may  be  repre-  in  treating  of  nutation ;  that  at  which. 
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having  been  North  of  the  ecliptic,  she    through  360^ in  P,  he  will  move  through 

passes  to  the  South  of  it,  is  the  descend^  30  a  j^  the  time  *,  or  in  the  synodic 

tng  node*.      The  nodes  also  are  found  •'""  p'      "'^  ''**"''  *'  "*  • "  "*^  »/""**«» 

to  nave  a  motion  on  the  ecliptic,  which  period  of  the  moon;  or  the  angle  A  will 

carriesbacktheintersectionof  the  nodes  «*t,xi.               »-^» 

with  the  ecliptic  by  about  19°  21'  23".  6,  be  360^  - .    But  the  moon,  before  she 

in  evei7  J^^  i  ^^f^^^^l^^}^^^^^^  overtakes  the    sun,   wiU  have  moved 

complete  the  circuit  of  the  heavens  m  ' 

6793*  10»»  6~  29/952;  or  6793.42118  through  360°  + A,  or  360°+  360°i; 

days.  ' 

We  have  said  that  the  moon  moves  an^  a«  she  takes  the  time  p  to  move 

round  the  earth,  from  West  to  East,  thro^ugh  360°,.she  will  take  the  tmie 

The  sun  moves  in  the  same  direction,  360   +  A     ^q  j^Qye  through  360° +A* 

but  is  much  longer  in  completing  an  360°     •^*                    ^                  * 

entire  revolution  than  the  moon.     It  is  «      j^ocnS 

evident  therefore  that  if  the  sun  and  ^^^  ■^'^^"p 

moon  are  at  some  one  instant  in  the    or  *  = tt- •  P 

same   direction    with    respect    to    the  p     _  p 

earth,  the  moon  will  move  more  rapidly  ®'                  "  '  "  '^P  "*"  *  ^»p 

Eastward  than  the  sun,  and  will  conse-  and  hence  p  =  — —  or  *  =  — H.  : 

quently  separate  from  him ;  and  will  P  +  *              P  — p 

continually    outstrip    him.    until    she  equations  from  which,  if  either  quantity 

returns  to  the  same  place  at  which  we  *  or   p  be  known,  the  other  may  bi 

suppose  her  to  have  been  when  they  computed:   for  P,  the  length   of  the 

were     originally    observed     together,  year,  is  known. 

When  however  she  arrives  there,  the  The  angular  motions  however  both 
sun  will  be  there  no  longer,  but  at  of  the  sun  and  moon  are  variable,  and 
some  distance  to  the  Eastward  of  that  this  method  therefore  seems  to  give 
position,  and  the  moon  will  have  to  go  but  an  inaccurate  mode  of  estimating 
on  for  some  time  longer  before  she  the  elements  in  question.  We  may 
overtakes  him,  and  is  again  seen  in  the  however  estimate  m  this  manner  their 
same  direction  with  him.  Her  time  of  mean  value.  If  we  suppose  the  dura- 
returning  to  this  point  in  her  orbit,  tion  of  an  actual  revolution  of  the 
from  which  we  have  supposed  her  to  moon,  her  periodic  time,  to  be  always 
set  out,  or  of  making  a  complete  revo-  *he  same,  the  length  of  a  synodic  revo- 
lution round  the  earth,  is  called  her  l^^ion  will  only  be  affected  by  the  difn 
periodic  time;  her  time  of  being  again  ferent  rates  at  which  the  sun  and  moon 
in  the  same  direction  with  the  sun,  is  move  in  different  parts  of  their  orbit* 
called  her  synodic  period,  or  synodic  It  will  necessarily  increase  when  the 
revolution,  frohi  a  Greek  word  which  angular  velocity  of  the  sun  increases^ 
signifies  a  coming  together.  for  in  that  case,  the  angle  which  the 
[If  either  of  these  quantities  is  moon  has  to  traverse  after  returning 
known,  the  value  of  the  other  can  be  *<>  her  original  place  before  she  rejoins 
computed  from  it.  Thus  let  #  represent  the  sun,  increases  also ;  and  it  will  be 
the  synodic  period  of  the  moon,  p  her  diminished  when  the  angular  velocity  of 
periodic  time,  P  the  period  of  a  revo-  the  moon  herself  in  this  part  of  her  orbit 
fution  of  the  sun ;  and  let  A  represent  is  increased,  for  then  the  time  of  her  de- 
the  angle  through  which  the  sun  has  scribing  that  angle  will  be  diminished, 
moved  before  the  moon  overtakes  Now  the  synodic  period  may  be  deter* 
him;  and  let  us  also  suppose  for  the  mined  by  observation ;  and  the  best  mode 
present  that  the  angular  motions  both  of  doing  so,  is  by  the  observation  of  eclip- 
of  the  sun  and  moon  are  uniform.  If  s^s  of  the  moon.*  The  nature  of  these 
this  be  the  case,    as  the  sun  moves  'phenomena  will  be  hereafter  explained : 

. they  are  very  easily  observed ;  and  the 

•  At  the  ucendiDg  node  the  moon's  declination  middle  of  the  eclipse  IS  very  near  the 

which  ha«  been  more  Soathwud  than  that  of  the  time  at  which  the  earth  is  directly  be- 

Bun,  becomes  more  Northward,  or  she  passes  the     .  ..  j  .. x  .^. 

meridian  nearer  to  the  North  Pole;  or,  as  in  Uiose  tween   the  SUn  and  the  moon,  and  that 

parts  of  the  world  where  astronomy  hu  been  most  exact  time  may  be  easily  computed  from 

cultWated.  the  moon  never  passes  the  meridian  au     obaervationa  made    of  f  h«   Pn1in«» 

to  the  NorUi  of  the  »enith,  and  the  NorUi  Pole  is  ™  ODServauons   maoe    01  me    eClipse. 

■boTe  the  horlson,  she  passes  the  meridian  higher  FrOm    One  Of  thcSC  times  therefore  tO 

than  the  sun,  having  hitherto  passed  it  below  him.  —————— ——^.^——— .——— 

Beace  this  is  called  tht  ascending  node  2  and,  for  *  EcUpaet  of  the  sun  may  also  be  used,  bat  more 

the  coBTcne  raWQPi  llM  Otber  tlio  dctccnding  calculation  is  required  to  make  the  coadnsionii 

JMde.  4nwii  ftoa  tiieui  cqnaUi  nccuntSi 
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fiiiother,  or  firom  the  comnienoenient  or  observed ;  and  the^ime  of  the  ocoiirreiiot 

close  of  one  eclipse  to  those  of  another  of  some  has  been  recorded  with  sufficient 
happening  under  similar  circumstances  accuracy,  even  before  the  Christian  era. 
(for  then,  in  each  case,  the  moon  will  be  By  comparing  these  with  recent  obser* 
in  the  same  position  with  respect  to  the  vations  made  at  the  same  season  of  the 
earth),  is  necessarily  either  one  syno*  year,  the  duration  of  the  mean  synodic 
die  period  of  the  moon,  or  some  exact  period  may  be  ascertained  with  very 
number  of  synodic  periods:  and  if  the  great  accuracy;  and  it  is  thus  found  to  be 
time  at  which  each  takes  place  be  ob-  29<^.  12^  44"".  2«.8,  or  29.530588  days*, 
served,  the  interval  between  them,  di-  The  sidereal  year  is  of  365.256384 
Tided  by  the  number  of  synodic  revolu*  days  :  the  mean  periodic  revolution 
tions,  will  give  the  length  of  the  synodic  of  the  moon  therefore  is 
period.  If  the  eclipses  are  taken  at  the  365.256384  x  29.530588  . 
same,  or  very  nearly  the  same  period  365.256384  +  29.530588  *^'  ^^ 
of  the  year,  the  moon  and  sun  will  each  27.321661  days,  or  27*^  7^  43~  ir.5l. 
of  them  be  nearly  in  the  same  position  This  is  evidently  the  «Vferarfr«w/»<ion  of 
with  respect  to  the  earth  at  each  obser-  the  moon :  her  time  of  describing  360^  or 
yation,  or  each  will  have  revolved  a  cer-  of  returning  to  the  same  position  with  re- 
tain number  of  times  round  the  earth  ;  sp^^t  to  the  stars.  But  while  she  performs 
and  consequently,  as  the  principal  in-  her  revolution,  the  equinox  will  have  re- 
equalities  ot  the  motion  of  each  are  gone  trograded,  and  her  return  to  the  same 
through  m  the  space  of  one  revolution,  position  with  respect  to  the  equinox,  or 
each  will  have  gone  through  all  the  (je^  tropical  period,  will  be  shorter, 
varieties  of  its  motion  a  certain  number  xhe  tropical  period  may  either  be  de- 
of  times  and  may  therefore  be  consi-  ^uced  from  the  sidereal  period,  or  d». 
dered  as  having  passed  through  the  same  juced  in  the  same  manner  from  a 
•pace  as  if  it  had  always  moved  with  its  similar  equation  :  for  if  g  represent  the 
mean  motion.  The  synodic  penod  there-  tropical  period  of  the  moon,  and  Q  the 
fore,  thus  deduced,  will  be  the  mean  tropical  year,  «  being  the  synodic  pmiod 
synodic  period ;  except  indeed  that  the  q  ^ 
motion  of  the  moon's  apogee  being,  as  as  before,  q  =  q  ,  an  equation  ex- 
we  have  seen,  considerable,  must  not  be  ^  ,,  .:^;i«,  ♦^♦i^'ioi^  tk-  «*v««: 
entirely  left  out  of  the  account,  as  the  jctly  «milar  *V«  J5!!;nj?h1.^«  ?' 
rate  of^her  motion  in  her  orbit  depends  ?«"^*»^"«  ''!^*''^J2  "l^f^Sj^L  SJ*' 
on  her  situation  with  relation  to  that  Jf"  ».«*«  "^^her  7««^  ^f  «P}'S^«g^^^^ 
point    Tomake  the  correctness  of  the  those  mvolyed  m  the  proof  of  tl^form^^ 

&  deduced  complete  therefore,  we  ^"vf:L  ^*  1^;^^^^^^ 

should  add  the  further  condition  that  while  to  subjom  them  t.    The  length  of 

tlie  apogee  of  the  moon  should  be  about        •  TUs  is  Uie  rasult  dedaced  for  the  compariMn 

the  same  place  at  each  observation.    It  of  "  «c»p«  **^;«^*?  ^  }^^^^}^^^^Jr  ^'  ^' 

uiv  aiMuc  F'"^^  **»'  ^"J*''  v*'»ci  T»iiv«.     *.  ^^^  ^^^  olwerred  In  Parte  in  1771.  The  whole  num. 

would    not  however  be  easy  to   tind  Ob-  ber  of   synodic  nvolutions  in   the  Intenral  wm 

Servations  so  fillly  corresponding  to  each  3O6I7  \  and  any  error  produced  by  the  ineqoalitiea 

other      If  however  we  take  ohservations  ^^  '***  moon's  motion  would  be  dirlded  equally 

^^        ,.  r   ^^Z^^^^^  ^®  ^?^  opservaiions  ^^^^^  ^,  ^j^^^  revoinUooa. 

Tery  distant  from  each  other  in  time,  ttl^        \  [Adopting  the  noutton  used  in  the  text,  let 

apogee  will  have  revolved  a  certain  num-  «  =  amount  of  oreceeelon  in  the  time  of  the  rooon'i 

.•^^-i-.  J  . 1       f  4.  tropical  revohition,  or  in  ff }  and  ^  •- precesaion  In 

ber  of  times,  and  in  each  of  these  revo-  a  tropical  year,  or  in  q. 

lutions  the  moon  will  have   had  all  her        Thi/b  as  the  sun  in  a  tropical  year  describes 

varieties    of  motion  ;  there  will  besides  ^l^rJ^^  de«:ribed  by  tHe  sun  in  the  aynodle 

be  one  incomplete  revolution    of   the      -,  ^  « f«go     *)  *  • 

apogee,  and  one  only,  occasioning  some  p*"****"*  ^«^  —  ^5* 

deviation  from  the  mean  value.    Still      »«»*  th«  °»<>o°  »«^  ^^  synodic  period  describes 

the  error  thus  produced  will  l>e  divided  this  angle  and  deo°  betides,  or  sso  +  (300  —  6}  ~ 

in  the  manner  we  have  already  illus-      i«ow  in  «,  the  moon  deticribcs  sao—a}  and 

trated,    p.   40,    among    all    the    synodic  consequently  the  motions  being  supposed  uniform, 

periods  included  between  the  two  obser-  9 : « ::  mo  —  a :  860  +  ^^^""^^f ; :  aso  a  —  a  q 

vations,  and  will  therefore  produce  very  :36oq  +  3gOs— 61 

little  effect  on  each;  and  on  the  same  and  consequently  8GOQ  74-S60«  q^h  tq^ 

principle,  if  the  time  intervening  be  great  ?",S/.r"^**  .     u       i«>       -*.-.««.. 

•^      .  r    '  ..^_  »u  r  «.•         -^j.,^,^  But,  if  the  precession  be  uniform,  a  :  o  ::  g  :  Q  or 

enough,  even  the  inequalities  produced  ^  q^.  fc^JraQs-fti^. 

by  observing  at  different  seasons  of  the        Talclag  away  therefore  these  equal  quantltlea. 

year  may  be  neglected.  8fl0Q«  +  a6©*fl-3«0iQ. 

Now  eclipses  are  phenomena  so  re-      OriQ«  +  »»"*«^wsf*Qj:;-  *•  '•■■** 

markable,  tnat  they  have  been  very  kn^  lUudsboTe.] 
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tlM  tropiGil  rerolutioii  flwrtfon  (the  meridian  contiaaaUy  lit  a  longer  inter- 
length  of  the  tropical  year  being  val  after  the  sun :  and  while  she  does 
-  ,    865.842264  X  29.530588    so,  the  breadth  of  the  crescent  continu- 

365.242264)  IS  3^5  242264  +29.530588  ^Y  increases,  the  outward,  or  West- 
days,  or  27.321582  days,  or  27*  7*^  43-  jm  line  continuing  to  be  circular. 
4«(^g5 -%  '  but  the  inner  ellipse  continually  be- 

Thus  far  our  observations  require  coming  less  strongly  curved  untH^ 
Mttk  explanation ;  and  we  have  thought  ^  ™oon  is  distant  about  90  froni  the 
H  best  to  premise  them,  as  the  ascer-  sun,  and  comes  upon  the  meridian  about 
iainment  o»  the  shape  and  position  of  ««  hours  after  him,  this  inner  curve  is 
the  moon's  orbit  depending  on  the  same  changed  into  a  straight  line,  and  the 
principles,  and  being  deduced  in  the  same  appearance  is  that  known  by  the  name 
manner  as  that  of  the  sun.  we  may  at  ^^  haVmoon.  After  tins  time  the  hne 
once  refer  to  it  as  so  ascertained,  with-  becwnes  again  elhptical,  but  has  jte  con- 
out  entering  into  any  detail  of  the  steps  y«"*y  towards  the  side  most  distantfroni 
necessary  to  its  investigation ;  and  the  ^\  ?«»•  «'  bulges  out  m  that  direction, 
diflcrenw  between  the  synodic  period  "w^the  two  lines  which  appear  to  bound 
and  the  periodic  time  follows  so  imme-  ™  moon  become  concave  to  each 
diately  from  the  motion  of  revolution,  »ther :  m  this  condition  the  moon  w 
that  it  was  necessarily  introduced  as  a  ^^^^^  «^^^A  ^^  the  side  of  the 
consequence  of  it.  These  results  how-  moon  most  distant  from  the  sun  con- 
ever  db  not  at  all  exphun  the  most  re-  ^^^^^Y  becomes  more  and  naore  strong- 
markable  appearances  of  the  moon,  or  \  c«^«^»  »«*  ^^  apparent  breadth  of 
those  to  whi&i  the  attention  of  a  com-  ™  ««»  consequently  greater,  until, 
nott  observer  is  first  directed :  and  we  ^^«"i.^  right  ascenri<m  of  the  moon  la 
now  proceed  therefore  to  state  the  na-  »J<^  different  from  that  of  the  sun,  and 
tnre  of  those  appearances,  and  to  the  comes  on  tlw  mmdian  twdve  houre 
explain  the  canses  from  which  they  ^^  ^«'  ^  »*  midnight,  tha  side  of 
TffQ^f^^  the  moon,  as  well  as  the  other,  u'  a 

*^^^*  semicircle;     and    the    moon   i^pears 

SMcrioN  IL— On  the  Phoiei  of  the  eompletdy  round  m  the  heavens,  or,  a« 
Moon^Otmeral  aceount-Law  of  we  say,  rt  is/u^  woon.  From  thift 
their  VanoHon^Earthihine^PrO'  period,  although  the  moon  stiU  comes 
porHon  of  Moonlight  ai  different  eea-  ^Vf^  S^  meridian  longer  and  longer 
wie  Mfpiacee^HarveetMoon.  ^^f  the  sun,  she  approach^  him  m 

"^  distance,  for  no  points  upon  the  sphere 

Taa  period  of  time  durinj^  which  the  can  be  distant  from  each  other  more 
appearances  now  iu  question  succeed  than  180°;  and  when  the  difference 
eaeh  other,  is  the  synodic  revolution  of  of  right  ascension,  in  the  direction  in 
the  moon,  or,  as  it  is  commonly  called,  a  which  it  is  measured,  exceeds  this  quan- 
iunar  numih.  There  is  a  certain  period  tity,  the  distance  measured  backward 
during  which  the  moon  is  not  at  all  visir  must  fall  short  of  it :  thus,  if  the  moon 
hie ;  and  in  the  course  of  which,  as  we  comes  on  the  meridian  15  hours  after 
know  from  observation  and  computation  the  sun,  or  the  difference  of  their  right 
of  her  course,  she  has  the  same  right  ascension  is  225°,  the  distance  between 
ascension  with  the  sun,  or  comes  on  the  them,  measured  in  the  opposite  direction, 
meridian  at  the  jHOne  time  with  him.  is  only  9  hours,  or  135°,  or  she  comes 
It  is  some  time  after  this  before  she  be-  on  the  meridian  only  9  hours  before  the 
comes  visible,  and  when  she  does  so.  succeeding  noon.  After  the  full  moon 
she  is  seen  in  the  West  soon  after  sunset,  therefore,the  distance  begins  to  diminish, 
with  the  appearance  of  a  very  thin  ere-  and  as  it  diminishes  it  is  found  that  the 
scent,  the  bright  and  visible  part  having  appearances  visible  during  its  increase 
the  side  nearest  to  the  sun  convex  to-  succeed  each  other  in  the  contrary  order; 
wards  him.  and  apparently  semicircular :  that  the  moon  becomes  gibbous,  and  her 
the  inner  part,  or  the  part  farther  from  apparent  breadth  continually  diminishes. 
the  sun,  being  elliptical,  and  convex  in  the  side  now  next  the  sun  continuing  ap- 
the  same  direction  with  the  outer.  From  parently  circular,  the  other  becoming  d- 
this  time,  as  the  moon's  motion  £ast-  fiptical,  and  continual^  less  and  less 
ward  in  the  heavens  is  greater  than  the  strongly  curved,  until,  about  the  time 
8un'8,in  the  ratio  of  13  to  1  nearly,  their  when  the  distance  between  them  is 
distance  from  each  other  continually  270°  in  one  direction,  or  90°  in  the 
increases,  aa  the  moon  comes  on  the   other,  the  appearance  of  ball  moon  is 
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again  presented ;  and  from  that  time  luminoug  of  herself*  for  if  she  were  «he 

forward  the  moon  appears  as  a  crescent  would  always  be  visible  when  aboye 

continually  diminisbmg  in  breadth,  until  the  horizon,  whatever  were  her  position 

at  length,  when  she  has  got  as  near  the  with  respect  to  the  sun.    Considering 

sun  as  she  was  when  she  first  became  her  therefore  as  opaque,  but  capable  of 

visible  at  the  beginning  of  the  month,  she  reflecting  light,  it  is  plain  that  one  por- 

disappears,   and  is  not  again  seen  till  tion  of  the  moon  would  always  be  light, 

the  corresponding  period  of  the    next  namely,  the  whole   portion    which   is 

month,  when  the  same  order  of  appear-  turneJ  towards  the  sun,  and  the  rest 

ances  recommences.    The  appearances  would  be  dark.      We    should  conse- 

during  the  period  of  her  dimmution  are  quently  see  only  that  portion  which  tlie 

exactly  the  same  with  those  during  the  sun  illuminated,  and  only  so  much  of 

period  of  her  increase,  and  correspond  to  that  portion  as  was  on  the  side  of  the 

exactly  tlie  same  distances  in  eacn  case,  moon  turned  towards  us.    When  there- 

Thus,  if  the  shape  of  the  moon  be  ob-  fore  the  moon  was  between  us  and  the 

served  when  her  angular  distance  from  sun,  she  would  be  invisible,  because  the 

the  sun  is  70^  East,  it  is  found  that  whole  of  her  enlightened  side  would  be 

she  has  exactly  the  same  shape  when  turned  from  us;  gradually,  as  she  re- 

290^  East,  or  70"^  West  of  him :  the  ceded  from  this  position,  some  part  of 

only  difference  is  that  the  circular  part,  her  enlightened  side  would  be  within  the 

or  limb,  of  the  moon,  which  was  turned  view  of  an  observer  at  the  earth,  and 

in  the  former  case  towards  the  Western  this  part  would  continually  increase  as 

part  ofthe  heavens  where  he  set,  is  turned  she  got  farther  from  the  sun,  until  at 

m  the  latter  towards  the  Eastern  part  lengSi,  when  she  was  upon  the  oppo* 

where  he  is  about  to  rise.  site  side  of  the  earth,    or  the  earth 

It  is  obvious,  therefore,  that  these  was  between  her  and  the  sun,  the 
appearances,  or  phases,  as  they  are  same  portion  of  the  moon  woidd  be 
called,  of  the  moon,  depend  upon  her  turned  towards  the  sun  and  earth,  or 
angular  distance  from  the  sun,  for  they  the  whole  of  the  enlightened  portion 
continually  vary  with  the  variation  of  would  be  visible  to  us.  From  this  time 
that  quantity ;  the  visible  magnitude  of  she  would  again  approach  the  sun,  and 
the  moon  increasing  when  that  quantltr^  some  part  of  the  enlightened  portion 
increases,  and  diminishing  when  it  di-  would  continually  disappear;  and  as 
minishes;  and,  when  that  quantit^r  is  the  quantity  visible  would  depend 
equal  at  different  periods,  these  visible  merely  on  the  relative  positions  of  the 
magnitudes  being  equal  also.  Nor  is  sun,  moon,  and  earth,  the  decrease 
it  difficult  to  perceive  that  the  appear-  would  follow  the  same  law  as  the  in- 
ances  presented  correspond  to  those  crease,  although  in  a  reversed  order,  for 
which  would  obtain,  if  the  moon  were  the  relative  positions  would  succeed 
an  opaque  body,  giving  forth  no  light  of  each  other  in  this  manner.  These  con- 
its  own,  but  capable  of  reflecting  the  elusions  may  be  illustrated  by  inspection 
light  received  from  the  sun.  of  Jig.  16,  where  if  T  r^resent  the 

It  is  evident  that  the  moon  is  not  earth,  S  the  sun,  (of  which  however 
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the  distailce  must  be  taken  to  be  very  the  enlightened  part  of  the  dioon  visible 

great,  although  it  is  not  represented  from  the  earth,  will  also  be  a  circle  of 

80  for  the  convenience  of  the  figure,)  the  sphere,  but  this  will  be  seen  ob- 

and  A,  B,  0,  D,  E,  &c.,  diiferent   po-  liquely  from  the  earth,  and  will  there* 

sitions  of  the  moon   (which  we  will  fore  assume  an  oval  appearance  ;   it 

suppose  spherical)  in  her  orbit,  the  en«  therefore  will   be  represented  by  the 

ligntened  portions  of  those  circles  will  inner  boundary  of  the  light  part  of  6. 

•represent  the  enlightened  part  of  the  These  lines  will  evidently  meet  in  a 

moon  in  each  case ;  and,  as  tht;  part  of  point,  as  they  do  in  the  figure,  because 

the  moon  turned  towards  the  earth  will  the  corresponding  circles  in  B  do  ac» 

be  that,   or  very    nearly  that  within  tually  meet   so,   and  the  visible  light 

the  circle  passing  through  A,  B,  C,  part  of  the  moon  itself  consequently 

&c.,  the  part  visible  in  each  case  will  terminates  in  one. 

be  only  so  much  of  the  enlightened  The  reader  will  have  no  difficulty  in 

S art   as   is  within  that  circle.     The  ascertaining  in  the  same  manner  the 

gures  in  the  outer  circle,  a,  b,  c,  &c.,  correctness  of  the  other  delineations, 

will   represent    the    appearances,    or  We  conclude  therefore  that  the  moon 

phases,  of  the  moon  in  the  corresponding  shines  by  light  reflected  from  the  sun ; 

situations,  the  light  parts  only  being  and  we  shall  find  a  still  farther  proof  of 

visible.    Thus,  at  A,  the  whole  of  the  it  when  we  treat  of  eclipses,  for  we  shall 

enlightened  part  of  the  moon  is  turned  see  that  even  when  sne  is  opposite  to 

from  the  earth,  and  none  of  it,  in  conse-  the  sun,  at  the  time  of  the  full  moon,  if 

quence,  is  visible :  at  B  and  H,  a  small  the  earth  is  directly  between  her  and 

part  only,  and  that  equal  in  both  in-  the  sun,  so  as  to  intercept  his  light  en- 

stanoes,  is  visible,  namely,  the  light  parts  tirely,  she  then  also  becomes  invisible, 

within  the  circle ;  and  the  appearances  The  subject  however  is  of  too  much 

presented  are  represented  bv  b  and  ft»  importance  for  us  to  leave  it  with  only 

two  similar  figures,  but  with  the  con-  this  general  sort  of  illustration.    The 

vexity  of  the  light  part  turned  in  each  law  which  determines  the  proportion  of 

case  towards  S,  and  consequently  in  the   surface   of  a   spherical  heavenly 

different  directions  with  respect  to  T.  bodj^,  depending  for  its  light  on  the  re* 

To  explain  fuUy  the  correctness  of  the  flection  of  light  from  the  sun,  which 

representation,  the   figures  b,  e,  &c.,  is  visible  at  diflerent  times,  according 

should  be  considered  as  if  they  were  to  its  different  situations  with  respect  to 

perpendicular  to  the  plane  of  the  paper,  that  body,  may  be  investigated  without 

The  reason  is  obvious.  Taking  the  figure  any  difficulty  by  a  reader  very  slightly 

B,  the  visible  part  is  not  a  sector  of  a  acquainted  with  mathematics ;  and  it  is 

circle  as  it  is  unavoidably  represented  in  of  the  more  importance  to  do  so,  be- 

tlie  figure,  which  is  drawn  on  a  plane  cause  we  shall  not  only   find  that  it 

surface ;  but  a  portion  of  the  surface  of  accounts  for  the  various  phases  of  the 

a  sphere  of  which  every  part,  except  the  moon,  but  that  it  serves  to  explain  the 

external  line  actually  drawn,  is  either  appearances  of  other  heavenly  bodies, 

above  or  below  the  plane  of  the  moon's  on  which  we  have  not  yet  touched.  We 

orbit,  or  the  plane  of  the  paper  which  proceed  therefore  to  investigate  it.    We 

represents  it   The  circle  drawn  through  confine  om*8elves  to  the  case  of  a  sphe- 

A,  B,  &C.,  will  very  nearly  represent  the  rical  heavenly  body,  because  all  those 

line  bounding  the  part  of  the  moon  to  which  we  shall  have  to  apply  our 

visible  from  the  earth ;  and  this  will  be  results,  are  very  nearly  of  that  torm. 

a  circle  described  on  the  sphere  very  If  the  moon,  or  any  other  body  which 

nearly  perpendicular  to  the  plane  of  the  receives  the  sun's  rays,  be  sphencal,  the 

moon*8  orbit,  and.  to  the  line  joining  the  boundary  of  the  part  on  which  they  fall, 

earth  and  moon,  or  the  moon*s  raidius  or  of  the  enlightened  part,  will  necessa- 

vector ;  it  will  therefore  be  seen  as  a  rily  be  circmar,    This  follows  imme- 

cirde  perpendicular  to  that  same  plane,  diately  from  a  very  simple  consideration, 

or  as  the  outer  line  of  the  light  part  of  Let  A  (%.  1 7.)  represent  the  centre  of 

b»    The  dark  line  also,  the  ^undary  of  any  opaque  sphere  whatsoever*  and  B  a 
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luBUDOiiB  objeot  •tdniog  npon  it ;  and  tlw  biui.    If  tht  ntn  w>re  o(  the  nmt 

'M.  Un  line  A  B  be  di^wn  joining:  A  u)d  tUe  u  ihe  aoorii  the  extreme,  or  tao- 

B.  and  paesinf^  through  the  sphere  at  jiential    njt,    would    Im    parallel ;    if 

D;  and  let  fi  C  be  a  tuigent  to  Ihe  smaller,  (he;  noald  eoalinuallj  diverde 

(phere.    It  ia  evident  that  C  will  be  a  from  each  other ;  if  larger,  Ibej  would 

point  in  the  bnundarv  of  the  illuminated  eonvei^e    to   a   point.     These  reiulta 

part  of  the  sphere,  for  no  point  farther  are    obvious   ia   tbenueUes  ;    or  they 

from  B  than  C  is,  can  receive  a  ray  will  immediately  appear  by  the  inspeo- 

of  l)([ht  froni  B,  as  some  part  of  the  tion  of  /$.  18,  whwe,  if  S  represenls 
opaque  sphere  niil  be  between  them  ;  j^>,  ig, 

and  every  point  between  C  and  D  mutt 
receive  aueh  mys,  for  there  is  nothing 
to  interpose  and  prevent  them  bota 
arriving  there. 

Now,  all  tangents  drawn  to  a  iphen 
from  the  same  point  are  equal  to  each 
other ;  at  everv  [mint  therefore  in  the 
boundary  of  the  illuminated  part  the 
value  of  C  B  ii  Ihs  same;  AC,  the 
radiua  of  the  ipherical  body,  is  equal  at 
all  points,  and  A  B  is  always  the  same 
line:  the  value  therefore  of  the  angle 
DAG  is  the  same  in  the  case  of  evei^ 
point  in  this  boundary,  for  all  the  tn- 

an^,  formed  as  ABC  is,  have  all  the  sun,  andJA,  B  G,  three  bodiaa,  Uu 

dieir    sides    equal,   and  consequently  first  equal  to  Ihe  tun  in  me,  the  second 

their  angles  equal  also.    Every  point  larger,  Ihe  tbird  tmailer,  the  exlmutin 

then  in  this  boundary  is  at  the  same  an-  of  the  shaded  figures  beyond  them  will 

Klar  distance  from  the  point  B,orfn)m  evidently  reprweot  the  oourse  of  the  el- 
and therefore  in  the  ciroumference  treme  rajs,  and  the  figure!  ttienudvea 
of  a  circle  whose  pt^  is  D,  and  conse-  the  shadows  cast  by  the  bodies,  which,  in 

rmtly  whose  plane  is  perpendicular  to  the  two  fociner  cases,  would  be  proknnd 
Ime  A  B.  This  citrile  diff'ers  almost  to  an  infinite  diriance ;  in  the  latter,  they 
imperceptibly,  inthe  case  of  the  sun  and  would  terminate  aa  in  the  figure.  Tba 
any  body  on  which  he  shines,  from  a  third  case  represenls  that  «f  the  moon, 
great  circle  of  the  sphere ;  for.  as  the  which  is  smsikr  than  the  sun  :  the  boon- 
angle  AC  B  is  aright  angle,  being  that  dary  of  tbe  illuminated  part  thararore 
made  by  a  tangent  with  the  radius  which  will  be  determined  by  rays,  not  diveri[inR 
it  meets,  tbe  angles  G  A  B  and  G  B  A  tmtD  the  lUnninating  body  S,  but  oon- 
together  are  equal  to  a  right  angle ;  and  vetging  to  a  point  on  the  other  side  of 
as  tbe  tun's  distance  is  esceedlngly  great  the  moon.  But  stiU.  as  they  all  meet  ia 
in  proportion  to  the  radius  of  any  a  point,  the  boundary  of  the  Uluminated 
heavenly  body  on  which  he  shines,  the  part  will  be  a  circle,  in  the  lame  manner 
angle  G  B  A  is  very  small  indeed,  or  as  before ;  and  as  tbe  difference  of  tbe 
the  angle  GAB  very  nearly  equal  to  a  diameters  of  the  sun  and  moon  is  sraaH 
right  at^le  *.  in  oompariscin  with  their  dbtance,  ihe 

In  drawing  this  conclusion,  however,  rays  will  converge  very  sjowly,  and  the 
we  have  treated  the  light  as  proceeding  ettrcmity  of  the  shadow,  the  point  to 
IrMa  a  single  luminous  point,  B;  and  which  tbe  extreme  rays  canvei^,  will 
the  result  will  requhe  10  be  a  little  modi-  be  vaiy  distant  from  the  nwcn  ;  and 
£ed,  aa  light  does  actuallf  proceed  from  the  boundary  thcreftm.  in  this  om 
every  part  of  a  vary  large  body,  namely  also,  wiH  dinier  very  little  from  a  great 
circle.      The  whole    part    itluminated 

•  uiUw<»(cfUiin««.tiKK>_«ii.a(iiit  therefore  rather  ezecedt  haU theiplMne, 

dllUnc*  A  B  ta  Tirj  nr*ilT  tqvil  lo  Um  (UiUnM — 

of  th(  eutb  (yom  Ul(  lan  (for  (he  gmlrtt  dli.  uigic   ABC,  ivMch  la   rtrw   imrtr   tt^   U 

fnoilbForUi.  BDdlbc  >iit  dl>Uu.:r  fillohort  ».°.2»78.  ^-^,  i.  conMqnratlyonl, 

IhtaUierbindlioolriboat^tlu   of  the  «rttit  ,"'"'""•  ""I'  """.^Sl-j  ■""  J!S?'' ,'' <^  " 

..      ,     _,       „  .     ,       .    ".  _  Ibetefote  miii   be   conildend   k)  dilftr  Imber- 

ridlui  Cp.  61).    C  A  IhiTtfoie  ii  to  A  B,  or,  which  crpllblr  ftoni  •  rliht  usle,  or  Ihe  arc  D  C  from 

liTerir  MMlyUie  Hme,  CB,  In  the  proportlou  90*.la  nhltb  dim  the  lloqoiUri  of  theenl^bleDed 

OuJr  0/  (J-  tt,  »*«,  01  of  !  t.  »»  W  tni  tU  S^  SC^-i'  '"■'**'  "''"'  ^  '  '™' 
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iMit  80 1itti«»  that  vfe  may  say  generally 
that  Imlf  of  any  spherical  heavenly  body 
is  illuminated  by  the  sun,  and  that  the 
boundary  of  the  illuminated  part  is  a 
great  circle  of  the  sphere,  whose  plane 
is  perpendicular  to  the  line  joining  the 
centre  of  the  body  with  the  centre  of 
the  sun. 

Again,  if  we  suppose  B,  in^.  17,  in- 
stead of  being  the  position  of  an  illumi- 
nated body,  to  be  the  position  of  an  ob- 
server looking  at  the  spherical  body  A, 
he  will  evidently  see  all  between  D  and 
C,  and  nothing  beyond  C.  C  therefore, 
in  this  ease,  will  represent  a  point  in  the 
boundary  of  the  part  of  the  spnere  visible 
to  the  observer ;  and  by  the  same  rea- 
soning as  before,  this  boundary  must  be 
eircular,  and  its  plane  perpendicular  to 
A  B :  and  further,  it  also  may,  if  tlfe 
distance  AB  is  sufficient,  be  considered 
as  a  great  eircle  of  the  sphere.  In  the 
case  of  the  moon  and  earth,  this  distance 


is  too  considerable  to  be  entirely  »6g« 
lected*.  Still,  even  in  this  case,  the  sup- 
pNOsition  that  the  l>oundary  is  a  great 
circle  is  so  nearly  correct,  that  we  may 
use  it  to  explain  the  manner  in  which 
the  magnitude  of  the  visible  part  of  the 
object  varies;  and  in  the  others  to 
which  we  shall  hereafter  apply  it,  it  dif- 
fers quite  imperceptibly  from  the  truth. 
Now  in  J^.  1 9,  let  £  represent  the 
situation  of  the  earth,  S  that  of  the 
sun,  M  the  centre  of  any  spherical  body 
reflecting  the  sun's  light  to  the  earth; 
the  body  itself  being  represented  by  the 
circle  ABa6,  which,  nowever,  is  ex- 
cessively magnified  to  admit  of  drawing 
the  necessary  lines  within  it  Draw  tha 
lines  MS,  £ S,  and  £  M,  and  produce 
£  M  to  N.  The  angle  M  £  S,  subtended 
at  £  by  the  places  of  M  and  the  sun« 
or  their  apparent  angular  distance  from 
each  other,  is  called  the  elongation  of 
M,  and  the  angle  N  M  S  is  called  the 


exterior  angle  of  elongation.  Draw 
A  M  a  perpendicular  to  M  S ;  then,  by 
what  we  have  already  shown,  A  and  a 
will  each  be  points  in  the  extreme 
boundary  of  the  emightened  part  of  the 
body,  or  A 6a  will  represent  the  en- 
lightened part«  In  the  same  manner, 
if  B  M  6  be  drawn  perpendicular  to  £  M, 
B  and  6  will  be  paints  in  the  extreme 
boundary  of  the  part  of  the  body  which 
is  turned  toward  £,  or  B  a6  will  re- 
present that  part :  and  ab  consequently 
will  re{Nresent  the  part  actually  visible 
at  £  by  reflected  light  Draw  Eac 
through  a  to  meet  the  line  B  b,  and  the 
pMita  a  and  c  would  appear  to  the  ob- 
•erver  at  £,  in  the  same  direction.  If 
ha  oould  scathe  whole  part  B  a  6»  which 

k  twMd  towarda  hi^*  ha  would  sea  U 


occupying  the  same  angle  as  the  line 
Bb;ne  sees  ab  occupying  the  same 
angle  as  the  line  be:  or  the  extreme 

•  [In  this  CMC  AB  s  SO  times  earth's  radios 
nearly,  and  AC  -■   moonli  radlns  '^-r-,  earth's 

AG 
radius  nearly.     Consequently  sin.  A  B  C  ••  -r^ 

8  1 

^  n  X  60  ~  220*  ■  ^■•"^'♦y  *^  •"■^  ***■*  **»•  «nste 
and  the  sine  may  be  considered  to  correspond,  and 

consequently    the   angle   A  B  C  ■» 


23U 


.2604S5,  or  very  little  more  than  a  quarter,  of  a 
degree,  and  the  angle  CAB  falls  short  of  a  right 
angle  only  by  that  quantity.  The  same  result  may 
be  obtained  yet  more  simply  thus « the  angle  CAB 
falls  ihort  of  a  right  angle  by  the  angle  A  B  C  s 
hot  A  B  C  is  the  angle  subtended  at  the  earth  by 
the  radios  of  the  moon,  or  It  Is  half  the  spparent 
diameier  of  the  moon,  which  we  have  seen,  p.  68L 
to  Tary  from  Sf  23^'  to  8S'  Si'^ :  the  mean  value  of 
the  half  wiQ  tii«refore  b«  somttUxiff  more  ttna 
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apparent  breadth  of  the  yisible  part  of 
the  moon  is  to  the  apparent  diameter  of 
the  moon  in  the  proportion  of  bcio  the 
real  diameter  of  the  moon :  or  the  appa- 
rent breadth  varies  as  6  c.    But  a  c  is 
very  nearly  perpendicular  toBb:  for  it 
is  only  in  cases  where  the  greatest  pos- 
sible an^le  subtended  by  any  radius  of  the 
object  (as  Mb)  at  £  is  very  small,  that 
vie  can  take  a  great  circle  of  the  sphere 
as  representing  the  boundary  of  the  part 
turned  towards  £ ;  and  we  have  already 
stated  that  we  may  do  so,  even  in  the 
case  of  the  moon,  without  any  material 
inaccuracy  ♦.    The  angle  M  c  £,  there- 
fore, is  very  nearly  a  right  angle:  or 
b  c  is  very  nearly  the  versed  sine  of 
the  arc  a  b,  or  tne  angle  a  M  b:  for 
by  the  definition  of  a  versed  sine,  it 
would  be  that  quantity,  if  the  line  a  c 
were  accurately  perpendicular  to  6  b» 
The  visible    breadth  therefore   of  the 
illumined  part  of  the  body  M  varies 
very  nearly  as  the  versed  sine  of  the 
angle  aMb.     But  a  M  S,  &  M N,  are 
right  angles,  and  therefore  equal :  and 
taking  the  common  angle  6  M  S  from 
both  (or  adding  it  to  both  in  cases  where 
the  angle  N  M  S  is  greater  than  a  right 
angle)  aM6  =  SMNthe  exterior  angle 
of    elongation.      The    visible    breadth 
therefore   of  the  illumined  part  of  the 
body  varies  ver^  nearly  as  the  versed 
sine  of  the  exterior  angle  of  elongation. 
[This  is  the  extreme  visible  breadth. 
The  whole  visible  part  varies  in  the  same 
manner ;  for  the  boundaiy  of  the  illu- 
minated part  of  the  sphere  is  itself  a 
circle,  and  the  lines  therefore  which  join 
£  with  every  point  of  this  boundary  will 
form  an  oblique  cone  of  which  £  is  the 
vertex,  and  this  boundary  the  base.  The 
plane  B  6  is  perpendicular  to  the  axis  of 
this  cone,  and  of  course  cuts  it    all 
round:  the  section  therefore  which  it 
makes  must  (Geom,  App.  Prop.  24)  be 
an  ellipse ;  and  the  halt  of  this  section 
will  be  one  of  the  boundaries  of  the  vi- 
sible part  of  the  moon.     The   other 
boundary  is  that  of  the  part   turned 
towards  the  earth,  which  is  a  circle,  and 
it  is  on  this  same  plane :  the  visible  part 
therefore  will  appear  as  a  figure  con- 
tained between  a  circle  and  an  ellipse. 
The  minor  axis  of  this  ellipse  =  M  c, 
the  major  axis  =  M  6.    The  area  of  the 
ellipse  therefore,  =  3.14159.  M  c.  M  6: 
and  the  area  of  the  circle  =  3.14159. 

*  At  the  extremity  of  the  diameter  B  A,  the  dif- 
ference between  the  an^e  made  by  the  diameter 
Itself  with  the  line  drawn  from  E  to  it,  and  a  right 
angle,  ia  only  about  a  quarter  of  a  degree,  aa  shown 
In  the  last  note  t  for  erery  polat  ncartr  to  M.  the 
4tffer«iice  ii  of  covin  Icm, 


M  6':  the  area  of  the  part  between 
them  therefore,  =  3.14159.  M  b  (M6 
±  Mc)  =  3.14159.  M6.  be,  and 
therefore  varies  as  6  c,  and  of  course, 
the  difference  or  sum  of  the  semicircle 
and  the  semiellipse  varies  in  the  same 
proportion.] 

It  is  evident  also  that  the  whole  of  the 
exterior  semicircle  is,  in  every  case, 
visible;  for  the  boundary  of  the  part 
turned  towards  the  earth,  and  the  boun- 
dary of  the  enlightened  part  of  the 
moon,  are  each  of  them  great  circles, 
and  therefore  bisect  each  other ;  or  the 
visible  boundary  is  a  complete  semi- 
circle, at  whatever  angle  they  meet. 
Whenever  therefore  the  moon  is  visible, 
her  extreme  points,  or  cusps,  are  at  the 
extremities  of  a  diameter;  and  we  may 
therefore,  during  all  her  phases,  how- 
ever smaill  be  the  part  of  her  surface 
which  is  actually  visible  to  us,  make 
those  observations  of  her  apparent  dia* 
meter  to  which  we  have  alrea!dy  referred 
for  ascertaining  her  distance  and  the 
form  of  her  orbit. 

The  deduction  of  the  above  proposi- 
tions is  not  necessaiy  for  the  purpose  of 
satisfying  us  that  the  moon  shines  by 
light  reflected  from  the  sun,  for  her  dis- 
appearance when  between  us  and  the 
sun,  and  whenever  his  light  is  inter- 
cepted from  her,  and  the  manner  in 
which  the  light  part  of  the  moon  is  al- 
ways turned  towards  the  sun,  are  suffi- 
cient for  that  purpose.  But  these  pro- 
positions are  necessary  to  estimate  at  all 
accurately  the  part  of  the  moon  visible 
at  diflerent  periods  of  the  month.  Thus, 
when  the  moon  is  between  the  earth  and 
the  sun,  or  as  it  is  called  in  conjunction 
with  the  sun,  the  exterior  angle  of  elon- 
gation is  equal  to  nothing ;  lor  the  line 
joining  the  earth  and  moon  when  pro- 
duced is  in  the  same  direction  with  that 
joining  the  moon  and  the  sun,  and  coin- 
cides with  it :  in  this  case  therefore  the 
versed  sine  of  that  angle  is  equal  to 
nothing.  When  the  earth  is  between 
the  sun  and  moon,  or  the  moon  in  op^ 
position  to  the  sun,  the  line  joining  the 
earth  and  moon  when  produced  is  ex- 
actly in  the  opposite  direction -from  that 
joining  the  moon  and  sun,  or  it  coincides 
with  it,  but  is  measured  in  the  other  di- 
rection, or  it  makes  an  angle  of  180^ 
with  it ;  and  the  versed  sine  of  this  angle, 
or  of  the  exterior  angle  of  elongation,  ia 
the  whole  diameter.  The  whole  face  of 
the  moon  therefore  is  then  visible. 
When  the  exterior  angle  of  elongation 
is  90^  or  when,  as  it  is  termed,  the  moon 
18  in  quadnUuru^  the  versed  ain^  oS 
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thftt  angle  is  equal  to  the  radius,  or  half  the  heavens ;  and  it  is  therefore  a  f;ood 
the  face  of  the  moon  is  visible*.  The  while  before  she  really  becomes  visible, 
dongation  of  the  moon,  together  with  for  she  cannot  be  seen  till  the  It^ht  which 
the  angle  MSB,  always  are  equal  to  this  she  reflect  s  is  sufficient  to  be  distmguished 
exterior  angle ;  and  consequently,  in  this  from  that  which  the  sun  spreads  gene- 
case,  the  elongations  90®  -  MS  E,  or  rally  over  the  region  of  the  atmosphere 
very  nearly  =  90° ;  for,  as  M  E  is  about  through  which  the  rays  which  proceed 
sixty  times  the  earth's  radius,  (p.  60)  from  her  must  pass.  The  length  of 
find  E  S  nearly  24,000  times  the  same  time  therefore  during  which  she  is  not 
quantity,  the  angle  M  S  E  must  necessa-  actually  seen,  furnishes  no  exception  to 
nly  be  very  small t.  It  is  obvious  that  the  correctness  of  our  results, 
the  observations  which  we  have  already  There  is  a  remarkable  appearance 
detailed  correspond  with  these  results ;  presented  by  the  moon  when  the  visible 
|ind  the  uniform  manner  in  which  they  part,  accordmgtothe  principles  we  have 
do  so>  shows  that  the  figure  of  the  established,  would  be  smidl,  which  this 
moon  may,  without  material  inaccuracy,  is  the  proper  season  for  explaining.  At 
be  considered  as  spherical.  these  periods  the  whole  of  the  moon*s 

It  is  perhaps  necessary  to  observe,  disk  is  frequently  seen,  part  bright,  and 

that  when  we  speak  of  the  moon  as  re-  having  its  magnitude  the  same  with  that 

fleeting  light  from  the  sun,  we  do  not  which  we  have  explained  as  the  whole 

mean  that  she  reflects  it  so  as  to  present  visible  magnitude  of  the  moon ;  the  rest 

an  image  of  the  sun  on  one  point  of  her  visible  by  a  pale  and  delicate  light,  and 

surface,  like  a  mirror ;  but  that  the  light  appearing,  from  the  ordinary  effect  of 

gets  broken  and  diffused  from  part  to  brightness  in  augmenting  the  apparent 

part  of  her  surface,  and  finally  sent  for-  magnitude  of  objects,  somewhat  smaller 

wajrd  to  us  ill  such  a  manner  as  to  render  in  its -dimensions  than  the  brighter  part, 

the  whole  surface  of  the  enlightened  The  appearance,  from  this  circumstance, 

part  visible;  just  as  light  is  diffused  and  also  as  being  oftenest  observed  in  the 

over  bodies  on  the  earth,  which,  if  per-  evening,  soon  after  the  moon's  first  ap- 

fectly  smooth,  would  only  form  an  image  pearance,  or  after  the  new  tnoon^  when 

of  the  sun,  but  do  actually  show,  by  re-  more  persons  have  the  opportunity  of 

fleeted  and  broken  light,  the  whole  of  seeing  it  than    in   the  early  morning 

their  own  surface,  its  form  and  colour.  preceding    the    disappearance   of  the 

*    It  is  evident,  firom  the  law  of  varia-  moon  at  the  latter  end  of  the  month, 

tion  which  we  have  deduced,  that  almost  has  received,  in  common  speech,  the 

immediately  after  the  moon   and  sun  odd  name  of  '  the  old  moon    in  the 

cease  to  be  in  the  same  line,  there  is  some  new  moon*s  arms.'    The  FVench,  with 

portion  of  the  illuminated  part  of  the  more    accuracy  of   expression,    have 

moon  turned  towards  the  earth.    It  is  named  it,  from  the  pale  colour  of  the 

however  very  small  at  first :  the  versed  greater  part  of  the  moon,  lumitre  cen- 

sine  increases    very  slowly  while   the  dree,  or  ashy  light    The  cause  of  this 

angle  continues  small,  and  it  is  there-  light  is  obvious :  the  earth,  as  well  as 

fore  some  time  before  its  magnitude  be-  the  moon,  reflects  light,    and  conse- 

jcomes  considerable.    During  this  period  quently,    the    enlightened  .part  of  the 

also  the  moon  is  apparently  near  the  sun,  earth,  or  so  much  of  it  as  is  turned 

iand  consequently  in  a  very  light  part  of  towards  the  moon,  will  reflect  light  to 

that  body.     Some    of  that  light  wiU 

. ..  ^     ,                 ^        ..    ,,        .  again  be  reflected  back  to  the  earth, 

•  If  therefore  we  can  obeerre  the  time  when  °  j    .i^                   ...          .      -  .,      ^^* 

•xactly  half  the  moon  iBTirible,  or  the  inner  line  of  ^^Jf?  J""S    even  that  part  of  the  moOU 

light  quite  atralght,  we  iihaU  know  thot  the  exterior  which    receives    nO  light    directly  from 

Lt:.l*J^Xr.^'h\rai.?r:i'S.\:.'^7»%'  J^e  »un   may  by  indirectly  receiving  it 

knowtbeTolueof  USE,  the  Other  angle  of  the  trU  irom  the    earth,  DCCOme,  as  WC   see  it, 

angle.   Hence  the  proportion  of  the  •ide«  may  be  faintly  visible.     The  appearance,  beinir 

a«certa!ned,  or  of  the  iun**  and  moon*»  distancea     ♦i,„„  v.««^«;^««j   u«„   ««i«:„«j  4U^  « ^^ 

from  the  earth.    We  cannot  make  the  necesaary  ^hus  OCCaSlOUed.  has   received  the  name 

obeerration  of  the  exact  Ume  of  half  moon  with  of  eorthshine.   The  light  thus  indirectly 

accuracy  enough  to  make  the  result  of  any  ralue,  onnDlied  must  necessarilv  be  far  infprinr 

M  we  have  now  betUr  means  of  ascertaining  it)  suppjiea  musi  necessarily  DC  lar  lUieriOr 

but  this  method  Is  worth  notice,  as  being  the  first  m  quantity  and  r)n{:ntness  to  that  which 

ever  employed  for  the  purpose,  baring  been  adopted  the  directlv  enlightened  part  of  the  moon 

by  Aristarchus,  about  280  B.C.                               .  -,a««:,,«-.  :i^w,«,iV«»#«i..  r..^^  4U^                   j 

t It  fouoxvs  benre  that,  a»NMS-MES+  receives imme<liately  from  the  sun  ;  and 

>f  3  E  always.  In  the  case  of  the  moon;  NMSr,  thus  the  great  inequality  of  brightness 

^.fV^ri^-^ht  l^^SS^^^t^,  j»  "'e  two  visible  portioa,  i,  accounted 

9r  9f  ihf  e)ongaUoD  Itself,  in  thu  case,  lor.    The  Only  apparent  dnficulty  arises 
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from  !he  eireumstanee  that  the  appear*  exterior  angle  ct  ciong^atfon ;   and  as 

ftTiee  m  ouestion  is  only  seen  when  the  their  versed  smes  hicrease  and  diminish 

directly  uluminated  part  is  small.    In  when  the  angles  do  so,  and  the  Tisible 

reality  however  this  seeming  difficulty  parts  are  in  the  proportion  of  the  versed 

confirms  the  explanation  given,  for  there  sines,  the  part  of  .the  earth  visible  from 

are  two  obvious  reasons  for  it.    As  the  the  moon  diminishes  as  the  visible  part 

directly  illuminated  part  increases,  its  of  the  moon  increases,  and  of  courae 

light  becomes  greater,  and  the  light  dif-  the  quantity  of  light  which  the  earth 

fused  over  that  part  of  the  atmosphere  reflects  to  the  moon  diminishes  alsa 

through  which  tne  moon  shines,  greater  The  power  therefore  of  distinguishing 

also:  a  strong^er  light  therefore  is  re-  the  moon  by  this  light  reflected  firom^tm 

quired  to  be  distinguishable.    But  this  earth,  is  diminished  as  the  part  visible 

is  not  all ;  the  light  actually  supplied  to  by  light  directly  reflected  from  the  sun 

the  moon  from  the  earth  dimmishes.  is  increased ;   both  l)ecanse  less  light  ii 

The  earth  being  a  spherical  body,  and  thus  transmitted  to  the  moon,  and  be- 

r^ecting  light,  appearances  or  phases  cause  more  is  required  before  it  can  be 

will  be  presented  ny  the  earth  to  the  distinguished. 

moon  similar  to  those  which  we,  on  the  We  have  thus  explained  the  manner 
earth,  observe  in  the  moon ;  and  all  in  which  the  proportipn  of  the  moon 
our  results  will  be  true  for  this  case,  as  which  is  visible  at  different  periods  of 
wen  as  for  that  already  examined.  The  the  month  varies.  This  proportion  how« 
order  indeed  will  be  different.  Thus,  ever  is  not  the  only  thing  which  we  can 
when  thQ  moon  is  invisible  to  us,  being  observe  with  respect  to  her.  Many  sin^* 
between  the  earth  and  sun,  the  earth  gular  marks  and  spots  are  apparent 
will  turn  the  same  part  to  the  sun  and  upon  her,  from  which  various  and  im« 
moon,  and  will  be  visible  to  the  tooon  portant  conclusions  may  be  drawn :  but 
with  a  full  face :  when  we  see  the  fiill  before  we  proceed  to  state  these  obser* 
moon,  the  earth  is  between  the  moon  vations,  and  draw  from  them  the  infer* 
and  sun,  and  therefore  invisible  to  the  enoes  to  which  they  lead,  it  will  be  worth 
moon.  Without  entering  into  any  while  to  pause,  and  deduce  from  the 
ftirther  detail  of  these  appearances,  as  results  already  obtained  some  remark- 
visible  at  the  moon,  it  is  evident  that  able  consequences,  which  material^ 
the  general  principles  on  which  they  tend  to  the  convenience  of  mankind, 
were  deduced  apply  equally  to  this  case.  The  most  obvious  practical  service  of 
and  consequently  that  the  part  of  the  the  moon,  as  far  as  mankind  are  con- 
earth  visible  at  tne  moon  varies  nearly  cemed,  is  the  supply  of  light  which  she 
as  the  versed  sine  of  the  earth*s  exte-  affords  during  the  otherwise  durk 
rior  an^le  of  elongation  there.  The  hours  while  the  sun  is  below  the  horizon, 
result  will  be  less  accurate  than  in  the  But  she  herself  is  sometimes  above, 
case  of  the  moon,  on  account  of  the  sometimes  below  the  horizon :  and  as 
earth*s  greater  magnitude  *  :  but  still  it  her  declination  is  continually  varying, 
will  be  very  nearlv  so.  In  Jfg,  1 9,  if  her  periods  of  continuance  above  m 
M  E  be  prolongea  to  F,  £  M  S  is  the  horizon  continually  vary  also.  Her 
earth's  elongation,  as  estimated  at  the  light  also  is  different  at  different  pe^- 
moon,  and  FE  S  is  the  earth's  exterior  nods  of  her  course:  sometimes  none; 
angle  of  elongation.  But  N  M  S  =  sometimes  little,  and  therefore  of  little 
M  E  S + M  S  E,  and  consequently  N  M  S  practical  utility  ;  generally  however 
and  FE  S  together,  are  equal  to  M  £S  enough  to  be  of  material  service  to 
+FE8+MSE,  orto  tworight  an^es,  the  sailor,  the  traveller,  and  even  to 
-4^M  SE,  or  very  nearly  to  two  right  the  husbandman ;  and  this  most  when 
angles,  as  M  S  JS  is  necessarily  very  her  light  is  the  brightest,  or  at  the  fuU 
small.  The  greater  therefore  N  M  9,  moon.  It  therefore  matters  little  to 
or  the  moon*s  exterior  angle  of  elon^-  man  whether  she  is  above  or  below  the 
tion,  the  less  is  FES,  or  the  earth*s  horizon  at  night,  as  long  as  her  own 
light  is  little  or  nothing;  but  it  is  of 

*  The  reftl  diameter  of  the  etrth  being  about  y  mUCh   importance  that  shc    ahould    be 

ttmeii  that  of  the  moon,  and  their  diatanee  rerf  alxnre  the  horizon    at  niffht   when    hcT 

^."•r*7«r.'','i''.h'^rSrnS.^'  iminSr..'^  MgW.is  considerable. .  N  ow  this,  by  th« 

greater  than  that  of  the  moon  at  the  earth,  or  it  Conditions  of  her  motion,  shc  nccessanly 

will  be  aboatliy,  nearly  2".    The  whole  apparent  is.        The    quantity  of   light  Which  ihc 

magnitodewlU  be  greater  thaa  thai  of  the  nooD  to  «.^,^*.    ;•    w«*a«^  wk^  l%ik«.  ^;«4-*.iaa 

«■  Id  uie  proportion  of  the  aquarc  of  u  to  1,  or  «r  wftects  IS  greatest  whCQ  her  distaoce 

131  to  9,  or  more  than  18  to  u  from  the  wxi  18  greatcsty  Of  When  tht 
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dUtartnw  of  ttieir  right  asoentkms  deeliii«lkm,  or  the  dayi  ftre  thoHest. 
is  180O,  or  the  time  between  their  In  this  case  the  moon  would  be  at  the 
appearances'  en  the  meridian  is  twelire  fhll  when  in  the  tropic  of  Cancer,  or  at 
hours.  When  the  moon*s  light  is  her  greatest  North  declination;  and 
greatest  therefore,  she  is  on  the  meri*  throughout  all  that  half  of  hor  orbit  most 
dian  at  midnight ;  and  as  her  light  is  remote  fh)m  the  sun,  and  when  more 
always  greater  as  her  distance  from  than  half  her  face  is  Yisible,  her  dedi- 
the  sun,  and  consequently  as  the  in-  nation  would  be  North;  and  conse* 
teryal  of  time  between  their  appear*  quently  during  this  whole  period  she 
ance  on  the  meridian,  is  greater,  the  would  be  more  than  half  her  time  abore 
periods  of  her  greater  light  will  always  tlie  horizon,  and  longest  of  all  when  her 
iMing  her  on  the  meridian  nearer  mid-  light  is  the  greatest.  In  intermediate 
night,  than  those  of  her  less  brilliancy ;  positions  of  the  sun,  the  results  would 
aiM  therefore,  taking  the  whole  course  be  intermediate ;  but  it  is  not  necessary 
of  one  of  her  revolutions,  she  will  be  to  enter  into  any  detail  of  them.  The 
above  the  horizon  during  a  Isrger  pro-  reader  will  havenodifBcuHy  in  pursuing, 
portion  of  the  night,  as  her  light,  and  if  he  is  inclined,  a  similar  course  of 
consequently  her  power  of  being  useful,  argument  with  respect  1o  them. 
are  greater.  The  nights  however  are  of  Again,  the  greater  the  elevation  of  the 
different  length  at  different  periods  of  Pole  above  the  horizon,  the  greater  is 
the  year  ;  aiM  consequently,  if  the  moon,  the  ineauality  of  day  and  night,  and  the 
when  at  her  greatest  brightness,  were  longer  does  a  body  with  North  dedina- 
al ways  at  the  same  declination,  and  thus  tion  continue  above,  or  a  body  with 
had  the  same  proportion  of  her  diumal  South  declination  continue  below  the 
course  above  the  horizon  in  all  these  horizon.  The  more  elevated  the  Pole 
cases,  she  would  supply  light  through  a  Uierefore,  the  longer  is  the  moon  above 
much  smaller  proportion  of  the  long  and  the  horizon  when  her  declination  is 
dark  nights  of  winter,  than  of  the  short  North;  and  as,  during  the  winter,  her 
and  comparatively  light  nights  of  sum-  declination  is  North,  while  her  light  is 
mer.  But  this  is  not  the  case.  For  the  greatest,  the  proportion  of  time  during 
purpose  of  illustration,^  we  will  suppose  which  she  continues  above  the  horizon 
the  moon  to  move  in  the  {dane  of  the  while  her  light  is  greatest,  increases  at 
ecliptic,  and,  as  usual,  that  the  North  that  season  as  the  latitude  increases,  or  as 
Pole  is  al)ove  the  horizon.  The  full  the  nights  themselves  are  longer.  Taking 
moon  takes  place  when  the  difference  the  extreme  case,  where  the  Pole  is  in  the 
of  longitude  of  the  sun  and  moon  is  zenith  the  moon  will  never  set  while  her 
180^.  Taking  then  the  extreme  cases  declination  is  North;  and  at  the  winter 
of  the  two  solstices,  it  is  evident  that  solstice  it  will  be  so  during  the  whole 
when  the  sun  is  at  the  summer  solstice,  time  that  more  than  half  her  ftce  is 
or  in  the  tropic  of  Cancer,  the  full  moon,  visible.  There  will  therefore  be  a  fort^ 
being  180^  distant,  would  be  in  the  tropic  night  of  the  brightest  moonlight  at  that 
of  Capricorn ;  the  sun  therefore  being  at  season  when  the  night,  from  the  com- 
bis  greatest  North  declination,  the  moon  plete  absence  of  twilight,  would  other- 
would  be  at  her  matest  South  dedina-  wise  he  darkest.  There  will  sJways  be 
tion :  and  throughout  all  that  half  of  her  a  forhiight  at  a  time,  there,  during  which 
orbit  which  is  most  distant  from  the  the  moon  will  be  above  the  horizon ;  but 
sun,  and  where  consequently  her  light  is  as  the  sun  approaches  the  equinox,  the 
greatest  and  more  than  half  her  face  light  given  by  the  moon  during  part  of 
visible,  her  declination  would  be  South,  this  fortnight  will  diminish.  At  this 
In  this  ease  then,  when  the  sun  having  '  time  however  it  may  better  be  spared, 
his  greatest  North  dedination  the  dav  is  for  by  this  time,  thouiBfh  the  sun  does 
longest,  the  moon  would  have  her  not  appear  on  the  horizon,  there  will  be 
ipreatest  South  dedination,  and  be  least  a  considerable  twilight, 
time  above  the  horizon,  when  at  the  full :  It  is  abundantly  plain,  that  the  sanye 
and  during  the  whole  time  that  more  consequences  will  follow  from  South  de- 
than  half  ner  face  is  visible,  her  decli-  clination  where  the  South  Pole  is  above 
nation  would  be  South,  and  less  than  the  horizon,  as  we  have  seen  to  follow 
half  of  her  diurnal  course  would  be  from  North  declination  where  the  North 
above  the  horizon.  Exactly  the  con-  Pole  is  so :  and  thus  that  this  beneficent 
trary  results  would  evklently  follow  provision,  by  which  the  greatest  quan« 
when  the  sun  is  ih  the  tropic  of  Capri-  tity  of  moonlight  is  afforded  to  those 
•orn,  when  he  has  hit  graatest  South  regions  and  at  those  seasons  in  whidi 
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it  is  most  wanted,  itf  general  over  the  from  the  manner  in  ^hich  those  opera- 

4nrhole  earth.  tions  are  conducted. 

The  moon  however  moves  not  in  the       Another   application    of   the  same 

^lane  of  the  ecliptic,  but  in  one  inclined  principles  of  reasoning,  and,  although  in 

to  it  at  an  angle  of  a  little  more  than  5^;  an  inferior  degree,  a  similar  instance  of 

but  this  difference  will  not  materiallv  a  beneficial  result  arising  incidentally 

«,ffect  the  results  we  have  obtained.    It  from  the  operation  of  the  general  laws 

will  indeed  at  different  times,  according  established  in  nature,  will  be  found  in 

to  the  place  of  the  nodes  of  the  moon*s  the   explanation   of  the   phenomenon 

orbit,  very  materially  affect  the  actual  known  by  the  name  of  the  harveii  moon* 

length  of  time  during  which  she  is  above  Whether  we  consider  the  moon  as  mov« 

the  horizon ;    but   she   never    can  be  ing  in  the  plane  of  the  ecliptic,  or  in 

distant  much  more  than  5°  from  the  that  of  its  real  orbit,  the  variation  of  its 

ecliptic,  and  so  much  only  during  a  declination  will  be  most  rapid  where  ita 

very  small  portion  of  her  course.     The  orbit  cuts  the  ecjuator ;  and  as  no  part 

echptic  itself  is,  at  its  greatest  distance,  of  the  real  orbit  is  much  more  than  5^ 

jnore  than  23^  from  the  equator.     The  distant  from  the  ecliptic,  its  intersection 

distance  of  the  moon  from  the  eclip-  with  the  equator  cannot  be  far  distant 

tic  therefore,  being  so  much  smaller,  from  the  intersection  of  the  ecliptic  with 

cannot,  except  for  a  very  small  space  the  equator.  The  moon  therefore  moves 

comparatively,  vary  the  nature  of  our  most  rapidly  Northward  when  near  the 

results,  though  it  will  their  amount ;'  or  equator,  and  also  near  the  first  point  of 

make  that  declination  North  which  would  Aries;  most  rapidly  Southward  when 

otherwise  be  South,  or  the  contrar3r.    It  near  the  equator  and  the  first  point  of 

cannot  even  materially  alter  the  point  at  Libra. 

which  the  declination  would  be  greatest.  When  the  sun  is  near  one  equinoctial 
though  it  may  make  that  greatest  decli-  point,  the  moon,  when  full,  is  near  the 
nation  differ,  in  different  cases,  by  up*  other,  and  necessarily  near  the  ecjua^ 
wards  of  1 0^.  Thus,  if  we  suppose  the  tor  also.  The  difference  of  their  right 
nodes  of  the  moon's  orbit  to  coincide  ascension,  estimated  in  time,  is  12  hours, 
with  the  equinoxes,  the  moon,  when  90°  and  this  is  also  the  length  of  the  day  at 
from  the  node,  will  be  about  5°  North  that  period.  The  moon  therefore  will 
or  South  of  the  ecliptic  at  the  tropic  of  rise  in  the  East,  just  as  the  sun  sets  in 
Cancer,  as  the  part  of  her  orbit  between  the  West.  As  the  moon  completes  her 
the  vernal  and  autumnal  equinox  is  that  revolution  round  the  earth  in  a  little  less 
which  lies  above  or  below  the  plane  of  than  28  days,  her  motion,  if  uniform, 
the  sun*s  orbit,  or,  in  other  words,  as  the  would  be  at  the  rate  of  about  13^  a  day ; 
node  which  is  at  the  vernal  equinox  is  or,  omitting  any  consideration  of  the 
the  ascending  or  descending  node.  Her  manner  in  which  the  obliquity  of  her 
declination  at  tiiis  point  therefore  in  the  orbit  would  aiffectthe  results,  she  would 
one  case  will  he  about  28°  30'  N.,  in  the  come  to  the  meridian  of  the  place  about 
other  only  18°  30'  N. ;  but  in  each  case  52  minutes  later  on  each  successive  day. 
it  will  be  the  greatest  North  declination  If  therefore  her  declination  continued 
which  during  that  revolution  she  attains,  the  same,  as  she  would  always  be  an 
When  however  the  node  is  not  at  the  equal  time  above  the  horizon,  she  would 
equinox  and  solstice,  this  will  not  neees-  rise  and  set  about  52  minutes  later  every 
sarily  be  the  case,  but  it  can  never  differ  day :  but  when  she  is  near  the  first 
much  from  it.  We  may  therefore  con-  po>nt  of  Aries,  her  declination,  and  con- 
clude our  results  to  be  generally  true ;  sequently  the  period  during  which  she  is 
and  we  thus  see  that  the  shape  and  mo-  above  the  horizon,  rapidly  increases ; 
tions  of  the  moon,  and  the  manner « in  and  consequently  she  is  longer  above  the 
which  she  reflects  light  to  the  earth,  are  horizon  before  reaching  the  meridian, 
so  ordained  as  to  make  her  most  service-  and  the  time  of  her  rising  is  not  re- 
able  whenever  and  wherever  her  services  tarded  nearly  to  this  average  amount 
are  most  wanted ;  an  incidental  conse-  of  52  minutes.  The  time  by  which  her 
quence  indeed  of  the  general  laws  go-  setting  is  retarded  is  increased  by  as  great 
veming  her  motion,  but  one  of  the  many  a  quantity  as  that  by  which  the  retarda^- 
remarkable  instances  in  which,  through*  tion  of  her  rising  is  diminished.  The 
out  the  appearances  of  Nature,  we  see  degree  of  effect  thus  produced  differs  in 
not  only  that  the  general  scope  and  ten-  difierent  regions  of  the  earth :  here  it  is 
dency  of  her  operations  are  beneficial,  but  such  that  fur  two  or  three  daysthe  moon*s 
that  collateral  benefits  continually  fio^i  rising  ia  nearly  as  much  accelerated  by 
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upon  ber  snrliue,  and  ao^  of  these  be 

her  motion  Northward  aa  it  is  retarded  Siction  III. — On  ihe  vDooiCi  rotation 

by  the  continually  later  period  at  whidi  on  an  axit — Libration  in  latitude— 

she  comes  to  the  meridian :  the  oonse-  LibraHon  in  kmgitudt—Diunial  tt- 

•luenoe  therefore  is  that  she  appears  diir>  bration. 

mg  thi*  time  to  rise  at  very  neark  ttu  ^^  „^         ^  ^  ^  consideration  of 

»inehour.thatistosay. dmostatthem-  ^jj^ observations  which  we  can  make 

stant  of  smitet  Bright  moonhght  ftere-  ^  the  appearances  of  the  moon,  besides 

fore  (when  the  moon  is  fiiU  near  Ahm.  ^^^  „^*;,,  ^^  j^^^  ^^   explained 

or  the  sun  is  nw  Libra)  for  two  or  three  „  ^^  j^e  proportions  of  her  fice,  or*.*, 

days  immediately  succmmIs  ^e  disap-  ^y^y^  ^e  seTat  different  times  in  the 

pearance  of  the  sun;  and  as,  ^  the  ^e-  „o„th.    Every  one  is  aware  that  the 

?*^T^  °L**  *"*"?•  ^  ^~*  moon  does  not  present  (as  the  sun  does. 

IS  about  the  bMinnrng:  of  autumn,  or  ,»  least  to  the  naked  eye)  an  unifo™; 

the  close  of  harvest^me,  when  the  ^^  of  uninterrupted  UgHt.  but  that  she 

opportumty  thus  afforded  of  canyii*  chequei«l  and  diversified  with 

on  ^  works  of  husbandly  after  sunset  ^^toh  spots  snd  lines :   indeed  these 

IS  often  veiy  valuaW^we  speak  m  com-  y^^^  been  so  constantiy  the  subject  of 

mon  language  of  the  lu^yeit  moon,  observation,  that  in  most  countries  fan- 

when  we  speak  of  her  as  nsing  at  Uiat  ^f^  resemblances  have  been  imagined 

season  successively  for  two  or  three  for  them;  and  we  still  hear  of  th?man 

"*A  K  "wi^  "*  **  i""*  **"®*     ^1  in  the  moon,  his  bush,  and  his  dog*.  The 

About  the  vernal  equinox.  oxacUy  »  ^able  cause  of  these  appearan^ss  wUl 

reverse  operation  must  take  place,  the  ^  matter  of  consideration  feereafter ;  but 

moon  when  full  Mthm  near  the  equator,  independently  of  any  such  speculations, 

but  moymg  Soirthwarf.  and  herdia^  ^hey  ^t  once  furnish  us  with  the  means 

of  dedmation  from  day  to  day  is  the  j^  Ascertaining  a  curious  and  important 

§?«*test.    Her  appearance  on  toe  mm-  ^^  y,-^^  ^^  t^,  jhe  motions  of  the 

dian  still  continues  to  be  later  from  day  moon 

to  day ;  but  u  her  i«iods  of  being  above  ^ ^s  we  have  the  means  of  making  these 

the  homon  dimmish,  her  nsing  and  set-  observations  upon  the  surtace  of  the 

fang  will  each  be  brought  nearer  to  the  „^„^  ^^  ^  ^^^  by  them  what  part  of 

time  of  her  bemg  on  the  m«w«an,  and  ^er  surbce  is  bimed  towards  us.  If  tiiese 

^I^"^  A^^*^  t'^^^^  "^  appeamnces  are  from  time  to  time  di«^ 

tarded,  but  the  time  of  her  setting  is  f^^  ^  ^^^j^  be  natural  to  conclude 

accelerated.  Instead  therefore  of  setting  that  ditferent  parts  ofthe  moon  are  at  dif- 

eyery  day  wmsiderably  later,  h«r  settmgs  f^„t    ^ods  presented  to  us :  if  they  are 

at  this  penod  are  nwrly  at  the  same  always,  the  same.  Uie  same  part  of  the 

time  for  two  or  three  days  near  the  fuU  ^^^i  is  always  turned  towardS  us.  unless 

moon ;  and  for  the  same  reason  as  be-  i^ggj  ^  ber  parts  are  marked  so  exactly 

fore,  her  settM  must,  at  the  full  moon,  ,14^^  jbat  the  one  would  be  indistinguish- 

be  just  when  the  sun  rwM.    For  two  or  able  from  the  other.  This  however  is  not 

three  days  therefore  at  this  period,  the  ihe  case ;  for  we  see  at  the  period  of  futt 

moon  sets  just  about  sunnse.    The  re-  ^,j^  balf,  or  very  near  half,  the  surface 

suit  IS  of  no  practical  importance  here;  ^f  ^^  ^        ^  jbe  marks  and  spots 

but  It  furnishw  another  mstance  of  the  ^^^  ^bich  it  U  diversified:  and  ilkse. 

apphcation  of  the  same  pnnoiplei  and  ^ben  examined  through  a  tetescope.  are 

IS  Uierefore  inswted  to  famihaiMe  the  „  jiff^^t  -^  ^^  character,  that  any 

reader  with  It.  Besides,  although  unim-  ^iteration  in  their  position  with  respect 

portant  in  this  hemisphwe.  the  inhabi-  ^  us  would  be  immediately  detected, 

tants  of  the  Southern  half  of  the  worid,  -^^  are  thus  able  by  observation  to  as- 

who  have  their  autumn  at  tiie  time  of  ^jgrtain  what  part  of  the  moons  face  is 

our  spring,  we  tiius  fumistod  in  tbeur  p^sented  to  iw :  and  we  are  so.  whether 

turn  with  the  advantage  of  a  harvest  ^  f„u  J^^J^  0,  an-  smaller  portion  of 

moon.    Of  course  m  eveiyrevolutaon  of  her  disk  be  presented  to  us,  because,  if 

the  moon  thaw  are  pwiods  when  Iwr  ^^  ^^^  1^3^,  t^  distinguish  the  marks 
nsing  and  setting  are  thus  affected,  for 

they  must  be  so  whenever  her  orbit  ■         — ______^_^^_— ^_^-— 

crosses  the  equator :  but  they  excite  Utile  •  y«m.  au  «ii*t  ihare  to  ur,  b,  to  ten  too. 

observation  in  other  instances,  not  being  ttat  tu>  imucra  u  the  mooa » i,  uie  ni»n  in  un 

then  connected  with  the  dose  or  the  »«•».  t5tathon,.iH»h.».TU«,n.j,«di,»»i  tu. 

beginmng  of  day.  '     jrwhMiMirW((tt'«i>rMiii,Actv.i.i. 
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upon  the  part,  however  small,  which  is  farther  tci  projoee  the  9Ww  effect  at  a 
actually  visible  to  Us,  we  see  what  part  greater  distance,  as  U  or  D,  and  must 
jo(  her  disk  that  is,  and  consequently  in  have  turned  half  round  to  make  the 
ivhat  manner  she  is  place4  witn  respect  same  side  face  the  earth  at  £,  one  ex« 
to  us.  tremity  of  the  diameter  A  £,  which  had 
,  The  result  of  these  observations  is,  done  so  at  A,  the  other.  The  sune  motion 
that  very  nearly  the  same  part  of  the  must  evidently  continue  beyond  £ ;  an4 
moon  is  always  turned  towards  us :  there  that  the  same  part  of  the  moon  may 
pjre  some  slight  differences  in  the  apr  again  be  presented  to  the  earth  on  her 
pearances  presented  at  different  periods  return  to  A,  the  revolution  must  be 
of  the  month,  but  they  are  so  small  that,  completed  at  her  return  to  A,fand  not 
for  llie  present,  they  may  be  left  out  of  sooner.  There  is  then  a  revolution  of 
our  consideration.  Hence  we  may  easily  the  body  of  the  moon,  and  it  is  corn- 
ascertain  that  the  moon  must  herself  have  pleted  during  the  space  of  a  periodio 
^  motion  of  rotation,  and  that  the  period  month  *;  fqr  it  is  obvious  that  uie  posi? 
of  her  rotation  must  be  the  same  as  that  tion  of  the  sun  has  nothing  to  do  with 
of  her  revolution  round  the  earth.  Re-  the  part  of  the  moon  which  is  really 
ferring  again  to^.  16,  we  may  take  the  turned  towards  the  earth,  though  it  de« 
ii&:ures  in  the  mner  circle  to  represent  termines  that  which  in  visible,  and  con* 
different  positions  of  the  moon ;  and  the  sequently  that  the  time  of  rotation  is  th# 
shaded  part  of  the  figure.  A,  will  repre-  same  with  that  of  the  moon*s  return  ta 
3ent  the  half  turned  to  the  earth  in  that  the  point  A,  not  as  a  p(unt  situated  be? 
position,  the  white  part  the  part  tume4  tween  the  earth  and  the  sun,  but  as  a 
from  it.  As  in  the  nsure  the  boundaries  point  in  a  given  directiqu  from  the  earth ; 
of  the  white  and  shaded  part  in  the  or,  in  otl^r  words,  that  it  is  the  same 
figures  of  the  inner  circle  are  parallel  iu  with  the  length  of  the  periodic,  not  of 
each  case,  the  shaded  part  may  in  every  the  synodic  revolution, 
case  represent  the  side  of  the  moon  In  the  figure,  as  drawn,  the  moon  is 
which  was  turned  to  the  earth  at  A,  if  merely  represented  by  a  circle  drawn  on 
we  suppose  that  the  moon  has  no  motion  the  plane  of  the  paper ;  which  obviously 
of  rotatipn.  The  part  of  the  moon  actur  represents  that  of  the  moon's  orbit,  and 
ally  turned  towards  the  earth  will  in  the  rotation  deduced  would  bie  rotation 
each  case  be  very  nearl)r  represented  by  in  that  plane,  or  round  an  axis  perpendi- 
the  part  within  the  circle  joining  A,  B,C«  cular  to  that  plane.  If  however  the 
&c.  It  is  obvious  therefore  from  axis  round  which  the  moon  turns  is 
inspection  of  the  figure,  that,  if  the  inclined  at  any  angle  to  th^  plane,  the 
moon  has  no  motion  of  rotation,  a  differ-  apoearances  would  be  different.  l£t  us 
ent  part  of  her  surface  will  be  presented  caU  the  extremity  of  the  axis  elevated 
to  the  earth  in  every  different  position,  above  the  plane  of  the  paper,  M,  thaj: 
Thus  at  A  she  presents  one  side  to  the  depressed  below  it  m;  and  let  us  sup- 
sun,  the  opposite  side  to  the  earth,  at  £  pose  that  the  axis  is  everywhere  paral- 
she  would  present  the  same  side  which  kl  to  itself,  and  that  at  the  point  A,  the 
she  before  presented  to  the  sun,  to  the  extremity  M  is  inclined  a  little  towards 
earth  also ;  and  in  the  intermediate  po-  the  earth,  and  of  course  the  extremity 
sitions,  B,  C,  D,  she  would  continually  m  a  little  away  from  it*  It  is  plain 
turn  towards  the  earth  less  and  less  of  the  that,  on  this  supposition,  an  observer  at 
part  turned  towards  it  at  A,  as  the  po-  the  earth  would  have  turned  towards 
sitions,  B,  C,D,  themselves  successively  him  a  part  of  the  moon  a  little  beyond 
became  more  distant  from  A.  We  find  M,  and  that,  towards  the  other  side,  h^ 
however  that  this  is  not  the  case,  but  that  woidd  not  see  quite  so  far  as  m.  "When 
at  every  position  very  nearly  the  same  the  moon  arrived  at  £,  these  appearanpes 
part  of  her  surface  is  turned  towards  the  would  be  reversed;  the  position  of  the 
earth,  This  can  only  \3e  done  in  one  axis  continuing  parallel  to  itself,  but  its 
way.  If  the  same  part  of  the  moon  is  situation  with  respect  to  the  earth  being 
to  be  turned  towards  the  earth  at  B,  reversed,  the  extremity  m  would  now  be 
which  was  so  at  A,  or  the  shaded  part  inclined  as  much  towards  the  earth,  as 
in  the  figure  is  to  coincide  with  the  part    

within  the  COnnectinir  circle,  it  can  only  *  W«  •^»"  hereafter  find  that  thw  remarkable 

At\  e/\  \w  o  «iit^;nrr  T^  iU^  ^^^^  ;«  *u'«>  ^^  obtaJii*,  as  far  as  we  can  discover  by  obner- 

do   SO   by  a  turning  of  the  moon  m  the  nation. in  the  caaeof  all  aatellitea,  or  bodies  of  the 

same  direction,  so  as  to  bring  it  into  the  same  order  as  the  moon  }    that  they  all  have  a 

reauired  position :   and  in  the  samp  man.  wo^o"  ©^  rotation,  and  all  perform  it  in  the  same 

«!S  Vi!^  ^nm^n   ti.icf   i „        ?        ?     I  *'"«  *"  *»»**^*'  *'>«T  woft  once  round  tbe  priocipM 

p«r  the  moon  piust  Jiave  turped  yet  vi»»etwiuciithey»uwd,  .                     / 


in  the  f€inot»  foeitim  M  was ;  and  af>  to  deseribe'  186^  a  qnarier  of*  it  'to  de- 

4i  the  fonner  case,  an  observer  would  scribe  90^,  and  a  tenth  of  it  to  describe 

have  had  exposed  to  him  parts  beyond  36°  on  her  axis,  in  whatever  part  of  her 

M,butnotthose  extending  torn,  he  would  orbit  this  time  be  taken,  sne  will  not 

BOW  have  turned  to  him  parts  beyond  take  accurately  these  same  proportions 

]»»  but  "would  not  be  able  to  observe  of  time  to  describe  the  corresponding 

those  extending  to  M.     There  would  angles  of  I8O0,  90%  and   36^  around 

therefore  be  a  sensible  difference  in  the  the  earth  in  every  part  of  her  orbit.    At 

parts  which  he  could  observe  under  the  some  periods  therefore*  when  the  moon's 

two  circumstances.    It  is  plain  also  that  motion  in  her  orbit  is  less  than  her 

there  would  be  similar  and  correspond*  mean  motion,    she   wiH    have  turned 

ing  changes  of  appearance  in  the  mter*  farther  on  her  axis  than  is  necessary  to 

mediate  ^tuations:  it  is  not  necessaiy  keep  the    same  face    directly   turned 

to  enter  into  detailed  consideration  01  towards  the  earth ;  at  other  times,  when 

them*   The  facts  actually  observed  how«  the  moon's  motion  exceeds  the  mean 

ever  are  found  to  correspond  with  the  motion,  she  will  not  have  turned  suffi- 

results  deduced  upon  this  supposition  of  ciently  fajc  on  her  axis  for  that  purpose  ; 

a,  rotation  on  an  axis  moving  parallel  to  and  the  consequence  would  be,  that  in  the 

itself,  but  not  quite  perpendicular  to  the  former  case  a  small  part  of  the  moon  on 

plane  of  the  moon's  orbit    The  points  the  side  towards  which  her  motion  in  her 

M  and  m  are  called,  from  theur  caner  orbit  takes  place  would  be  seen  which  had 

spondence,  which  will  hereafter  appear,  not  been  so  in  her  original  position :  in 

with  the  points  called  the  poles  of  the  the  latter,  a  small  part  of  that  side  of 

earth,  the  polea  of  the  moon ;  and  tiie  the  moon  away  from  which  she  moves  ; 

great  cirde  perpendicular  to  the  axis  of  or  as  the  motion  of  the  moon  round  the 

the  moon,  is  called  for  a  simHar  reason  earth  is  from  West  to  East,  speaking 

the  equator  of  the  moon.    The  phe-  generally,  in  the  former  case  some  S(. 

nomenon  which  we  have  been  explaining  uie  Eastern  side  of  the  moon,  in  the 

of  the  appearance  of  different  parts  of  latter  some  of  the  Western,  will.be  seen« 

the  moon*s  surface*  differently  situated  beyond   what    was    originally    turned 

with  respect  to  these  poles,  is  called  the  towards  the  spectator.    The  poles  of  the 

moon*s  libraiion  (rocking  or  balancing)  moon  would  be  unaffected  by  the  motion 

m  iatiiude,  because  terrestrial  latitude  of  rotation,  and  of  course  by  its  equality 

is  reckoned  by  the  distance  from  the  or  inequality.    These  appearances  again 

terrestrial  equator  and  its  pdes,  and  the  are  actually  found  to  take  place,  and 

corresponding  measure  on  the  moon*s  are  known  by  the  name  of  the  moon's 

surface  i^  therefore  calledlunar  latitude,  libraiion  in  longitude,  from  an  analogy 

From  the  amount  of  this  libration,  the  between  the  Imes   and  points  on  her 

degree   of   inclination  of  the  moon^s  surface,  and  those  on  the  earth,  like  thai 

axis  to  her  orbit  mavbe  ascertained:  to  which  we  have  already  referred  in 

the  angle  is  84°  5 1'  1 1^ ;  or  it  is  5°  8'  49"  speaking  of  the  libration  in  latitude. 
out  of  the  perpendicmlar.  There  is  still  another  phenomenon  of 

This  however  is  not  all.    The  bound-  the  same  kind.    The  part  of  the  moon 

ary  of  the  part  of  the  moon  presented  to  presented  to  an  observer  at  any  place 

the  earth  is  a  circle  of  the  moon,  of  which  is  bounded  by  a  circle  perpendicular  to 

the*  plane  is  perpendicular  to  the  radius  the  line  joinmg  his  place  and  the  centre 

vector.    The  angle  therefore  which  the  of  the  moon.    To  observers  at  different 

positions  of  these  planes  will-  make  with  nlaoes,  therefore,  appearances  in  some 

«ach   other  at  different  points  of  the  degree  different  will  be  presented ;  for 

orbit,  will  he  equal  to  the  an^e  made  by  the  moon  is  not  so  distant  from  the 

the  radii  vectores  at  these  points.    The  earth  but  that  the  lines  joining  her 

moon  however  moves  in  an  dlipse,  and  centre  with  different  spots  on  the  earths 

consequently  her  angular  velocify  is  not  surface  may  make  a  sensible  angle  ;  in 

uniform :  the  angle  traced  by  the  radius  the  extreme  case  not  less  than  twice  the 

vector  therefore  will  not  increase  in  the  horizontal  parallax    of  the  moon,  oc 

exact  proportion  of  the  time.    If  then  nearly  2°  on  an  avera^ :  and  this  ande 

the  rotation  of  the  moon  be  unifcam,  will  be  that  of  the  inclination  of  tn^ 

as  well  as  complete  in  the  periodic  nme  planes  bounding  the  jjart  of  the  moon 

of  the  moon,  she  will  describe  360°  on  visible   at  each  situation.     A  similav 

her  axis,  in   the  same  time  that  she  consideration  will    explain    a  further 

takes  to  describe  360°  round  the  earth;  variation  of  the  appearances  of  the 

but  irbiiQjhe  l^it  exactly  half  this  time  nooni  which  ^Very  day  present!  tQ  u«u 

G  2 
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"When  tti«  moott  rides  in  the  East,  an  tame  &ice,  or  r&f  neuAy  to,  towards 

observer  on  the  earth's  surface  will  see  us,  we  are  able  to  observe  it,  by  the  aid 

a  little  more  of  her  Western  and  then  of  powerful  telescopes,  with  great  ac- 

upper  side,  than  he  would  do  if  placed  curacy.     The  consequence  has  been, 

in  the  centre  of  the  earth;  and  when  that  maps  of  that  part  of  its  surface 

she  is  setting  in  the  West,  he  will  see  a  which  is  exposed  to  us  have  been  con« 

little  more  of  her  Eastern  and  then  structed,  and  that  we  have  obtained 

upper  side.     Thus,  if  in  J^.  16  G  re**  considerable  knowledge  of  its  constitu- 

present  the  moon  when  rising,  G  when  tion  as  well  as  of  its  motions* 

setting,  to  an  observer  at  the  point  On  looking  at  the  moon  through  a 

T,  on  the  surface  of  the  earth,  and  powerful  telescope,  we   observe  verv 

G    B   A  H    G   the  direction  of  its  different  degrees  of  brightness  in  dit- 

daily  course,  from  East  to  West,  the  ferent  parts  of  the  surface,  and  espe- 

side   turned  towards    A   will  be  the  dally  some  bright  spots,  which  have 

Western  side  when  the  moon  is  rising,  beyond  them,  in  the  direction  opposite 

'tiie  Eastern  side  when  it  is  setting ;  aiid  to  that  of  the  sun,  a  comparatively  dark 

it  is  obvious  that  the  observer  at  T,  shadow.     The  length  and  position  of 

being  nearer  to  the  point  A  than  an  this  shadow  vary  as  the  position  of  the 

observer  at   the  centre  of  the  earth  spot  with  relation  to  the  sun  varies ;  the 

would  be,  he  will  see  rather  more  of  shadow  being  always  opposite  to  the 

those  parts  which  are  turned  towards  sun,  but  longer  or  shorter  as  the  sun  is 

A.    In  intermediate  points  there  will  more  or  less  elevated  above  a  plane 

be  corresponding  vaneties  of  appear-  touching  the  moon  at  that  point,  or  the 

flinoe.    This  is  called  the  diurnal^  or  horizon  of  that  point  of  the  moon.    It 

parcdlaetie^  libraiion,  is  obvious,  from  these  appearances,  that 

A  certain  degree  of  variation  in  the  the  dark  part  is  really  a  shadow  created 

appearances  presented  by  the  moon  is  by  the  interposition  of  the  bright  spot 

thus  shown  necessarily  to  eust,  on  the  between  it  and  the  sun,  or  Uiat  the 

supposition  of   her    uniform    rotation  bright  spot  b  an  devation  above  the 

round  a  fixed  axis ;   and  the  appear-  general  level  of  that  part  of  the  moon 

ances  which  actually  exist  are  found  where  it  stands,  or  a  mountain  in  the 

"very  nearly  to  correspond  with  that  moon. 

supposition.  But  in  this,  as  in  almost  We  are  led  to  the  same  conclusion 
every  astronomical  result,  we  are  of  the  existence  of  mountains  in  the 
obliged  to  qualify  our  first  conclusions  moon  by  another  remarkable  appear- 
in  order  to  arrive  at  complete  correct-  ance.  The  inner  or  oval  edge  of  the 
ness.  We  find  that  the  appearances  moon  is  the  boundary  of  light  and  dark- 
presented  so  nearly  correspond  with  ness  there.  If  the  moon  were  perfectly 
those  necessary  on  the  supposition  of  smooth,  this  boundary,  as  we  have  seen, 
uniform  rotation  round  a  fixed  axis,  would  be  a  perfect  circle,  and  its  ap- 
that  we  are  induced  to  conclude,  in  the  pearanoe  would  be  that  of  an  accurate 
first  instance,  that  this  supposition  is  ellipse ;  but  if  there  are  inequalities  on 
strictly  true ;  but  more  minute  obser-  the  moon*s  surface,  some  of  the  higher 
vation  teaches  us  that  it  is  not  so.  We  points  Iwyond '  the  line  which  would  be 
have  indeed  no  reason  to  doubt  the  the  boundary  of  the  visible  part  if 
uniformity  of  the  motion  of  rotation;  smooth,  would  project  into  the  light,  and 
but  the  position  of  the  axis  itself  is  would  be  visible  sometimes  even  while 
found  not  to  be  invariably  the  sam^  tlw  depressed  parts  between  them  and 
It  is  always  inclined  at  the  same  angle,  the  boundanr  would  be  in  shadow, 
or  very  nearly  so,  to  the  lunar  orbit;  out  Thus  upon  the  earth*s  surface  the  tops 
its  direction  is  different,  for  it  is  always  of  mountains  continue  to  receive  the 
peipendicular  to  the  line  joining  the  light  of  the  sun  after  he  has  set  to  the 
nodes  of  the  orbit ;  and  as  they  make  valleys  or  plains  below  them.  Now 
A  complete  revolution  in  6793.42118  these  are  exactly  tiie  appearances  pre- 
days,  the  axis  of  rotation  of  the  moon  sented  by  the  inner  edge  of  the  moon 
will  in  that  time  go  through  all  its  posi-  when  seen  through  a  telescope :  what- 
tions  with  respect  to  the  heavens*  ever  portion  of  the  moon  be  visible,  the 
^  TTr  »*■  .  «  1  «^  ^^  i*  everywhere  rough,  with  lines 
S*CTiow  IV.—Afotm/oww  of  tJie  Moon  and  points  projecting  beyond  iU  genend 
^Voleanoee^Atmotphere  of  the  line,  and  with  some  insukted  points 
Moon,  completely  beyond  that  line,  and  not 
Tbb  noon   C9ntii\uaUj  iunung  the  coDaected  wiiti  it  by  ai^  lines  of  h^tA^ 
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It  is  evident  that  thefomer  mutt  be  bjSss;  but  if  B  Vepreseat  the  top  of  a 

elevated  ridses  rising  above  the  general  lunar  mountain,  whose  heieht  is  C  B» 

suriace  of  the  moon ;  the  latter,  single  B  will  just  receive  the  ray  BAB,  and 

points  yet  more  elevated,  and  more  difl-  will  therefore  be  visible.     The  distance. 

tant  from  the  part  generally  enlight-  A  B,  from  the  general  boundary  of  light 

ened.     We    conclude   therefore   that  and  shade,  may  be  observed.  It  will  not 

the  surCaoe  of  the  moon  is  everywhere  indeed  be  seen  except   in  particular 

rugged,  without   any  great  plains  or  oases,  perpendicularly  to  the  line  joining- 

large  spaces,  like  the  sea  here,  covered  the  observer  and  the  moon ;  but  from 

with  water  or  any  fluid,  which,  from  the  the  observed  distance,  the  real  distance  of 

laws  regulating  the  equUibrimn  of  fluids,  A  B  may  be  computed,  the  inclination  at 

would  necessarily  have  a  smooth  surfiice.  which  it  is  seen  being  known ;  and  from 

It    may    seem    that    corresponding  the   real  distance*  as   computed,  the 

appearances  ought  to  be  presented  by  angle  A  M  B,  and  the  height  B  C» 

the  other  limb  of  the  moon,  and  that»  may  be  aspertained.   A  B  is  necessarily 

Just  as  the  sun*s  ravs  enlighten  pro-  greater  thuiB  C;  but  this,  though  it  is 

minent  objects  beyond  that  part  of  her  one,  is  not  the  only  reason  why  the 

surface  which  he  generally  shines  upon,  distance  of  an  elevated  point  from  the 

we  ought  also  to  be  able  to  see  pro-  boundary  of  the  enlightened  part  of  the 

minent  points  beyond  the  part  of  the  moon  is  more  easily  observed  than  its 

moon  directly  turned  towards  us.    And  actual  prominence.    We  may  now  sup* 

it  is  so ;  but  though  such  points  are  pose  S  to  represent  the  direction  of  an 

fu^ally  presented  to  our  view,  they  are  observer  upon  the  earth ;  in  which  case 

scarcely  distinguishable  to  our  senses,  it  is  plain  that  A  wUl  rei»'esent  a  point 

even  when  assisted  by  powerful  instru*  in  the  boundary  of  that  part  of  the  moon 

ments.  It  will  be  worth  while  to  exj^ain  which,  if  she  were  perfectly  smooth, 

the  cause  of  this  difference,  especially  iirould  be  visible  from  S.    The  observer 

as  it  will  show  also  how  we  are  enabled  at  S,  however,  vrill  be  able  to  see  th^ 

to  estimate  the  height  of  lunar  moun*  point  B,  if  that  be,  as  before,  a  point 

tains.    Por  this  purpose,  in  Jig.  20,  let  elevated  above  the  ffeneral  surface  of  the 

moon;  but  he  wul  see  it  in  the  line 

_  8  A  B,  or  in  the  same  direction  with  the 

S  point  A,  the  extreme  point  of  that  part 

of  the  moon,  which,  independently  of 

these  prominences,  would  be  presented 

to  bun :  and  he  will  not  distinguish  it  as 

projecting  beyond  the  general  surface  of 

fg'  ^^*  the  moon,  though  it  is  only  by  virtue  of 

this  prrojection  uat  it  is  brought  within 
his  view  at  all.  A  similar  mountain 
situated  between  the  points  A  and  C 

the  arc  C  A  represent  a  part  of  the  vrould  indeed  project  oeyond  the  line 

moon*8    surface,    and    8  A   B    any  A  B,  and  be  partly  distinguishable ;  and 

straight  line  touching  it ;  and  let  B  be  in  the  extreme  case  of  its  being  situated 

any  point  in  that  line,  and  join  B  with  exactly  at  A,  it  would  project  thus  by 

M,  the  centre  of  the  moon.    Thepart  of  its  whole  height ;  but  even  then,  as  we 

the  line  B  C,  intercepted  between  Band  have  aheady  seen,  the  prominence  is 

the  surface  of  the  moon  at  C,  is  evidently  much  less  than  A  B. 

the  height  of  the  point  B  above  that  sur-  It  will  naturally  be  supposed  that  the 

^ace ;  and  whenever  the  angle  A  M  C  is  nicety  of  observation  required  to  detect 

small,  B  C  is  much  less  than  A  B  *.  such  small  quantities  as  the  altitude  of 

"Now  the  rays  of  light  move  in  straight  lunar  mountains  at  the  distance  of  the 

lines;  SAB  therefore  may  represent  the  moon  must  be  very  great;   and  their 

course  of  a  ray  of  light.    A,  where  it  values  may  in  consequence  be  consi- 

touches  the  sphere,  will  be  a  point  in  dered  as  not  very  accurately  ascertained, 

the  general  boundary  of  light  and  dark-  They  were  much  overrated  when  first 

^  observed,  and  the  observations  then  re- 

""""^  gistered  would  correspond  to  surprising 

A  S  ??S'rf f  iS=OT!'?lrM'='^iJ:^B  c :  A  D  heighte.  Es  15  Dules^  Of  there*bout8. 

orAB:BC.:CD}AD::  sin.  If :  rer.  ain.  If.  Better  observations  howcver  have  re- 

Whrnever,  therefore,  rfn.  M  ij  pejtjr  than  rtr.  juccd  these  extraordinary  clevatious  ; 

sId.  M,  which  It  l8  unlll  M  —  00**,  A  B  1«  greater  j    t\       tt         i_  i             -i^  ^^     r  _    ^5 

t]uuBc,«iidTerymu€hsowbeniti«tmiL]  9xA  Du  Herscbd  considered  few  of 
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these  mountains  to  eteeed  half  a  mile  in  any  refi'aeHdn  by  tBe  moon*s  atrno* 

height.    There  are  some  however  Air  sphere:  for  it  is  deduced  from  consider- 

hisfher;  and  one  in  particular,  named  ing  whete  the  moon  is  exactly  between 

after  the  philosopher  Leibnitz,  has  been  the  earth  and  the  star,  at  wbfch  period 

computed  by  M.  Schroeter  to  be  25,000  it  would  intercept  rays  of  light  proceed- 

feet,  or  nearly  5  miles  high.  ing  in  a  straight  line  from  the  star  to  the 

Besides  these  points  near  the  illumi-  earth.    If  the  moon  have  any  refracting^ 

nated  edge  of  the  moon,  other  bright  atmosphere,  the  duration  would  be  shor- 

points  are  occasionally  seen  in  the  dark  tened,  for  the  T?Lys  would  be  bent  to- 

parts  of  it,  at  so  great  a  distance  from  wards  *  the  moon  in  passing  through  it» 

the  edge,  that  they  cannot  be  accounted  and,  as  they  would  pass  first  on  one  side 

for  in  the  same  manner:  for  a  moun-  of  the  moon  Cbat  which  first  came  in 

tain  lofty  enough  to  be  enlightened  in  conjunction,  or  apparent  contact  with 

such  a  position  could  not  escape  our  the  star),  and  afterwards  on  the  other 

observation  when  in  the  generally  en-  (which  last  leaves  it),  they  would  be  bent 

lightened   part   of  the   moon.     These  towards  each  other;  and  towards  the 

points  therefore,  when  seen,  must  be  earth,    and  consequently  in  one  case 

luminous  in  themselves.    They  are  seen  would  continue  to  reach  the  earth,  after 

occasionally,  not  always  *  they  are  there-  some  part  of  the  moon  is  between  the 

fore  luminaries  only  occasionally :  and  earth  and  star,  and  in  the  other  would 

the  most  probable  account  that  has  been  begin  to  arrive  at  the  earth  before  the 

given  of  them  is,  that  they  are  volcanoes,  whole  of  the  moon  had  passed  from 

and  that  when  they  are  visible  inde-  between  them.      The  observed  dura« 

pendently  of  reflected  l^ht,  they  are  in  tion  of  the  occultation  would  be  less 

a  state  of  active  eruption.    Their  dp-  than  the   computed  duration.     Such 

pearance,  when  seen  in  the  generally  en-  a   difference    is    in  '  reality   scarcely 

lightened  parts  of  the  moon,  corresponds  observable:  its  amount  has  nevo:  been 

with  and  confirms  this  supposition.  very  completely  ascertained,  but  it  cer- 

If  there  be  ail  atmosphere  surround**  tainly  does  not  exceed,  in  any  case,  8 
ing  the  moon,  at  all  analogous  to  that  of  seconds  of  time ;  a  diminution  which  is 
bur  earth,  there  must  be  twilight  there:  not  greater  than  that  which  would  cor- 
and  if  there  is  twiliffht,  there  must  be  a  respond  to  a  horizontal  refraction  not 
partial  and  faint  li^t  beyond  the  boun-  exceeding  2^'.  The  horizontal  refraction 
dary  of  that  psot  of  the  moon  which  is  at  the  eartiti  is  not  less  than  33' ;  and 
fully  and  directly  illuminated  by  the  sun.  as,  on  the  supposition  of  the  medium 
Such  a  light  has  been  actually  observed,  being  similar,  the  refracting  power  in- 
but  very  faint  and  of  small  extent;  creases  with  the  density,  it  may  be 
corresponding  therefore  to  the  supposi-  estimated  from  this,  that  the  density  of 
tion  of  Uiere  being  such  an  atmosphere,  the  lunar  atmosphere  must  be  nearly 
but  of  little  power  in -reflecting  light  1000  times  less  than  that  of  ours.  The 
toat  its  power  is  very  small,  is  evinced  identity  of  its  nature  however,  and  there- 
also  by  another  consideration.  The  fore  the  conclusion  drawn  from  it,  is 
same  media  generally  are  powerful  both  to  a  certain  degree  conjectural, 
in  refracting  and  reflecting  light.  Now  One  other  circumstance  respecting 
we  have  complete  proof  that  the  atmo-  the  lunar  atmosphere  may  here  be  men- 
sphere  of  the  moon  has  very  little  power  tioned.  It  is  clear  that  it  is  not  loaded 
in  refracting  light.  In  the  course  of  the  with  heavy  clouds,  as  the  atmosphere  of 
moon's  revolution  through  the  heavens,  the  earth  so  frequently  is :  for  these 
she  must  necessarily  sometimes  he  in  would  cither  themselves  be  visible  to  nsy 
the  same  direction  with  some  of  the :: 

stars,  and,being  much  nearertO  us  than        .  The  coastUutlou  of  the  lanar  atmosphere  beiog 

they  are,  pass   between    us   and    tnem,  supposed  the  same  abore  ditferent  parts  of  the 

and    conceal  them   from    us.       This    is  »<»«»'«  surface,  the  my  MU  leafe  the  atnospbere 

called  the  occultation  of  the  fixed  stars  ^ithVl'Si'wdiu'^iu^ 

by  the  moon.    Her  motions  being  known,  tiug  it  wIU  make  the  same  angle  with  a  perpendi- 

the  time  at  whioh  fhat  nnrf  of  hpr  whii»h  ^"*"  thtn,  that  Its  ooune  befor«  entering  it  did 

xne  ume  ax  wnicn  mai  pan  OI  ner,  Wnicn  ^^^j^  ^  perpendicular  at  the  point  of  il«  entrauce. 

Urst  coincides   in  position  with  a  star.  The  angle  between  these  two  courses  therefore,  or 

does  so  coincide,  or  the  becrinninfi:  of  the  *?«  deflection    occasioned   by  Uie  ray's  passage 

^>^..u.4^:»».   M«n-.,UA>  A  J  J  through  the  atmosphere,  will  be  the  same  as  the 

occultation,  may  be  computed ;  and  so  in  angle  between  the  perpendiculars,  and  measured 

"the   same     manner    may  its   end,    and  in  the  same  direction,  that  is  to  6ay,  towards  the 

consequently  its  duration.    This  how-  «w«  «' the  moon  opposite  to  that  at  which  Uie  ray 

•^    Au^'' j...-«*i         •    J  a^,        J.  enter*,  and  consequently,  the  ray  entering  at  somt 

-ever  is  «e  duration  independently  of  diitnceftom«h«ffloositowvdstii«mooiiHseif. 
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or  would  al  least  be  discovered  by  the  tid  eireutndtanefti,  diminished  sotAe  of 
shadows  they  would  cast  in  taryini^  the  causes  of  difi^rence. 
places  upon  the  moon*s  surface.  We  '  On  the  26th  of  May  we  sailed  from 
can  observe  the  shadows  of  her  moun-  Talparaiio,  and  proceeded  along  the 
tains,  and  should  equally  be  able  to  doast  to  Lima.  Duriiis;  the  greater  part- 
observe  those  of  her  clouds.  This  ob-  of  this  voyage  the  land  was  in  sight,  and 
servation  comes  in  aid  of  that  already  ^e  had  many  opportunities  of  seeing  not 
deduced  from  other  appearances,  of  the  only  the  Andes,  but  other  interestino^ 
absence  of  any  large  spaces  covered  with  features  of  the  country.  The  sky  wag 
water,  or  any  evaporable  fluid  in  the  sometimes  covered  by  a  low  dark  unbro^ 
moon ;  for  if  there  were  ai^  such,  eva«  ken  cloud,  overshadowing  the  sea,  and 
Jporation  would  take  place,  and  clouds  resting  on  the  top  of  the  high  cliffs  which 
would  be  formed.  ^ard  the  coast,  so  that  the  Andes,  and 
We  have  already  said  that  many  of  indeed  the  whole  country,  except  the 
bur  condusions  with  respect  to  objects  immediate  shore,  were  then  screened 
on  the  surface  of  the  moon  are  to  ik  from  our  view.  But,  at  some  places, 
certain  extent  conjectural ;  and  it  may  this  lofty  range  of  cliffs  was  intersected 
possibly  seem  that  the  conjectutes  are  by  deep  gullies,  called  qnebracUis,  con- 
impugned  by  the  dissimilarity  of  appear*  nected  with  extensive  valleys,  stretching 
ances  presented  by  the  moon  and  wth*  far  into  the  interior.  At  these  openings 
Objects  on  the  earth  are  seen  by  re-  we  were  admitted  into  a  view  of  regions, 
fleeted  light,  as  well  as  those  at  the  which,  being  bevond  the  limits  of  the 
tnoon ;  yet  with  how  much  less  bril-  eloud,  and  therefore  exposed  to  the  full 
liancy,  except  occasionallj  where  a  blaze  of  the  sun,  formecf  a  brilliant  coii- 
brightly  reflecting  surface  is  met  with«  trast  to  the  darkness  and  gloom  in  which 
and  with  how  many  shades  of  colour^  we  were  involved.  As  we  sailed  past, 
insteadof  one  uniform  and  almost  white  and  looked  through  these  mysterious 
l>rightness,  only  diversified  by  its  dif^  breaks,  it  seemed  as  if  the  eye  penetrated 
ferent  degrees  of  intensity*  And  when  into  another  world;  and  had  the  dark- 
le see  objects  melted  together  in  dis-  ness  around  us  been  more  complete,  the 
tance,  and  almost  of  uniform  colour,  it  light  bevond  would  have  been  equally 
is  a  pale  bluish  hiie  of  faint  lustre,  resplendent  with  that  of  the  full  moon. 
Any  such  olijection  may  easily  be  re-  to  which  every  one  was  disposed  to 
inoved  by  these  considerations,  that  the  compare  this  most  curious  and  surprise 
mixture  of  a  great  variety  of  colours  ing  appearance, 
will  produce  a  white,  or  nearly  a  white  'As  the  sun*s  rays  were  not,  in  this 
light,  and  oonsequerttly  that  the  blended  case,  reflected  fh)m  a  bright  snowy  sur- 
light  reflected  from  a  large  distant  tract,  ^ce,  but  from  a  dark-coloured  sand,  we 
ought  in  general  to  be  nearly  of  that  are  furnished,  by  analog,  with  an  answer 
colour ;  that  if  the  distant  objects  which  to  the  difficulties  sometunes  started,  with 
we  see  on  the  earth  are  not  so,  it  is  be*  respect  to  the  probable  dark  nature  of 
cause  the  rays  which  proceed  from  them  (he  soil  composing  the  moon's  surface*.* 
pass  through  a  long  space  of  the  lower 

and  denser  parts  of  our  atmosphere,  and  Section  V. — On  Eclipses* 

the  objects   become,  in  consequence,  •  r-^^^i  «^#.,-^  «/•  i?y.7;^*-«    - 

lingfed  with  its  blue  colour;  th?t  their  {> %r,f  ^.^^if  i^^*'^^^^ 

faintness   proceeds    partly  'from    this  u^J^^ttr                    ^ 

^^^'J^^-:^!  irn.'a'Av:  niTsZ'^&p.es^Solar  ecliptic 

there  is  not  that  striking  difference  in  .^^^  ^"?*|f  JSHT^^ 

her  appearance  and  thiire  which  we  tn  about  \S  Veari^Uic  tn  Chronologif, 

suppose,  when  we  contrast  them  with  I.  We  explained  generally  in  the  course 

our  notion  of  her,  as  derived  from  our  of  the  last  section  the  nature  of  an 

Common  obserrations  in  the  darkness  occultation.    It  is  evident  that,  in  the 

of  ni^ht.  But  it  may  be  worth  while  to  same  manner  as  the  moon  was  there 

subjom,  as  a  still  further  answer  to  any  represented  to  interpose  between  th* 

objections  of  this  nature,  the  description  earth  and  a  fixed  star,  she  may  interpose 

which  a   very   accurate  observer  has  also  between  the  earth  and  sun,  or  some 

given  of  the  appearartces  presented  by    . — _ 

a  part  of  Ihe^earth  itself,  where  the  bril-  <,  captaUi  bwH  HoU's  ExUwut  from  »  Jouroa^ 

4iancy  of  the  eHmate,  and  other  acciden*  vol-,  i.,  p.  leo. 
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part  of  the  8un»  and  thai  deprive  us  for  earth*s  shadow.   Now  we  already  know 

a  time  of  the  whole  or  a  part  of  its  light,  (p.  61 )  that  the  sun  is  larger  than  the 

Again,  when  nearly  opposite  to  the  sun,  earth.  The'earth's  shadow  therefore,  as  we 

she  may  be  in  such  a  position  that  the  have  seen  in  p.  74,  is  a  cone,  and  termi* 

earth  itself  may  be  between  her  and  the  nates.  We  can  also  tell,  knowing,  at  least 

Bun,  and  intercept  the  sun's  light  from  within  a  moderate  distance  of  the  truth» 

the  whole  or  a  part  of  her  sur&ce.    In  the  relative  magnitudes  and  the  distance 

tdis  case,  as  the  moon  shines  only  by  of  the  sun  and  earth,  what  the  length  of 

reflecting  light  proceeding  from  the  sun,  this  shadow  must  be.    The  sun*s  radius 

(for  the  dark  side  of  the  earth  is  then  is  about  110  times  greater  than  that  of  the 

towards  her,  and  consequently  no  light  earth :  his  distance  nearly  24,000  times 

is  supplied  to  her  by  earthshine)  the  the  same  quantity.    The  length  of  the 

whole  or  some  part  of  her  surface  must  shadow  then  must  be  to  its  radius  at 

becomeinvisil^e/These  phenomena  are  the  earth  veiy  nearly  in  the  ratio  of 

known  by  the  name  of  eclipses,  from  a  24,000  to  110—1,  or  109,  or  it  must  be 

Greekwoidsignifyinga^/ur*o^  21222  times,  or  about  220;  times  that 

the  disappearance  of  part  or  the  whole  109                                   ' 

of  the  sun  by  the  interposition  of  the  radius :  more  accurately,  its  mean  va- 

moon  being  called  a  solar  ecUpse;  the  lue  is  216,531  times  that  radius;  its 

disappearance  of  the  moon,  or  any  part  yalue  when  tiie  sun  is  in  apogee  being 

of  her,  by  coming  within  the  earth's  220.238,  when  inperigee  212.896  times 

shadow,  bieing  called  a  lunar  eclipse.  that  quantity.    The  moon's  mean  dis-> 

If  the  moon  revolved  round  the  earth  tance  from  the  earth  is  not  more  than 

in  the  same  plane  as  the  sun,   there  60  times  that  radius;  she  therefore  passes 

would  necessarily  be  a  lunar   and  a  far  within  the  limits  of  the  shadow,  and 

solar  eclipse  every  month.     Referring  piay  be  eclipsed  by  it. 

again  to  flg*  16,  if  T  represent  the  The  next  object  is  to  detennine  what 

earth,  S  the  sun,  and  A,  B,  0,  D,  Sec.  are  the  dimensions  of  the  shadow  at  the 

the  moon's  orbit,  A  is  directly  between  distance  where,  if  at  all,  the  moon  passes 

the  earth  and  sun,  and  the  moon  at  A  through  it.     The   section,    being  one 

would  eclipse  the  sun ;  T  is  directly  b^  perpendicvdar.  to  the  axis  of  the  cone, 

tween  the  sun  and  £,  and  the  moon  at  will  necessarily  be  a  circle,  and  we  there- 

£  would  therefore  have  the  earth  inter-  fore  only  have  to  determine  the  proper- 

posed  between  her  and  the  sun,  or  she  tion  which  the  radius  of  this  circle  bears 

would  be  eclipsed.    On  this  supposition  to  that  of  the  earth.    Now  the  radius  of 

therefore  there  would  be  a  solar  eclipse  this  circle  will  bear  to  that  of  the  earth, 

at  every  new  moon:  a  lunar  eclipse  at  the  same  proportion  as  the  parts  of  the 

every  full  moon.    This  however  is  not  axis  of  the  cone  intercepted  between 

the  case,  and  we  proceed  to  shew  more  them  and  the  vertex  of  the  cone ;  or 

in  detail  why  it  is  not  so,  and  what  cir-  rad.  of   shadow   at  moon*s  distance  ; 

cumstances  must  concur  to  produce  an  rad.  of  earUi ::  220  -  60  :  220  nearly 

eclipse.    In  so  doing  we  shall  take  the  ;:  160  :  220 

case  of  a  lunar  eclipse  first,  as  being  the  ::     8  ;    1 1. 

most  simple.  The  radius  of  the  shadow  being  thus 

II.  A  lunar  eclipse  bebg  occasioned  found  to  be  about  t\  of  the  earth's  ra- 
by  the  interposition  of  the  earth  between  dius,  and  that  of  the  moon  being  only 
the  sun  and  moon,  is  an  actual  depriva-  about  -f.  (p.  61)  of  the  same  quantity, 
tion  of  light  to  the  moon.  &he  therefore  the  shadow,  at  the  distance  where  she 
becomes  for  the  time  really  invisible,  and  may  meet  it,  is  considerably  more  ex- 
disappears,  not  merely  to  a  spectator  at  tensive  than  the  moon,  and  she  may 
some  particular  place  who  is  prevented  therefore  fall  entirely  within  it,  and  be 
from  seeingher,  out  absolutely  and  uni«  totally  eclipsed, 
versally.  We  have  no  occasion  there-  The  apparent  radius  of  the  moon  is 
fore  to  refer  to  any  particular  point  on  about  16^:  the  angle  subtended  by  the 
the  surface  of  the  earth,  or  to  embarrass  radius  of  the  earth's  shadow  at  the  same 
ourselves  with  any  considerations  of  distance  must  bear  the  same  proportion 
difference  between  observations  made  at  to  this  quantity  that  the  radii  tnemselves 
different  places :  we  have  only  to  ascer-  bear ;  or  the  proportion  of  about  8  to  3  ; 
tain  when  the  light  transmitted  to  the  and  consequently  it  would  be  about 
moon  from,  the  sun  actually  fails.  42'  40".      More    accurately  however. 

For  this  purpose  we  must  first  ascer-  for  the  numbers  we  have  taken  are  only 

tarn  the  form  and  magnitude  of  the  a  YCjy  rough  approximation  to  the  fruth. 
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its  mean  value  it  .41'  BfJ^;  or  the 
mean  apparent  diameter  of  the  shadow 
is  82'  17".  If  therefore  the  moon  pass 
throug^h  it  along  a  diameter,  and  her 
apparent  diameter  be  of  32',  when  she 
is  first  completely  within  the  shadow, 
she  has  a  space  of  SO'  17"  to  move 
over  before  any  part  of  her.  arrives  at 
the  opposite  side  of  the  shadow,  and 
during  the  whole  time  in  which  she  does 
80  move,  the  eclipse  will  be  totaL  The 
greatest  possible  length  of  a  total  eclipse 


of  the  moon  may  m  this  way  be  ascer- 
tained to  be  about  two  hours. 

It  will  however  be  worth  while  to 
estimate  the  magnitude  of  the  apparent 
diameter  of  the  earth's  shadow  more 
accurately.  For  this  purpose,  in  Jig, 
21,  let  the  circle  whose  centre  is  S  re« 
present  the  sun,  that  whose  centre  is  E 
represent  the  earth,  and  let  RTP,  r<P, 
be  two  lines  drawn  touching  the  sun  and 
earth,  and  meeting  in  P.  The  line  S£ 
joining  the  centres  of  the  sun  and  earth 


will  pass  through  P  also :  for  the  line  join- 
ing I*  withthe^centre  of  the  circle  S,  will 
bisect  the  angle  between  the  tangents 
PR,  Pr ;  and  m  the  same  manner  the 
line  joimng  P,  with  the  centre  of  the 
circle  £,  wm  bisect  the  angle  between  the 
tangents  FT,  P^,  and  as  these  tangents 
mre  the  same,  the  lines  in  question  must 
coincide.  Now  let  M  be  a  point  in 
the  extremity  of  the  earth's  shadow 
at  th^  moon's  distance.  The  angle  M£P 
therefore  is  the  apparent  radius  of  that 
section  of  the  shadow.  Now  the  angle 
MEP=EMT-EPM 

=EMT-(RES-ERT> 
•  =EMT+  ERT-RES. . 
Now  RTM  is  a  tangent  to  the  earth  at 
T ;  to  an  observer  placed  at  T  therefore 
the  sun,  and  also  the  point  M,  would  be 
in  the  horizon.  The  angle  ERT  therefore 
is  the  angle  which  the  distance  from  the 
situation  of  an  observer  to  the  centre  of 
the  earth  subtends  at  the  sun,  when  he 
is  in  tJie  horizon,  or  it  is  the  horizontal 
parallax  of  the  sun:  the  angle  EMT  is 
m  the  same  manner  the  horizontal  pa- 
rallax of  the  point  M,  or  of  the  moon ; 
for  the  horizontal  parallax  of  the  moon, 
and  of  a  point  at  the  moon's  distance, 
are  the  same.  The  angle  RES  is  ob- 
viously the  apparent  radius  of  the  sun. 
If  therefore  we  call  the  horizontal 
parallax  of  the  sun  P,  that  of  the  moon 
o,  and  the  apparent  radius  of  the  sun 
R,  we  have  tlus  equation;  apparent  ra- 
dius of  shadow  at  the  moon's  distance 
=p+P-R. 

If  we  ,call  the  apparent  radius  of  the 
moon  r,  then  when  the  moon  is  just  in 


contact  with  the  shadow,  but  without  if, 
the  angular  distance  of  her  centre  from 
the  centre  of  the  shadow,  will  be  this 
quantity  increased  by  her  apparent 
radius,  or  p+P+r— R:  at  this  dis- 
iance  therefore  she  will  just  be  in  con- 
tact with  the  shadow,  or  there  will  be  that 
^lescription  of  eclipse  which  is  called  an 
appulse  of  the  moon ;  and  if  her  distance 
be  greater  than  this,  she  will  not  be 
eclipsed.  In  the  same  manner,  when  she 
is  just  in  contact  with  the  shadow,  but 
within  it,  the  angular  distance  of  her  cen- 
tre from  the  centre  of  the  shadow  is  the 
apparent  radius  of  the  shadow  dimi- 
nished by  her  apparent  radius ;  or  it  is 
|>+  P — R  -  r.  This  therefore  is  her  dis- 
jtance  when  she  is  just  totally  eclipsed. 

The  farther  the  sun  is  from  the  earth, 
the  more  slowly  do  the  lines  joining 
them,  or  the  boundaries  of  the  shadow 
approach  each  other,  and  the  larger 
therefore  is  the  shadow  at  the  moon's 
distance:  and  besides  this,  the  nearer 
the  moon  is  to  the  earth,  the  larger,  all 
other  Uiings  continuing  the  same,  is  the 
part  of  the  shadow  through  which  she 
passes.  On  both  accounts,  the  dura- 
tion of  an  eclipse  is  greatest,  when  the 
moon  is  at  the  least,  and  the  sun  at  the 
greatest   distance*. 

*  [The  same  retulta  mmy  thus  be  mors  stricUy  de- 
duced. The  values  of  all  Uie  quantities,  p-f-P— R, 
p^T-^-r^R,  p-^T-^n—r,  vary  with  the  varying 
distances  of  the  sun  and  moon  item  the  earth; 
for  both  the  horlsontal  parallax  and  the  appa- 
rent radius  vary  inversely  as  the  distance,  and  con- 
sequently their  sum  and  difference  do  so  also. 
Now  p,  the  moon's  horlsontal  parallax,  is  greater 
than  r,  her  apparent  radios  t  p~r  therefore  is  n 
poaiUve  quanttty.   P,  ibc  sun'i  horlsontal  pank 
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Taking  the^eictr^ffle  values,  the  great-  tnch  ut  eclipie  U  eaied  a  cmtralediiptQ 

est  apparent  radius  of  the  shadow  is  of  of  the  moon.    If,  on  the  eontnuy,  the 

'45'52'M5»  and  the  corresponding:  ap-  node  be  90°  from  this  point,  the  moon» 

parent  radius  of  the  moon  is  16'  5" AS ;  when  in  opposition  to  the  sun,  will  be 

and  the  greatest  distance  from  the  centre  90°  from  the  node,  or  at  her  greatest 

•  of  the  earth*s  shadow,   at  which  tiie  distance  from  the  ecliptic.    Her  centre 

moon  can  possibly  come  in  contact  with  In  this  ease  will  be  upwards  of  5°  from 

it,  is  the  sum  of  these  quantities,  or  62'  the  centre  of  the  shadow,  and  there  will 

d7''.65.    In  the  same  manner,  the  least  be  no  eclipse. 

apparent  radius  of  the  shadow  is  36'       It  is  a  known  property  of  the  sphere^ 

42^.15,  and  the  corresponding  apparent  that  the  shortest  distance  which  can  be 

-radius  of  the  moon  is  of  14'  41%  and  measured  on  its  surface  from  any  point; 

the  least  distance  at  which  the  moon  without  a  given  great  circle  to  that  cirde, 

can  just  be  in  contact  with  the  shadow,  is  the  arc  of  a  secondary  to  that  circle,, 

and  no  more,  is  the  sum  of  these  quanti*  passing  through  the  point.    But  ares  of 

ties,  or  51' 23^15.     If,  therefore,  the  great  circles  measured  from  one  point  on 

moon,    during    her   revolution,    never  Uie  sphere  to  another,  measure  the  an- 

cdmes  so  near  as  62'  3 7". 6 5  to  the  centre  gular  distances  between  those  points  as 

of  the  earth's  shadow,  there  can  be  no  seen' at  the  centre^    Let  then,  ^M-  22, 
eclipse ;  if  she  comes  to  that  distance, 
or  within  it,  there  nay :  if  she  comes 
within  the  dbtance  of  51'23'.15,  there  ^^^^ 

must*.  '  y^ 

Now  the  centre  of  the  earth*s  shadow  /      ^'''''-*-— — -^  j^ 

is  apoint  in  the  line  which  passes  through  ^^•'••J^ 

the  centres  of  the  earth  and  sun ;  and  aft  ^ 

this  line  is  in  the  plane  of  the  ecliptio, 

the  centre  of  the  earth's  shadow  wifl  be  NM  represent  a  portion  of  the  moon's 

in  the  duwUon  of  a  point  m  the  ecliptic,  orbit,  N  E  a  portfon  of  the  ecliptic,  N. 

directly  opposite  to  the  centre  of  the  of  course,  being  the  node ;  and  let  E  hi 

sun.    This  direction  being,  thus  ascer-  the  position  of  the  centre  of  the  earth's 

tained.  we  have  only  to  inquire  whether  sha(fcww    Let  EM  be  the  arc  of  a  se- 

this  point  be  witlun  the  required  angular  condary  to  N  M,  drawn  through  E- 

dMtence  of  some  point  in  the  moon's  then  M  is  the  point  in  tlie  circle  N  fi 

orbit  or  not,  to  know  whether  there  may  which  is  nearest  to  E,  and  if  the  moort 

•or  may  not  be  an  eclipse.    It  is  evident  is  not  in  contact  with  the  earth's  shadov^ 

that  this  wiU  depend  on  the  situation  of  when  at  M,  she  never  will  be  so.    If 

the  node  of  the  moon's  orbit    Thus,  if  B  M  is  greater  than  62'  37".65.  she  never 

the  node  happens  to  coincide  with  the  will  be:  if  therefore  we  can  ascertain 

•centre  of  the  earth's  shadow,  the  moon^  what  must  be  the  value  of  N  E  to  cor- 

in  passing  ttirough  that  part  of  her  orbit,  respond  with  this  value  of  E  M,  we  shall 

wiU  pass  through  the  very  centre  of  the  ascertain  how  distant  the  node  may  be 

shadow,  and  bd  totally  eclipsed;  and  from  the  centre  of  the  earth's  shadow  to 

1 — admit  of  there  being  an  eclipse  of  the 

lax,  is  lew  tiian  R,  his  apparent  ndius:  p-E  *^oon.    Now  in  the  spherical  triangle 

therefore  is  negative.    Each  of  the  values  deduced  E  M  N,    the   angle    E  M  N    is   a   right 

increase  vriththe  increase  ofthe  positive  one,  which  IS  tnC  inclination  Of  the  moOn'S  Orblt  tO 

takes  place  M  the  moon's  distance  diminishes,  the  ecliptic,  Or  5®  1 7'  in  its  ffeneral  value. 

and  also  with  the  decrease  of  the  negative  one,  ««/«   tKA   ei^i»  1?  Tdt  ;«  cnf  ofti  el   u     ii 

which  takes  place  as  the  sun*s  distance  increase?.  *"^   *"?.  ^^^^  E  M  IS  62'  37".65   by  the 

When  the  moon*s  distance  is  least  therefore,  and  Supposition.    The  remaining^  sides  and 

SSrf^l»r^'iSro7r^.;k^.Kr.;i'5  ?"«'«  tli««fo«  *»y  b*  computed ;  and 

at  the  beginning  and  end  of  an  eclipse,  and  also  ^"^  resUJt  IS,  that  h  N,  on  that  SUppOsi- 

when  it  begins  and  ceases  to  be  total:  and  the  tion,   is    eoual    to    11°  25' 40"  nparlv* 

-aame  quantities  will  have  their  least  v&lnes  when  ThJ    ^:..-il-    ^«   *•   ;     ti      j-         "Cciny   . 

the  moon'a  distance  is  greueat,  and  the  suu*sdis.  ^^^    Circles    Continually   diverge    from 

*«»?«?  lewt.]  each  other  for  9U» ;  if  therefore  E  N  be 

nitudT.%^t^e'.S;.\^„?*^^^^^^^^^^^  greater  than  this,  EM  will  exceed  6- 

raUaxes  and  apparent  magnitudes,  as  known,  and  37".65,  and  there  Will  be  UO  echose.      If 

have  thence  deduced  the  duraUon  and  clrcnm-  therefore  the  node  be  more  than  1 1°  25' 

suncesofaneclipae.    Conversely,  if  these  be  ob-  

aerved^he  value  of  any  one  of  the  other  elemenU         •  [Bad.  x  sin.  M  K  -  sin.  E  N.  x  sin.  K  N  AT 

Jnvo^vedmay  be  computed  from  the  s«ia«  equa-  orlog.sin.KN  » lo+log-s";.  E  M-log  ;in.ENM 
•"""•'  -I0  +  iog.rtii.«'a7".66-log.al5.6<'ir.3    ■ 


Itl.  i  4.] 


ASIROKOttT. 


%l 


KK'from  the  point  of  the  ecliptic  oppo- 
site to  the  sun,  there  will  be  no  eclipse ; 
and  this  quantity  is  called  in  conse- 
quence the  Ittnco'  ecliptic  limit  In  the 
iame  manner,  if  we  take  £M=  51' 
S3'M5,  we  shall  have  EN  =»  9O20'29'' 
nearly ;  and  as,  if  E  N  be  less  than  this, 
£  M  must  be  less  than  51'  13".l,  because 
the  circles  converge  towards  the  node, 
there  must  be  an  eclipse  if  the  node  be 
not  more  than  9*  20'  29^  from  the  point 
of  the  ecliptic  opposite  to  the  sun.  It 
is  obyious  that  an  eclipse  may  or  must 
take  place  within  these  distances  on  each 
side  of  the  node.  In  intermediate  dis- 
tances the  non-occurrence  or  occurrence 
of  an  eclipse  will  depend  on  the  question, 
whether  or  not  EM  is  greater  than 
p+P+r— R,  the  Talue  of  this  quantity 
being  determined  from  the  horizontal 
paraTlax  and  apparent  radius  of  the  sun 
End  moon  at  the  time  of  the  opposition. 
Having  thus  ascertained  the  cases  iii 

Fix. 


which  there  may  be  a  lunar  eclipse,  we 
might  proceed  to  investigate  the  quan- 
tity of  the  moon  which  would  be  eclipsed 
under  different  circumstances,  and  the 
time  during  which  such  an  eclipse 
would  continue.  Such  an  investigation. 
if  conducted  to  its  utmost  extent,  would 
be  more  elaborate  than  the  purposes  of 
this  treatise  admit:  but  for  common 
purposes  the  difficulty  may  be  in  a  great 
measure  eluded  by  adopting  an  artifiice 
of  compulation  or  representation.  To 
simplify  the  conception  of  the  subject  as 
far  as  possible,  let  us  suppose,  in  the 
first  instance,  that  the  paths  of  the  mootk 
and  the  shadow  are  straight  lines  inter- 
sectingeach  other,  instead  of  great  cir- 
cles. Thus,  in  Jig.  23,  let  M  N  repre- 
sent the  orbit  of  the  moon,  supposed  to 
be  a  straight  line,  E  N  the  path  of  the 
shadow,  supposed  also  to  be  a  straight 
line,  and  N  their  node  or  intersection ; 
and  let  M  and  E  be  the  respective  places 


23. 


y    T 


of  the  moon  and  the  centre  of  the  shadow 
at  the  time  of  opposition.  Let  it  also  be 
supposed  that  the  motions  of  the  moon 
and  shadow  are  uniform ;  and  that  while 
the  moon  moves  through  the  space  M  N, 
the  shadow  moves  through  £  e.  Take 
^  N  n  =  £  e,  and  join  M  n ;  the  line  M  n 
is  80  drawn  that  if  M'  represent  the 
rooon*s  place  at  any  time,  and  E'  the 
place  of  tne  centre  of  the  shadow  at  the 
same  instant,  if  the  line  M'  m  be  drawn 
parallel  to  N  E  to  cut  the  line  M  n,  the 
point  m  is  at  the  same  distance  and  in 
the  same  direction  from  £  that  M'  is 
from  E' ;  or  in  the  same  relative  situa- 
tion to  £  that  the  centre  of  the  moon 
is  to  the  centre  of  the  shadow. 

This  will  at  once  appear  from  the  fol- 
lowing considerations.  The  motions  of 
the  moon  and  shadow  being  uniform, 
whatever  proportion  of  the  space  M  N 
is  described  by  the  moon  in  a  given  time, 
the  same  proportion  of  £  e  is  described 
in  the  same  time :  or 

MM':MN::EE':E  «, 
::BE':Nn,^ 

-CorNfisfif^ 


B  ut  M  N  :  M  M' : :  N  n  :  M'  OT, 
for  N  n,  M'  m  are  paralld*;  and  com- 
nounding  these  proportions,  E  E'  and 
M'  m  are  equal;  they  are  also  parallel; 
and  consequently  E  m  is  equal  and  pa- 
rsdlel  to  £'  M'.  This  conclusion  is  ob- 
viously independent  of  any  particular 
value  of  M  M^ ;  it  is  therefore  generally 
true,  that  the  situation  of  thepoint  m  rela- 
tively to  E,  is  the  same  as'  that  of  the 
moon  with  relation  to  the  centre  of  the 
shadow ;  and  the  phenomena  of  eclipses 
therefore,  which  depend  merely  on  the 
relative  distance  and  direction  of  the 
moon  and  shadow,  and  not  on  their  ab- 
solute situation,  would  be  the  same  if  the 
iihadow  were  at  rest,  and  the  moon 
moved  in  the  supposed  orbit  M  n,  as  they 
really  are.  The  fictitious  orbit  M  n  is  called 
the  moon's  relative  orbits  as  being  her 
orbit  with  relation  to  the  situation  of  the 
shadow  considered  as  a  fixed  point  E. 

The  angle  M  n  £,  at  which  the  relative 
orbit  cuts  the  ediptic,  may  be  very 
easily  computed.  M  E  is  perpendicular 
to  the  ecliptic  N  E,  for  M  and  E  have 
the  same  longitude^  consequently 
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.  EM '      E  M  EM  rdative orbit  is  indiiMd  to  the ecUptio 

1an.MnE=-g--'=«  j^  _  j^^=£j^  jji^*  may  still  be  ascertained  in  the  same 

^  ,    .       ^,„  .  ,.    ,     ^    ^i_  manner,  ifve  only  look  to  the  rate  of 

But  since  ME  w  perpendicular  to  the  ^^^^^^^  j^stead  of  the  actual  space  de- 

echptic.  ME  19  the  moon  s  motion  m  ^^^  j^  ^  considerable  time ;  or  if  we 

latitude,  and  E  N  her  motion  in  Ion-  consider  n,  m.  and  *,  to  represent  the 

gitude  while  she  passes  from  M  to  N,  g^^^  motions  of  the  moon  in  latitude 

and  E  e  is  the  motion  m  longitude  of  ^^  longitude,  and  of  the  sun  in  longi- 

the  centre  of  the  shadow,  which  is  ne-  ^^^^^     %^  ^^is,  modification  however 

cessanly  equal  to  the  motion  in  Ion-  ^^^  ^^^  allow  for  the  variations  which 

gitude  of  the  sun  dunng  the   same  ^^^  pi^ce  in  the  motions  of  the  sun 

^°?-x  J^.  *^*^5®^°'S  *,*^®  T^"  *  ?°^^^°  and  moon,  and  in  the  manner  in  which 

m  latitude  be  called  n,  her  motion  in  ^^at  of  the  latter  body  is  decomposed 

longitude^m,  and  the  sun  s  moUon  m  ^^to  motion  in  longitude  and  latitude, 

longitude *,  tan.  MnE=-^-  '  g"i"«  *  ^«7  ^J^rt  fj^^^"l^"[ 

^  m—s      ^  hour,  or  as  the  duration  of  anedipse: 

These  conclusions  however  require  to  and  Uiese  must  be  taken  into  eonsidera* 
be  modified,  when  aoplied  to  the  case  of  tion  to  give  complete  accuracy  to  the 
the  moon  and  shadow  moving  as  they  computation..  We  need  not  however 
do  in  circular,  not  in  rectilineal,  orbits,  here  enter  into  any  detail  of  these  minute 
The  truth  of  our  former  conclusions  de-  corrections,  but  shall  proceed  to  explain 
pends  on  the  uniform  rate  of  the  moon^s  very  shortly  the  manner  in  which  the 
motion  in  latitude  as  well  as  in  longi-  portion  of  the  lelative  orbit  enables  us 
bide ;  and  this  is  not  the  case  in  the  real  to  represent  the  circumstances  and  com- 
motions. The  relative  orbit  therefore  pute  the  duration  of  an  eclipse, 
has  to  be  ascertained  with  reference  to  In  Jig,  24  let  E  represent  the  position 
the  direction  and  circumstances  of  the  of  the  centre  of  the  earth's  shadow  at 
motion  at  a  particular  period.  the  time  of  the  opposition  of  the  moon. 

For  a  short  time  however,  such  as  that  and  R  r  a  portion  of  the  relative  orbit, 

of  the  continuance  of  an  eclipse,  the  mo-  A  perpendicular  EMt,  let  fall  on  this 

tions  may  be  considered  in  this  case  also  line,  is  the  shortest  line  which  can  be 

as  uniform ;  and  the  angle  at  which  the  drawn  from  E  to  Rr ;  if  this  line  there- 


fore is  greater  than  the  sum  of  the  ap-  scribe  round  E  a  oirde  whose  radius 

parent  radius  of  the  shadow  at  f  ne  bears  the  same  ratio  to  the  line  E  Mi, 

moon's  distance  and  the  apparent  radius  that  the  apparent  radius  of  the  shadow 

of  the  moon,  each  estimated  for  the  does  to  the  .nearest  distance  of  E  from 

time  of  the  opposition,  there  can  be  no  the  relative  orbit,  this  circle  will  repre- 

eclipse  at  all :  if  there  be  an  ecl^»e,  the  sent  the  earth^s  shadow,  and  if  at  the 

depth  of  the  immersion  must  be  greatest  point  Mi  we  describe  a  circle  touching 

at  the  point  M| ;  or  rather  at  the  time  the  circle  described  round  E,  and  whose 

corresponding  to  it,  since  Mi  is  a  point  radius  bears  the  same  ratio  to  the  radius 

in  the  relative  or  imaginary,  and  not  in  of  that  described  round  E,  that  the  ap- 

the  real,  orbit  of  the  mooa    If  we  die-  parent  radivs  of  the  moon  does  to  that 


^■^^ 
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of  the  shadow,  ffiepoint  Ml  win  be  that  SEP,  andifttietsasentsdrawn  in  the 
at  which  the  eclipse  will  begin :  and  a  manner  last  describe,  cut  the  line  S  E 
corresponding  point  on  the  other  side  of  in  Q  (for  they  all  will  evidently  cut  it  in 
Mt  that  at  which  it  will  end.  The  dura*  the  same  point),  thepenumbra  or  partial 
tion  of  the  eclipse  may  hence  be  at  once  shadow  will  be  a  portion  of  a  oone» 
Moertainedy  for  the  motion  in  latitude  whose  vertex  is  Q. 
is  the  same  in  the  relative  and  in  the  real  [If  N  be  the  extreme  point  of  the  pe* 
orbit ;  and  the  latitudes  corresponding  numbra  at  the  moon*s  distance,  we  may 
to  the  beginning  and  end  of  the  eclipse  find  in  the  same  manner  as  before,  the 
bong  ascertain^  from  the  relative  orbit,  apparent  radios  of  the  penumbra,  and 
the  time  at  which  the  moon  is  at  each  deduce  from  it  the  extreme  distance  at 
latitude,  and  consequently  the  interval  which  the  moon  can  pass  through  the 
between  them,  may  be  found  from  the  penumbra  of  the  earth.  Now,  the  angle 
tables  of  her  motions:  or  if  it  be  pre-  N£P=ENQ  +  EQN 
ferred,  the  time  of  describing  a  ^iven  =  £.N  Q  +  SEr  +  QrB 
arc  of  the  relative  orbit  may  be  mde*  ^  p  +  R  +  P, 
pendently  computed*  If  another  circle,  adopting  the  notation  already  used ;  for* 
like  that  described  about  Mi ,  be  de*  as  Q  N  is  a  tangent  to  both  the  sun  and 
•eribed  about  Ms ,  it  will  represent  the  earth,  T  N  Q  is  the  horizontal  parallax 
situation  of  the  moon  at  the  time  of  her  of  N,  a  point  at  the  moon*s  distance,  or 
greatest  immersion ;  and  if  A  be  the  of  the  moon,  Q  r  B  or  T  r  E,  the  hori- 
extremitv  of  the  radius  of  the  shadow  zontal  parallax  of  the  sun,  and  S  E  r» 
along  which  E  Mt  is  measured,  and  B  the  sun*8  apparent  radius.  It  is  obvious 
the  point  in  which  the  inner  limb  of  the  that  the  same  'conclusions  with  respect 
moon  cuts  it,  A  B  is  the  greatest  depth  to  the  effects  of  the  varying  distances  of 
<of  the  immersion,  which  is  generaUy  es-  the  sun  and  moon»  will  take  place  in  thb 
timated  in  digits^  a  term  used  to  express  case  and  the  former.] 
twelfths  of  the  moon*s  diameter.  The  These  computations  are  of  no  veiy 
l>art  of  the  drcle  representing  the  moon,  sreat  importance,  as  we  do  not  consider  a 
which  is  exterior  to  the  circle  described  hinar  ecfipse  to  take  place,  unless  some 
round  £,  will  necessarily  represent  the  part  of  the  moon  is  entirely  darkened.  The 
part  visible  at  the  particular  time;  and  lunar  ecliptic  limits  therefore  are  not 
any  one  who  has  seen  an  eclipse  of  the  affected  by  them.  But  it  is  of  importance 
moon  will  at  once  recognize  the  figure,  to  observe  that  the  penumbra  does  exist, 
as  correctly  exhibiting  at  Ms  the  man-  and  that  in  proportion  as  the  moon  is 
ner  in  which  the  exterior  limb  some*  nearer  the  absolute  shadow,  the  propor- 
times  falls  short  of,  and  at  Ma  that  in  tion  of  the  sun  obscured  to  her  is  in* 
which  it  sometimes  exceeds  a  semicircle,  creased.  The  penumbra  therefore  in- 
instead  of  being  always,  as  in  the  phases  creases  in  depth,  or  the  brilliancy  of  the 
of  the  moon,  an  exact  semicircle,  how*  moon  diminishes,  as  we  approach  the 
ever  broad  or  narrow  the  part  of  the  boundary  of  the  dark  part  of  the  moon ; 
disk  exposed  may  l)e.  and  this  appearance  may  actudly  be 
We  nave  hitherto  spoken  of  the  sha-  observed  during  a  lunar  eclipse,  the  bril- 
dow  as  conical ;  and  it  is  true  that  the  liancy  of  the  moon  decreasing  near  the 
portion  of  space  within  which  the  earth  part  which  has  disappeared, 
will  entirely  conceal  the  sun  is  so.  But  There  is  however  genendly  some  light 
it  is  dear,  that  there  will  be  another  por-  discernible  on  the  whole  face  of  the 
tion  within  which  part  of  the  sun  will  moon,  even  during  a  total  eclipse.  We 
be  concealed.  If  a  common  taa^nt  be  have  already  seen  that  in  the  case  of  the 
drawn  to  the  sun  and  earth,  crossing  the  occultation  of  a  star  by  the  moon,  the 
line  which  joins  their  centres,  as  the  line  rays  of  that  star  must,  if  the  moon  have 
in  figure  21,  which  passes  from  a  point  any  refracting  atmosphere,  be  bent  to- 
very  near  r  to  another  very  near  the  point  wards  the  earth.  Exactly  in  the  same 
T,  and  thence  to  N,  it  is  clear  that  the  manner,  the  rays  of  the  sun  in  passing 
point  r  will  be  invisible  at  every  spot  through  the  earth*s  atmosphere  are  ao- 
between  E  P  and  the  line  T  N,  and  that  tually  bent  towards  the  moon ;  and  some 
consequently  through  this  whole  space,  of  them  reach  it,  even  when  the  earth  is 
some  part  of  the  sun  will  be  concealed,  directly  interposed  between  her  and  the 
or  there  wiU  be  a  partial  shadow  even  sun,  so  as  to  prevent  her  from  receiv- 
beyond  the  line  T  M  P,  within  which  the  ing  any  light  independently  of  this  in« 
darkness  is  complete.  This  also  will  be  flexion  of  the  rays.  The  consequence  is 
4he  ci^  alike  on  every  side  of  the  line  that  in  most  eoupses  the  obscured  part 


'ofth«niMn!6iMireorfMlifiilill]rvi8ibl«v  observer' and fpart»  cvihe  whole,  of 

The  degree  in  which  this  takes  place  his  surface;  just  as  he  is  concealed,  to 

depends  much  on  the  general  state  of  use  a  more  familiar  instance,  behind  a 

the  earth's    atmosphere  at  the  timet  cloud  which  happens  to  pass  over  him. 

The  red  rays,  having  the  greateat  mo*  but  concealed  only  at  those  places  wherf 

mentum'(Optics,  p.  6fl),  are  those  which  the  cloud  does  so.    The  sun's  parallax 

principally  find  their  way  to  the  moon,  is  very  small,  and  all  observers  there* 

I'hus,  in  the  eclipse  of  September  2d^  fore  see  him  in  very  nearly  the  same 

1830,  the  moon,  when  she  was  not  eon*  point  of  the  heavens:  the  moon  s  pa- 

cealed  by  clouds,  as  was  the  ease  in  rallax  is   considerable,   and   different 

London,  appeared  of  a  dee|)  blood-red  observers  therefore  see  her  in  points 

colour,  even  during  the  period  of  the  considerably  distant  from  each  other, 

greatest  obscuration.  The    appearances    therefore    will    be 

Having  thus  seen  the  general  nature  different  in  different  places,  and  the 

6f  the  lunas^  we  proceed  to  the  exami-  duration,  extent,  &c.  of  a  solar  eclipse 

nation  of  solar  eclipses.    There  are  some  will  differ   accordingly,    and  must  be 

eonsiderations  common  to  both,  which  computed  for  the  particular  places  at 

will  more  fitly  find  a  place  after  those  which  the  eclipse  is  to  be  observed, 

peculiar   to   solar  eclipses   are .  gone  The  difficulties  of  these  computations 

through.  are  very  considerable;    but,  omitting 

III.  There  is  one  veiry  material  dis*  them»  we  may  proceed  to  give  the  same 

tinction  between  these  and  eclipses  of  sort  of  account  as  before  of  the  limits 

the  moon.    In  an  eclipse  of  the  moon,  within  which  a  solar  eclipse  can  take 

as  we  have  seen,  her  disk,  or  part  of  it,  p^ace,  and  to  state  some  of  the  principal 

is  absolutely  deprived  of  light,  and  it  circumstances  affectinj^  it. 
consequently  disappears   alike   to   all        For  this  purpose,  in  fig.  25,  let  the 

observers.    The  sun  however  is  a  body  circle,  whose  cenh*e  is  S,  represent  the 

iuminous  in  itself,  and  does  not  cease  to  sun';  that  whose  centre  is  E,  the  earth) 

be  so  on  account  of  the  interposition  of  and  let  R  T  be  a  common  tangent  to 

another  bocfy,  as  the  moon :  he  is  only  them,  which  does  not  cut  the  line,  S  E^ 

fMirtially  or  entirely  concealed  as  the  which  joins  their  centre.    Let  the  circle* 

noon^  happens  to  interpose  between  the  whose  centre  is  M,  and  which  touches  the 


Ime  RT  on  the  outside  with  respect  to  be  from  the  line  joining  the  earth  $xiA 
S  E,  represent  the  moon*  It  is  evident  sun,  when  a  solar  eclipse  takes  place ; 
that  this  position  of  the  moon  will  be  and  if  we  can  ascertam  its  value,  we 
that  most  distant  from  £  S,  at  which  can  find  from  it  the  solar  ecliptic  limite. 
a  solar  eclipse  can  take  place ;  for  at  Now  the  angle  MESsMQS — QSK 
T  the  moon  appears  just  to  come  in  con-  s=MTQ+Q  MT  —  Q  S  E 
tact  with  the  sun,  orat  Tthereisaa  «=MTN+RTS+EMT-TSE 
appuise  of  the  moon  to  the  sun ;  but  at  s=r+R+p — P  very  nearly,  adopting 
every  other  point  of  the  earth's  surtace  the  notation  formerly  used :  for  M  TN  is 
the  sun  is  seen  entirely  clear  from  the  evidently  the  apparent  radius  of  the 
moon :  if  the  moon  be  farther  from  8  £  moon,  and  R  T  S  that  of  the  sun,  as 
than  its  position  at  M,  then  she  is  not  in  seen  from  T ;  £  M  T  also  is  the  parallax 
contact  with  the  sun  even  at  T,  and  of  the  point  M ;  and  as  RN  T  is  a  tan- 
clearly  nowhere  else :  if  she  is  nearer,  gent  to  the  earth  at  T,  it  is  in  the  plane 
then  she  obscures  more  of  the  sun  from  of  the  horizon  there,  and  the  altitude  of 
-T,  and  part  of  it  from  portions  of  the  the  point  M  above  the  horizon  is  only 
earth  between  T  and  A.  The  angle  the  angle  M  T  N,  or  tlie  apparent  ra- 
ME8  therefore  represents  the  greatest  dius  of  the  moon  ;  the  parallax  of  M 
angular  distance  at  which  the  mooa  oaa  tfaereiiore  will  difitr  unperceptibly  from 
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th«  homontal  pnalUx  of  the  ve^owk:  H«ioe, iAth6iMl•«>MH)a^a8b6for6^' 
and  the  angle  Q  S  £,  or  T  S  £»  is  evi-  ve  may  find  the  solar  ecliptic  limits, 
dently  the  parallax,  of  the  point  S,  a  The  only  difference  will  be  that  th» 
point  only  depressed  below  the  horizon  point  £  (in  j^.  32),  instead  of  repre- 
py  the  angle  R  T  8,  t)ie  apparent  radius  senting  the  place  of  the  centre  of  the^ 
of  the  sun,  and  therefore  differing  earth*sshadow»  as  referred  to  the  ecliptic* 
imperceptibly  from  the  horizontal  pa-  ivill  now  represent  the  sun*s  place  in 
railax  ot  the  sun.  the  ecliptic ;   and  that  the  arc  £  Mt  if 

It  is  however  neeessary  to  observe^  'm  yte  want  to  ascertain  the  solar  ecliptic 

using  these  results,  that  the  apparent  limits,  beyond  which  there  can  be  no 

radius  of  the  moon  is  not  its  true  ap«  eclipse,  will  be  1°  34'  23".2 ;  or  if  we 

parent  radius,  or  that  which  it  would  want  to  ascertain  the  limit  within  which 

have  if  seen  from  £,  but  that  observed  there  must  be  an  eclipse,  it  will  be 

from  T,  a  quantity  diiffering  from  it  as  1^  23'  15".    The  solar  ecliptic  limit,  as 

we  have  seen  before  (p.'.62.  n),  in  the  computed  on  the  first  supposition,  i9 

proportion  of  the  distances  £  M,  T  M.  17''  2V  27' f ;    as  computed  from  the 

It  is  evident  that  the  value  of  the  second  it  would  be  15°  14'  47'':  and  in 

angle  in  question  will  be  greatest  when  this  oaae,  as  in  that  of  lunar  edipsef 

the  distaqces  l)oth  of  the  moop  and  sun  before,  it  is  plain  that  these  distancea 

are  least;  for  then  both  the  moon  and  must  be  measured  on  both  sides  of  the 

sun   occupy   the  greatest   angle,  and  node,  to  find  the  whole  space  within 

therefore  interfere  with  each  other  at  which  an  eclipse  can  or  must  happen* 

the  greiUest  distance  \    If  we  take  the  Whenever  therefore  the  sun  is  more 

greatest  values  of  aH  the   quantities  than  17°  21'  27''  from  the  node,  therf 

involved,  we    shall  find  the  value  of  can  be  no  solar  eclipse ;  when  he  is  be- 

M  £S  to  be  1°  34'  23".2  veiy  nearly ;  tweenihat  distapeeand  15°  14'  47''  from 

and  when  the  moon's  centre  therefore  it,  there  may ;  when  he  is  at  or  within 

IS  at  this  distance  from  the  line  joining  15°  14'  47'^  from  it,  there  must 

the  earth  and  sun,  there  may  he  a  solar  Such  are  the  circumstances  on  which 

eclipse:  if  we  take  their  least  values,  the  possibility  of  a  solar  eclipse  de- 

we  shall  find  M£S  to  be  1°  23'  15'^  pends^  It  would  be  attended  with  much 

nearly ;  and  if  the  moon*8  centre  be  more  difiiculty  than  would  be  consistent 

within  this  distance  from  the  same  line^  with  the  object  of  this  treatise  to  go  into 

there  must  be  a  solar  eclipsot    Between  any  details  with  respect  to  the  compu- 

these  limits  there  may  or  may  not,  as  tations  necessary  to  ascertain  the  length 

the  case  may  happen,  and  magnitude  of  solar.eclipsest;  but 

: [ -» 

*  [At  before,   (p.  88.  a.)  tL—'P  !•  a  po«ltif«  eeHpM,  «t  any  paitlcnlar  place  on  ttie  eartlik 

41iuntity,  and  the  whole  exprenlon  Uierefore  ki  surface,  la  aaccrtalned,  and  ajao  ita  durmtloa. 

made  up  of  poBitive  quantities,  each  varyinf  in-  For  this  purpose.  In  fig.  26,  let  the  circles,  whose 

versely  as  the  distance.]  eentres  are  £  and  S,  represent  the  earth  and  mih 

i  It  ia  however  of  Importance  to  point  oot  ge-  as  hefore»  and  let  T  he  the  point  on  the  earth'to 

serally  the  manner  in  which  the  poesibiUty  of  an  aurface,  wiUi  respect  to  which  the  oomputaUong 


are  to  be  made.    Draw  T  R  a  Uoirent  to  the  ma,  an  end  at  T  when  the  moon  haa  paated  completely 

and  it  is  evident  that  the  eclipse  will  commence  at  beyond,  or,  as  the  flffure  is  drawn,  below  it  -,  and 

T,  as  soon  as  the  moon,  which  is  represented,  as  her  situation  then  will  be  comput&Mc  in  the  same 

before,  by  the  circle  whose  centre  is  M,  eomes  In  manner.    Her  pOHition  at  each  time  being  known, 

contact  with  the  line  T  R.    In  this  case,  as  before,  the  arc  which  she  describes  in  the  interval  «i 

the  moon's  distance  from  the  line  joining  the  enrth  known  also,  and  consequently  the  rate    of  her 

and  son,  or  the  angle  MES  —  1ITN4-RT84-  motion  being  known,  the  time  which  she  takes  to 

EMT— TS  K -r-f  R-^p'  — F,  ifn'andP'ra-  describe   it,   or  the  duration  of  the  eellpae,  b 

present  the  parallaxes  of  tne  moon  and  sun  at  the  known. 

point  T  respectively,  instead  of  the  horizontal  pa-  We  have   no  occasion  to  enter  Into  any  ac- 

rallazes.    This  angle  being  known,  the  situation  count  of  the  manner  In  which  these  eompntatlona 

of  the  moon  at  the  time  of  the  commencement  of  are  made }  they  evidenUy  depend  ultirontely  on 

the   eclipse  may  be  ascertained.      In  the  same  the  apparent  magnitudes  of  the  sun  and  roofin* 

inaiin«r,  if  we  snppose  a  tangent  drawn  Arom  T  to  qaantities  which  may  be  ObfCrrtdy  CDd  the  ^Ufet* 

the  pppoeite  tide  of  the  •uoi  the  ecllpM  wiU  b«  at  cace  9(  (b«ir  paraliMMi 


9ft                                           ASTRONOMY.  [lir*  5  ^  • 

^  few  more  |B;eneral  eonsiderations  will  that  distance  Is  greatest,  for  then  the 
be  sufficient  to  illostrate  the  manner  in  boundaries  of  the  shadow  converge  least 
which  they  vaiy,  according 'to  the  dif-  rapidly;  and  least  when  it  is*least»  for 
ferent  situations  of  different  observers;  then  they  converge  quickest '  But  this 
and  to  show  how  materially  their  ap-  distance  at  the  time  of  an  eclipse  is  the 
pearances  may  also  vary,  according  to  excess  of  the  sun's  distance  from  the 
the  different  distances  of  the  sun  and  earth  over  that  of  the  moon ;  for  the 
moon.  moon  is  then  between  the  sun  and  the 
For  this  purpose,  let  us  refer  again  to  earth :  it  is  therefore  greatest  when  the 
^.'21;  but  let  us   now  suppose  the  sun's  distance  is  great^t,  and  the  moon*s 
curcle,  whose  centre  is  £,  to  represent  least,  or  when  the  sun  is  in  apogee,  and 
the  moon  instead  of  the  earth.     It  is  the  moon  in  perigee;  and  it  is  least  when 
obvious  that  the  moon*s  complete  sha-  the  sun  is  at  his  least  distance,  and  the 
dow  will  be  represented,  in  this  case,  as  moon  at  her  greatest,  or  the  sun  in  peri* 
the  earth's  was  before,  bv  the  conical  gee  and  the  moon  in  apogee.    The  ex- 
figure  T  P  ^,  and  that  the  line  T  N  treme  values  of  the  length  of  the  shadow 
will   represent  the   boundary   of  the  are  59.73  times  the  earth's  radius,  and 
penumbra  of  the  moon,  and  there  will  57.76  times  the  earth's  radius.'^  In  the 
of  course  be  a  similar  boundary  of  pen-  former  case,  when  the  moon  is  in  pen- 
umbra at  the  same  distance  Ddow  the  gee,  her  distance  firom  the  centre  of 
line  S  P.     By  the  same  considerations  the  earth  is  only  55.9  of  the  earth's 
therefore,  which  we  before  used,  at  any  radius ;  the  eailh  therefore  is  nearer 
point  between  the  lines  T  P  and  P  £  to  her  than  the  extremity  of  her  com- 
the  sun  will  be  entirely,  at  any  point  plete  shadow,  and  consequently  there 
between  T  P  and  T  N  he  will  be  par-  may  be  some  part  of  the  earth  within 
tially,  hid  by  the  moon.    At  aiw  point  the  shadow,  and  at  that  part  there  will 
therefore  between  T  P  and  P  E,  there  be  a  total  eclipse.     In  the  latter  case, 
will  be  a  total  eclipse:   at  any  point  when  themoon  is  in  apogee,  her  distance 
between  T  P  and  T  N  there  will  be  a  from  the  earth  is  63.87  times  the  earth's 
partial  eclipse  of  the  sun ;   for  some  radius.    The  earth  therefore  is  at  a  dis- 
part of  his  surface  will  be  actually  con-  tance  greater  than  the  extremity  of  the 
cealed  firom  the  observer,  and   that  shadow,  and  therefore  there  can  be  no 
constitutes  an  eclipse.    If  we  suppose  total  eclipse,  although  there  may  be  an 
ttie  line  S  P  prolonged  beyond  P,  the  annular  one.    It  is  evident  that  corre- 
central  parts  of  the  sun  will  be  concealed  spending  calculations  must  be  made  for 
from  an  observer  situated  in  that  pro-  intermediate  distances  of  the  sun  and 
longation ;  but  it  is  evident  tiiat  he  will  moon,'  to  know  exactly  when  a  total 
then  see  part  of  the  sun  above  T,  and  eclipse  is  possible,  and  when  it  is  not  so. 
below  i;  and  as  the  figure  may  repre*  It  is  .however  clear  that  whenever  the 
sent  the  section  of  the  sun  and  moon  apparent  diameter  of  the  sun  exceeds 
made  by  any  plane  passing  through  the  that  of  the  moon,  there  can  be  no  total 
centres  of  both  of  them,  the  same  result  eclipse ;  when  it  is  less  there  can  be  no 
will  follow  in  the  case  of  every  such  annular  eclipse, 
plane,    and  there    will    therefore    be  Again,  taking  the  extreme  case  when 
a  ring  of  light  surirounding  the  moon,  the  sun  is  in  apogee  and  the  moon  is  in 
In  this  case,  the  rin^  will  be  bounded  prigee,  the  length  of  the  moon's  shadow 
by  two  concentric  circles,  the  centre  of  is  only  59.73  times  the  earth's  radius ; 
the  sun  and  moon  being  in  the  same  line  and  as  the  distance  of  their  centres  is 
as  the  observer;  but  there  may  l>e  a  55.9  of  the  same  quantity,  the  distance 
ring  when  the  observer  is  not  accurately  of  the  earth's  centre  from  the  extremity 
in  the  prolongation  of  the  line  joining  of  the  shadow  will  be  only  3.83  times 
these  centres,  if  he  be  so  little  out  of  it,  the  eai-th's  radius,  or  the  distance  of 
that  he  still  is  able  to  see  part  of  the  sun  the  part  of  the  earth    most   distant 
on  every  side  of  the  moon,  though  more  from  that  extremity  will  be  4 .  83  times 
on  one  side  than  on  the  other.  An  eclipse  the  earth's  radius.  The  radius  of  the  sha- 
taking  place  under  these  .circumstances,  dow  at  that  point  therefore  (which  will 
is  called  an  annular  eclipse,  from  the  be  to  the  radius  of  the  moon  in  the 
Jj9im  word  (mnuiut,  a  ring.  proportion  of  their  distances  from  the 
The  actual  magnitude  of  the  sun  and  4.83 
moon  being  invariable,  the  length  of  the  pomt   of  the  shadow)  will  be  — -- 
moon's  shadow  depends  on  their  dis-  i 
tancci  and  is  of  .^urse  greatest  when  moon's  radius,  or  less  than  .-  of  the 


m,j5.]                          ASTRONOMY.  ly 

moon's  rafiar,  and  aa  tiie  moon's  radius  deduced  with  Mspeet  to  eveiy  other  sort 

{.  »„i.  .k^.u  *   -r  tk-  ^^v.    4fc:.  of  eclipse,  annular  or  partial.  Inthelat- 

u  only  about  j^  of  the  earths,  this  tercaJe.  the  place  of  Observation  is  only 

.„  .     ,       ..        1     ,  ..  within  the  penumbra  of  the  moon,  and 

quantity  will  be  less  than  jj  of  the  agreateror  smaller  part  of  the  sun  will 

earth's  radius.    Its  moi«  accurate  value  ^  hidden,  as  the  pUce  of  observation 

X  '3  l<*s  or  more  ronote  fix>m  the  centre 

w  45  34342   o'  -022054  of  the  radius,  of  the  shadow ;  the  quantity  of  obscura- 

TTierifore  the  portion  of  the  earth's  sur-  *'<"»  ?*"  ihenion  be  different  for  dif- 

face  at  which  the  eclipse  is  total  at  the  "^?*  P'«^' 

same  moment  cannot  exceed  a  circle  Since  so  many  cncmnstances  are  ne- 

whose  radius  U  .022054  of  that  of  the  CM»«y  J®  produce  a  total  or  an  anmilax 

earth,  or  about  eighty-eight  miles;  if  fcl'Pf.ti>e»  occurrmce  at  any  partjcu- 

the  part  of  the  earth  wh^  the  shadow  arphice  is  necessarily  very  rm.    The 

falls  be  supposed  to  be  that  nearest  to  \^  ^'>^  '^^  ^^^^  ,^.**''*^  Pi*** 

the  moon,  that  is,  when  the  axis  of  the  ™  ^'^^'^  ™/P^'  "'*  =  i"**  1^«»« 

•  shadow  prolonged  passes  through  the  ".«*  "°' °f"  ^^    «*5",°°®-^lu    *I?S? 

centre  oAhe  eiith.  But  if  the  «£tre  of  «^^  "^J'™.?''-  ^^'r^  the  29th 

the  earth  be  not  directly  in  the  line  join-  j:"!"™'  »*  Philosophiaa  Transactions, 

ing  the  centres  of  the  sun  and  moon,  the  J?"  «•;«»  » *''?"°"»,»??,  f"""**  ^escnp- 

point  where  this  shadow  meets  the  earth  *""*  "  ™  ^}V»>  <»'  V I*  5./^  **>?* ."» 

will  be  more  remote  from  the  moon  than  jj*'  *  valuable  account,  ^  Madaunn.  m 

we  have  supposed,  and  the  radius  of  the  *"«  »?™«  ^,?'''^  o'  the  phenomena  of  an 

shadow  thereMess.    In  this  case,  how-  SP^J"  «f>»P*^  '*'«•»  I«  '^^^ 

ever,  the  section  of  the  shadow  by  the  f  <l«»«>urgh  on  February  18. 1737.    The 

surface  of  the  earth  will  be  oWique  to  darkness  m  each  case  was  considerable; 

the  axis  of  the  shadow  i  and  thequan-  "»  *«  former  so  great,  that  the  pla- 

tily  of  the  earth's  surface,  from  which  llf*'/ig»*f '  **i™V'  ""^  Y??"k'  "^ 

the  sun  is  completely  hidden,  wUl  con-  *''«  **«»  stars  Capelk  and  Aldebaran, 

sequently  also  U  inieased.    It  is  evi-  *P?«^  =  ™  **»«  ^*«['  ""'^  ^*"'"  "I!" 

deSt,  however,  that  in  this  case  it  is  <hshnctly  observed,  though  some  ob- 

only  a  small  part  of  the  earths  surface  »f "«"  "«»"«'\*  "^^  peweived  other 

at  which  the  Iclipse  can  be  total.  .»'*"' ««?  ""f  *5»*  ^e  recognized  stars 

The  whole  region  of  the  earth,  how-  "»  }^.  ^^J*'*   ^««'-      Maclaunn  was 

.  ever,  where  the  eclipse  may  be  total  is  IT"?"'"?*'  ^^S  ?«>««;»  »"'«'  edipse,  and 

greater  than  we  haw  hitherto  stated  it  ^!«*  "J*  ««*«  "^  »'  **"»«  observations 

to  be.    The  moon  is  in  motion,  and  the  "?,,  i,    •     lu          i  •    j  '         n 

centre  of  her  shadow  consequently  moves  ^.  ^-  P^l  *"«  «!»«»««  generally 

also;  if  it  faUs  therefore  upin  the  earths  *«   "*»«'«  '^♦»V9^,  ""'^  "»<*  .'"»" 

surfilce,  it  will  move  alonTa  certain  line  «hpses  we  proceed  to  some  considered 

on  the  earths  surface,  and  the  complete  *'T  ^^^  '°«*  '''?*  ^«- ., 

shadow  will  move  along  a  zone  or  belt  ,,^'  *«  'jl"  •«^'P*'«  •""'**   ««*«* 

of  that  surface,  and  the  eclipse  wiU  be  «J«  1™".  there  must  be  more  echpses 

total,  though  at  dilTerent  tiiies.  to  the  »*  ♦»>«  ««■»  ^  ?»f  ^  "o*"*-  '.  ^ut 

inhabitants  of  different  parts  within  this  cveiy  eclii»e  of  the   moon  is  visible 

belt.    The  whole  of  this  belt  however.  whenCTw  the  moon  is  above  the  hon 

for  the  reason  above  stated,  can  evi-  *on  at  the  tune  when  it  takes  place;  that 

dently  be  but  a  small  portion  of  the    

entire  surface  of  the  earth.  I"  tt*  former  caw,  the  lon'i  apporcDt  dluneter  i» 

We  see  then  tiiat  tiie  time  at  which  a  JSX?S''»^."?i.d!ff«.«.rs'iJ!!r.i2l* 

total  eclipse  takes  place  will  be  different  fore,  it  the  arc  through  which  the  moon  may 

at  the  different  places  where  it  is  ob-  5,r*H!:iJl!i?*^l!PK"*  ~S?S^^^ 

t,         »A     J  *^   ..           1          .11  i_      »■*  tity,  howerer,  which  ought  to  oe  a  lUUe  alminlaB- 

servable.      Its  duration  also  will  be  dlf-  «<!»  to  allow  the  luminous  ring  to  be  distinctly 

ferent,  as  the  centre  of  the  shadow,  op  'ormed  all  round  the  moon.    The  greatest  dura. 

A..1..  I    »»«»  w%».^*«  -»«•♦  o.r  ;♦    «%a.«A<i  tlonofatotal  eclipse  Is  when  the  sun's  apparent 

only  a  more  remote  part  of  it,  passes  diameter  is  the  least  car  ao"),  and  the  moon** 

over  the   spot.     It  can   never  continue  the  greatest  possible  (33'  Si'').     The  dlirereuce, 

total    at  anv  narticular  nlace    for  more  therefore,  or  2*  1",  is  the  arc  through  which  the 

loiai,  ai  any  panicuiar  piaoe,  lor  more  ^^^^  ^^^  ^^^^  ^l^j,^  ^^^  eclipse  continues  total. 

than  7°*  38* ;  nor  be  annular  for  more  The  duration  of   the  greatest  annular  therefore 

than  12"  24«  •.     Similar  results  may  be  exceeds  that  of  the  greatest  total  eclipse  :  and  the 

'  more,  because  the  moon  in  the  former  case  being 

at  the  greatest,  and  in  the  latter  at  her  least  dl>- 

*  The  greatest  possible  duration  of  an  annular  Unce,  her  angular  velocity  wiU  bf  loa  la  the 

««ilpft iitc«M«Uycawwjtolhft(  of  »  total  tdlpMi  former tliaii in thtlfttteroue.                              ^ 

H 
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ii»tohtirthe  furbapf  the  whole  earth;  W  25'  46^'  ef  Ufe  nofcr  nrf  if  themn 
and  as  she  is  above  the  horixon  of  each  not,  there  can  be  no  lunar  eclipse,  for 
particular  place  as  long,  durinsr  the  year,  the  centre  of  the  shadow  is  always  et- 
as she  is  below  it,  or  very  nearly  so,  she  actly  opposite  the  sun,  and  therefore 
will  everywhere,  upon  an  average,  be  in  at  tiW  same  Astanee  from  one  node  that 
an^  particular  part  of  her  orbit  as  often  he  is  from  the  other.    In  the  same 
while  above  as  while  below  the  horisoB,  manner  there  never  can  be  two  lunar 
and  thus  half  her  eclipses,  on  an  averaf^  celipies  near  the  same  nede,  for  if  the 
will  be  visible  to  an  observer  whereso^  moon  is  eclipsed  at  one  full  moon^  the 
ever  situated.    In  the  case  oC  the  sun,  centre  of  the  sh^xfow  cannot  then  be 
however,  we  have  seen  that  it  may  very  more  than  11^  25'  40"  either  before  or 
well   happen,  that   there  rai^  be  an  behind  the  txode :  at  the  succeeding  or 
eclipse,  yet  that  it  may  not  be  visible  at  preceding  full  tnoon,  the  sun,  anacon^ 
many  places  where  he  is  above  the  ho-  iequently  the  centre  of  the  shadow,  wilt 
rizon.    Thus,  taking  the  ftgure  25,  at  h$ve    been   2U^  6'  from  this  position» 
the  point  T  there  is  that  sort  of  eclipse  (For  that  is  the  space  through  «hich| 
called  an  appulse ;  and  the  sun  is  then  at  his  me»h  rate  of  motion,  he  moves 
on  the  horizon.  He  is  above  the  horizon  in  the   synodic  period  of  the  mQon.Ji 
everywhere  from  T  to  A,  and  aarain  be-  and  will  therefore  be  at  least  1 7^  40'  20^ 
yond  A  to  the  point  corresponding  to  Ti  from  the  node,  oi*  beyond  the  lunar 
or  the  other  sioe :  yet,  to  none  of  these  ecliptic   )imit,   and   n6   Second   lunar 
places  is  he  eclipsed.    The  same  con-  eclipse  therefore  will  lake  place.     In 
elusions  apply  in  different  degrees  to  the  same  manner,  there  cannot  be  three 
different  cases  of  eclipses ;  and  the  con**  solar  eclipses  neat  the  s^me  node ;  for 
se(|uenee  is,    not   only  that   half  the  the  first  cannot  take  place  till  he  is 
eclipses  of  the  sun,  on  an  average,  take  within  17^  21'  27^*  of  the  node,  and  as, 
place  while  he  is  below  the  horizon  of  before  the  next  new  moop,  he  must  have 
tiny  particular  place ;  but  that,  of  those  moved  through  about  29^  6',  the  second 
which  take  place  while  he  is  abpre  it,  cannot  take  place  till  he  is  at  least 
many    are  not  visible  there.     Hence,  11^  44^  33''  beyond  It:  and  the  thir4 
though  the  wholenumber  of  solar  eclipses  new  moon  will  not  be  till  he  is  29^  6' 
exceeds  that  of  lunar,  the  number  visible  beyond  this  place,  or  far  be)^ond  the 
at  any  particular  place  falls  short  of  it.  soiar  ecliptic  limits.    There  will  there- 
The  number  of  eclipses  which  take  fore  be  no  third  solar  eclipse.    And  of 
place  in  any  particular  year,  and  still  course,  if  on  the  occurrence  of  the  first, 
more  the  number  visible  at  any  particular  solar  eclipse,  he  be  nearer  the  node  than 
place  cannot  be  accurately  ascertained,  we  have  duppoded  him,  or  beyond  it, 
except  by  calculation,  for  the  particular  these  conclusions  are  only  strengtheneo. . 
year  and  place,  fiut  we  can  tell,  by  very  Again,  when  there  are  two  solar  edipses 
simple  considerations,  what  is  the  great-  near  the  node,  there  tnust  be  a  lunar 
est,  and   what   the  least   numl:^  of  eclipse  between  them :  for  as  the  solar 
eclipses,  which  can  happen  in  any  year,  eclip^  cannot  taie  place  unless  the  sun 
and  of  what  nature  such  eclipses  must  l)e,  be  ifyithin  17^  2  r  t7"  of  one  node,  at 
It  is  plain  that  there  must  be  at  least  the  full  moon  preceding  dr  following  it 
one  solar  eclinse  when  the  sun  is  near  the  sun  ii^ill  be  14^  33"  from  that  pomt» 
the  node.    The  whole  distapos  within  or  within  2^  48'  %7^  of  the  node,  and  of 
which  there  must  be  one  is  15^  14'  47"  course  the  centre  of  the  shadow  at  th^ 
on  each  side  of  the  node,  or  30°  29'  34"  same  distance  from  the  opposite  node, 
in  all,  and  the  sun  is  more  than  a  lunai:  far  witilin  the  lunar  ecliptic  limits ;  or 
month  moving  through  this  space ;  and  there  will  necessarily  qe  a  lunar  eclipse, 
consequently  there  must  be  one  new  In  the  same  mafan^r,  if  there  be  a  lunar 
moon,  and  may  be  two,  while  he  ii  eclipse  at  tiie  node,  there  must  be  at 
withm  16°  14'  47"  of  the  node,  and  thus  least  one  solar  eclipSethete  also:  for  at  the 
there  must  be  one  solar  eclipse,  and  lunar  eclipse,  the  tnoon  must  be  within 
there  may  be  two.    There  need  not  be  11°  25' 40''  of  the  node,  and  the  sun 
any  lunav  edipse  there,  for  the  lunar  within  the  same  distance  of  the  opposite 
ecliptic limitswithinwhichtherecanl>eaii  node,  and  therefore,  at  the  precedmg  or 
eclii>se,beingonly11°25'40''oneaehside  succeeding  new  moon,  the  sun  will  be 
ofthenode,  or2S°9r20"inall,thesun  14°  33'  from  that  point,  and  conse- 
ill  less  than  a  month  in  moving  througn  quentlv   not  more  than  that  distance 
that  space,  and  there  need  not,  thereforei  from  the  node,  even  if  the  lunar  eclipse 

U^a%  M  mooQ  white  U  i»  withia.  we»«iathi»oda«siM^4Th^reiieYirtta«i 


can  be  more  than' fhreeeelipses,  or  fewer  year,  \\ie  nod^  at  the  be^nito  of  tha 

than  on^,  when  either  the  sun  or  the  year  wflj  not  be  more  than  17*  W'  87'' 

centre  of  the  shadow  is  near  a  given  beyond  the  ^un's  place  then ;  wd  83  tba 

]|ode :  and  if  three,  two  must  be  solar:  sun's  place  at  the  beginning  of  the  aexft 

if  one,  it  mu9t  be  solar ;  if  two*  one  mu3t  year  ma^  be  oonaidered  as  tna  mneb  mi 

be  solar,  and  the  other  lunar.    Wq  have  the  node  wilt  have,  retrograded  19-  %l\ 

spoken  here  only  of  the  mean  motion  oC  the  node  at  the  end  of  the  year  Boay  bft 

toe  sun,  but  his  eottreme  motions  do  not  about  2°  before  the  8un*a  place,     ^ow 

differ  sufficiently  from  it  to  affect  the  twelve  synodip  periods  ar^  aboiit  SMf 

truth  of  these  conclusions.    If  howevar  days>  ana  at  the  end  of  these  the  nm 

these  results  be  true  at  one  node,  they  will  be  less  than  U^  short  of  his  yiaat 

must  also  apply  to  the  other.    Now  the  at  the  beginning  of  th^  year,  and  om^ 

nodes,  as  we  have  seen,  have  a  motion  sequentty  less  than  9P  tim  the  no(Uw  or 

backwards  upon  the  edqitic  of  about  within  the  solar  ecliptic  limits:  an4  ii 

19^  ?1'  in  evety  year:  wid   the  sun  having  been  new  moon  at  the  bsfpuniny 

therefor^  having  been  in  a  given  posi-  of  the  year,  it  will  be  new  m«aa  again 

tion  with  respect  to  one  node,  will  be  &t  the  end  of  the  twelve  synedifi  fwriods^ 

in  the  same  position  with  respeot  to  the  and  there  will  therefore  be  an  edi]uia 

other,  not  when  he  has  gone  through  ofthesun«    At  the  end  of  half  a^  synodic 

lap*',  but  through  this  quantity  dimi-  period  more,  ther^  ifvlll  be  a  ruU  ^lOfm^ 

nished  by  nearly  half  the  annual  retro-  and  an  eclipe  of  the  moon,  but  thai 

gression  of  the  nodes,  or,  taking  its  will  be  more  than  )4|  days  later,  or 

mean  value*  when  he  has  gone  through  more  than  369  days  from  the  first,  and^ 

about  171^*  •  and  in  the  space  eC  six  consequently,  not  within  the  sjame  year: 

synodic  revolutions  of  the  moon,  taking  and  here,  thou^shtne  po^ssof  36^  di^a 

the  meaniFalues  of  the  8un*a  motion  and  above  a  year  is  small,  the  Inequalitiea 

the  synodic  neriod,   he   goes  through  of  the  sun's  motion  and  the   synodic 

about  171°  iw.    These  values,  in  e£kk  period  wilt  not  be  suMcient  to  bring  this 

case,  may  vary  materially,   but  it  is  lunar  eclipse  within  the  year,  for  the 

evident  that  they  may  easily  happen  so  sun's  tnotion  has  all  its  values  withm 

to  correspond,  that  the  sun  dunng  six  the  year,  so  that  he  wiU  arrive  at  thia 

synodic  periods  of  the  moon  may  nave  point  at  the  same  time  as  if  his  motwn 

moved  veiy  nearly  through  that  space  of  were  uniform* 

his  orbit  whieh  was  necessanr  to  brin|  The  ^eatest  number  of  ecU]paes  thea 

him  into  the  same  position  with  respe^  vvbich  can  take  place  in  a  year,  is  seven; 

to  one  node,  that  at  the  beginning  el  five  sQlar»  and  two  lunar.    The  (east 

them  he  occtmied  with  respect  to  the  number  is  twQ«  both  of  whieh  will  be 

other.     In    this   case   therefore,    the  solar.    The  greatest  number  of  luna^r 

eclipses  will  take  plaee  at  each  period,  eclipses  which  pan  take  place  in  a  yesjr 

very  nearly  in  the  same  order,  and  tq  is  three;  for  if  a  lunar  eelipse  takes 

the  same  amount ;  and  there  may,  there-  place  at  the  very  beginning  qf  the  year, 

fore,  be  three  eclipses  at  eaph  period,  another  mav  do  so  when  the  shadow 

or  there  may  be  only  one.    Fina&y>  the  comes  near  the  next  node ;  besides  tnia. 

node  in  the  course  of  the  year  moves  as  the  node  cannot  be  more  than  1 1^ 

through  upwards  of  19^:  if  therefore  25' 40"  beyoiid  the  centre  of  the  shadow, 

we  suppose  the  first  solar  eelipse  oi  at  the  time  of  the  first  eclipse,  or  the 

such  a  seriei  of  three  eclipses  as  we  beginning  of  the  year,  at  the  beginning 

have  supposed  to  happen  in  each  ease^  of  the  following  year  it  will,  in  the  same 

to  fake  {Jacejust  at  the  beginning  of  the  manner  as  before,  be  7°  55'  20^'  before 

it :  at  the  end  therefore  of  twelve  syno. 


» CTh«attn«ettte»Miis0O0  in  a  yeu-,  the  node  die  revolutions,  the  centre  of  thsshadow^ 

racrogndM  tirdofh  IS*  21',  er  19^ J8  in  ihf  Hme  which  wiU  be  sbqut  1 1*"  firom  its  fomcr 

time.    Their  Bcftn  motion*  therefore  sre  In  this  _i«««   -,;ii    u«  «Ji„    «k«.«i.    ao  t,^^   au^ 

proportion,  er  If  the  stttt  In  a  ^iTen  Hme  moTea  Piac^,  Will    be  OnlV    alWljt   4"  fiXWa    t^j 

tbronrh  *  degree*,  the  node  wiu  moTe  thnragh  node>  and  there  will  be  a  lunafedipse  at 


#.  jhit  vheB  th«  *iia  ictwna  to  tht  aaac    the  end  of  the  year,  making  three  dnring 
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~^fff-      . . .  .  .  , 

node,  the  anm  of  theae  two  quantltlea  (a*  Uie  node  ^^  continuance. 

has  retrograded  to  meet  Mm)  make*  up  the  whole         The  different  phenomenik  of  eclipgef 

dteiunftNvca,  or  •  +  w**  •».•»»-  ^^  depending  on  the  dift'erent  situationsor 

-  w^.  63701.  or  nearly  s42°.  Thii.  Uierefo^e.'  u  the  nodes  with  reM)ect  to  the  ttin,  at  thf 

the  angle  deacribed  bv  the  son  before  he  returna  time  of  Uew  and  full  mOOU,  toev  mUSl 

ISete^l^Wfifili  ^.'/iJ^ir .&  ^rt^^  each   other  whwT^  thtir 

eppodunodo  situations  are  the  same.    Now  the  sua 

H  S 
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returns  to  the  same  position  with  respect  not  be  above  the  honzon  of  all  the  same 
to  the  node  sooner  than  the  close  of  his  places  as  before,  and  tiierefore  they  will 
own  revolution,  because  the  node  has  a  not  be  visible  at  all  the  same  places : 
retro^ade  motion  on  the  ecliptic.  The  and  in  the  case  of  solar  eclipses,  besides 
time  m  which  he  does  so  is  346'  14i>  this  cause  of  apparent  difference,  the 
52°^  16«.032,  or  346.61963  days:  but  sun  and  moon,  although  similariy  si- 
this  does  not  nearly  correspond  with  the  tuated  with  respect  to  the  centre  of  the 
end  of  any  exact  number  of  synodic  earth,  or  to  the  earth  in  general,  will  be 
periods ;  for  as  each  of  these  is  of  differently  situated  with  respect  to  the 
29d  i2'»  44"  2". 8,  or  of  29.530588  particular  point  where  the  observer  is 
days,  eleven  of  these  periods  make  only  placed ;  and  an  eclipse  therefore  which 
324.836468  days,  and  twelve  of  them  recurs  in  its  regular  order,  and  pay  be 
make  354.367056  days,  each  of  these  considered  as  identical  in  its  circum- 
quantities  widely  differing  from  that  stances  with  respect  to  the  earth  in  ge- 
required  to  make  the  eclipses  recin:  as  at  neral,  will  be  of  quite  a  different  appear- 
first.  We  may  however  find  periods  ance  to  the  observer  at  a  given  place  in 
which  will  correspond.  Thus  19  times  the  two  instances.  Thus  a  total  eclipse 
346.61963  days  are  6585.77297  days,  having  been  observed  in  London  in  April 
and  at  the  end  of  this  i)eriod  the  sun  will  1715,  there  must  have  been  eclipses 
be  in  the  same  place  with  respect  to  the  corresponding  to  it  in  1733,  1751,  1 769, 
node  as  at  its  beginning ;  and  223  times  1787,  1805,  1823;  but  none  of  these 
29.530588  days  are  6585.321124  days,  have  been  visible  as  total  eclipses  in 
a  quantity  differing  by  less  than  half  a  London*, 
day  or  12  hours  from  the  other:  at  this  '-Tzr. — ^.    ...  . — rn — -  i.-*i,.«»k— 

la4««  «.A^^j  4U^^^e AU  *  It  is  worth  while  here  to  obscrre  also  that  there 

latter  penod  therefore  the   sun  is    very  mutt  be  a  ilmllar  recurrence  of  the  phenomena  of 

nearly  in  the  same  place  as  before  with  occtiiutions  of  the  fixed  stars  by  the  moon.  Her 

respect  to  the  node,  and  accurately  so  ^^f^^'^rLoTlSriJ^li.X'irjlS  15 

with  respect  to  the   moon.     From  this  the  heaTens  a  UtUe  different  firom  the  last:   in 

period  therefore  edip^  wiU  r««ur  venr  Z'ZlM^^i^'Ss^'JSXSi:^ 

nearly  in  the  same  order  as  t)efore,  yet  which  and  the  earth  she  wUl  pass,  and  there  wUl 

not    so    accurately  as  to  dispense  with  ^«»  according  to  the  account  already  given  of  that 

♦Ko  fvniiMa  rtf  #»o«viT\i«io4^i/^M  .  <x»  ♦!,«  ;»»«  phenomenon  (ptigt96)anoeeMttatiom  of  those  stan. 

the  trouble  of  computation  :  for  the  irre-  5,^^  time  and  dImc  at  which  these  phenomena  are 

g^anties  of    the  motion   of    both    sun  visible  depend  on  consideraUons  rather  simpler 

and  moon  make  the  positions,  which  *?"  *^~J  **!,■*!;»,**'  f*^**"  •*^% »  because^ 

^   j^j J   *.__       i.u  *^                  1            i  although  the  principles  ofthecompuUtion  are  very 

are  deauced  from   the  mean  values  of  nearlythe  same,  yet,  the  stars  being  moUonless, 

the  motion   of  the  node  and  the  synodic  "*  ***^*  ""  aUowance  to  make  for  the  motion  of 

nomrwla     ino/»/*iifafA  *V^«    ««...  •^^■^i^.^t^^  the  body  Concealed,  as  in  the  cssc  of  the  sun }  and 

periods,   inaccurate  for    any  particular  „  they  are  too  distant  to  have  any  obserrabie  pa. 

case  ;  and  besides  this,  the  situations  at  rallax,  we  are  also  enabled  to  leave  that  element 

the  beginning  and  end  of  the  period  in  J?^  J'  *5*  caicoiaUon.    These  circumstance. 

..®        ^       .                 ,  \       i'>'"Y*^  «»  therefore  depend  merely  on  the  moon*s  apparent 

question  are    not  accurately   and  iden-  diameter,  parallax,  place,  and  rate  of  motion.    It 

tically    the  same.     This    period  of  223  *■  o^*  neceasary  here  to  enter  into  any  further  de- 

months  was  early  discovered  by  the  as-  **it  u  piS'that  in  this  case,  as  well  as  in  that  of 

tronomers  of    Chaldaea,    and    used    by  eclipses,  these  phenomena  must  succeed  each  other 

them  for   the   purpose   of  foretelline  SS"*^  *°  *^*  •*"*  ^^*  ^^  "l  ^^""^  interval. 

AAlmaos                                              ivA^wjuug  f^^  ^^^^  themselves  however,  having  no  motion, 

eclipses.  Ihe  period  in  this  case  is  more  simply  determined. 

Still,  for  general  purposes,   we  mav  The  nodes  complete  their  revolutions  in  6793.431  is 

cfiv  the*  fhooorriA  ciah.;!!  ^t  ^^m^«^^  «^-  ^'"y'f  "od  »'  the  end  of  this  time  the  moon's  or- 

say  that  the  same  series  of  edipses  recurs  wi  must  coincide  with  iu  place  at  the  beginning 

in  a  little  more  than  18  years,  for   6585  of  it.     There  must  therefore  be  verv  nearly  the 

days  exceed  that  time  by  10  or  11  davs.  f"°*  ■accession  of  occuitations.    They  ^^ui  not 

-    *i.«-^  u               t.     Li           V,       **»/"»  however  exacUv  correspond,  because  her  situaUon 

as  there  happen  to  Oe  nve  or  four  leap  with  respect  to  the  apogee  or  perigee  of  her  orbit 

years  among  the  number.    Even  then  ^"  °*>*  ^*  '***  ■■"•  *"  ^^  *^"^ '»  *"**  conse- 

finivAtrai-  flio  eorviA  a/»i;»<,<i<.  «»;ii  ^^i.  u^  qucntiy  her  dlsUncs  ftrom  the  esTth  being  different, 

however  the  same  echpses  WlU  not  be  Jte  elements  involved  in  the  computsSon  of  the 

visible  at  the  same  places  as  before.    The  occultatlon,  her  apparent  diameter,  parallax,  and 

complete  period  is  of  6585 .321124  days,  !?**  of  motion,  will  differ  also.    Besides  this,  era 

.»^^ff«enc<i«*K^ni».           1          r«.        J   »  if  exactly  the  same  phenomena  were  reproduced, 

or  of  6585«  7n  42^™  nearly.      The  sun  they  would  appear  differenUy,  as  in  the  case  of 

therefore  will  be  in  a  different  position  ■**"  eclipses,  at  the  same  place  on  the  earth's  sur- 

■wifh  rMTMwtf  fr.  +Kz»  i%K«A«,r««  «<■  fu^   ^^A  '•oej  for  the  moon  would  be  differently  situated 

Wltn  respect  to  the  observer  at  the  end  with  respect  to  any  particular  spot  on  the  earth's 

from  what  he  was  at  the  beginning  of  •nrfftce,  although  similarly  with  respect  to  iu 

the  T)eriod  *  fi.nd  thp  monn  hoinn-  aUUaw  Centre.  These  phenomena  therefore  require  to  be 
]«  «S«!,,«!>*;^  IJu  '  "®*"?,P'^?r  accurately  calculated  in  each  case,  although  a  re- 
in COnjUncUOn  With  or  m   opposition  to  glster  of  those  which  have  hitherto  taken  place  may 

him  will  be  so  also.    Even  m  the  case  ^°*^^^^  ^  ^^^  nearly  to  teii  what  suurs  win  bo 

ofhni«recBp»e«  therefore  the  moon  will  '^^:i'SI;£S::^^t^,^^i^ 
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Where  the  tppearaneee  themsdyes  battle  of  Gaugamela  or  Arbela*  was 

are  so  various,  they  might  well  eon*  fought  has  been  determined  from  its 

tinue  long  misunderstood.    It  reouires  happening  1 1  days  after  an  eclipse,  the 

veiy  reiined  knowledge  to  foretel  tnem ;  period  of  which  has  been  computed ;  and 

ana,  if  unexpected,  the  disappearance  the  date  of  the  battle  already  mentioned 

for  a  time  of  one  of  the  great  luminaries  between  the  Medes  and  iivdians,    of 

of  the  heavens  might  not  unnaturally  which  even  the  year  was  not  known,  has 

occasion  alarm  among  uneducated  men.  been  similarly  investigated,  for  there  was 

And  accordingly  wefind  in  early  historians  only  one  eclipse  about  that  time  which 

instances  of  great  terror  thus  produced,  could  be   total  in  the   put   of  Asia 

Eclipses  were  considered  as  omens  of  where  it  was  fought.     It  is  one  of  the 

evil,  and  on  one  memorable  occasion  a  most  remarkable  triumphs  of  science 

battle  between  the  Medes  and  Lvdians  is  that  it  has  been  able  to  extract  from 

said  to  have  been  broken  ofP,  and  a  peace  phenomena  so  complicated  and  perplex- 

eoncluded,  in  consequence  of  an  edipse,  mg,  the  rules  and  principles  on  which 

which  Thales,  a  philosopher  of  the  time,  they  proceed,  and  from  them  to  ascer- 

had  been  enablea  to  compute*.  We  see,  tain  the  dates  of  events  almost  lost  in  the 

however,  that  in  reality  these  remarkable  confusion  of  early  histoiy,  and  removed 

phenomena  are  only  the  natural  and  ne-  by  thousands  of  years  from  the  time  at 

cessary  consequences  of  that  uniform  which  they  have  been  investigated, 

system  of  motion  which  we  have  de-  We  have  thus  explained  the  main  cir- 

scribed ;  that,  however  varied  and  com-  cumstances  of  the  moon's  motions,  and 

S Heated  their  appearances  may  be,  they  may  now  proceed  to  the  consideration  of 
ow  just  as  necessarily  and  dinctly  from  those  presented  by  the  remaining  celestial 
these  simple  laws  as  the  common  changes  bodies.  In  quitting  ^e  subject  of  the 
of  the  month  and  year :  and  that  an  moon  however  for  the  present,  it  is  of 
eclipse  is  a  phenomenon  no  more  strange  importance  to  remark  tnat  her  motions 
in  its  nature,  or  portentous  in  its  occur,  are  much  more  complicated  than  we  have 
rence,  than  the  new  or  the  full  moon,  hitherto  represented  them  to  be.  There 
or  any  other  ordinary  appeanince  which  are  many  apparent  irregularities,  which 
no  one  ever  thought  of  making  an  ob-  require  corrections  to  be  introduced  into 
ject  of  alarm.  In  the  present  improved  our  computation,  and  no  account  of  her 
state  of  science,  indeed,  the  very  eclipses  phenomena  can  be  considered  accurate 
which,  when  they  occurred,  spread  an  and  complete  without  introducing  and 
ignorant  terror  among  mankind,  have  explaining  these.  Many  of  them  are 
l^en  made  subservient  to  the  history  of  very  small  in  amount,  others  are  con- 
the  times  when  they  took  place  :  for,  by  siderable ;  but  at  present  it  would  only 
a  more  laborious  application  of  the  same  perplex  the  reader  to  enter  into  any  de- 
principles  which  enable  us  now  to  com-  tail  of  them.  Hereafter  when  we  explain 
pute  the  occurrence,  the  duration,  and  the  causes  from  which  they  proceed,  we 
the  amount  of  eclipses  about  to  happen  shall  be  better  able  to  pomt  out  the 
here,  we  can  ascertain  the  same  pomts  manner  in  which  some  of  them  arise, 
with  respect  to  those  which  dkl  actually  It  will  be  foreign  to  the  puxpose  of 
happen  elsewhere  long  a^o.  For  in-  this  treatise,  even  then  to  attempt  to 
stance,  the  very  day  on  which  the  great  explain  them  all,    or  even  to  give  a 

Tiii.  Society  for  the  DifTodon  of  Useful  K»ow.  Complete  list  of  them.    Many  of  them 

ledge,  afford  great  fadiiues  for  ditcoyering  whe-  Cannot  1)0  explained  except  Dy  means 

tber  sn  occalUtion  of  any  given  star  is  likely  to  of   the    mOSt     laborious    mathematical 

{fr.?lJj;i;t'S?Xr,?'3S'S.li.*'iS'i::r5:2;  investigation,  by  wWch  alone  some  of 

reToiationArom  the  Nautical  Almanac  apoB  one  of  tbem  havc  cvcr  oeen  discovered ;  and 

JSSrr5S:.'dSlt^Sj.S.rf«m':S.t?&':  "  t»W«  .«  puWUhed  for  the  purpose 

by  Joining  these  places  by  a  iindghtiifu  (for  in  of  enabling  the  sauor  or  tnc  astrouomer 

these  maps  the  projection  of  erery  great  circle  is  a  readily  tO  compute  the  mOOU's  place  at 

stralghtUne),  thepathof  themoon  maybe/epre«  ^_     ^l„:.-«.«j  ^^Ji^A    :»  wVi;/»k  Jll  «1«a«ia 

seated.    If  ulerefore  this  line  nearly  intersect  the  any  assigned  pcnod,  in  WhlCh  all  tilCSe 

•tar.  It  may  be  inferred  that  the  star  must  be  oc-  corrections  are  included,  it  IS  tO  those 

enited  somewhere.  It  will  >>«  .^^^^Jif^j^  <J^«\P^  elaborate  works  that  eveiy  one  will  have 

lax  depresses  the  moon}  If  therefore  the  line  is  «**<*»^^*                                   «'  ^a     i  •        ^* 

rather  below  the  star,  it  may  be  concluded  Uiat  an  reCOUrse  for  purposes  Ot  actual  investl- 

occnltaUon  Is  not  poeriblci  If,  on  the  contrary,  oration,  in   which,  and  in   which   Only, 

Srn'Xi:S.'X^M.;?'£SS?r;iJ  Sese  mlnate  coinctions  Uye  much  ii- 

Its  occurrence,  mnstthen  be  ascertained  by  accurate  portaiice* 

calculaUons.    It  la  nnnecessary  to  take  the  effect 

at  refraction  into  considcratlQ%  for  thai  affects  '~Z~Zn      »    ^  „  ,,         ••i    «i^  «#« 

the  moon  and  star  eouaUy.  *  Cllntoo»  Fut«  Hdl.  Ana.  Uh  Hltt,  of  Orttcef 

•Htrod.»L74»  M 


CiMklV*  tkftl«iMtw)ttoh  tea  teea  a^oeitiiiied, 

a>ttPf<Wf  i.y^^ihB  I^Mtsg^nAiMg^  obfer¥*tion  ib^  thit  tUate  apparent  4ia- 

^DIH^Vmi  ^  tt^moi*  aU  in^rtror  ^^^^  ^^  f^^^j  to  ¥aiy  in  tha  Muae 

•Fmnm,  plaiMt*    ThedwtfineeoftheBwnepUaet 

Vb  now  «nter  upom  ii»  coosicleration  frem^e  etrlbiooiwequently,  is  variable 

of  the  motion  of  aaotiier  set  of  bodiei ,  also  {  and  if  we  observe  its  direction 

wliieb  present  seme  of  tbe  most  remark-  from  the  earth  at  the  tine  when  these 

i^k  appearanoes,  and  lead  to  the  most  proportional  distances  are  ascertained, 

remarkable  conclusions  of  any  which  we  shall  know,  as  in  the  former  casest 

the  heavens  offer  to  our  consideration,  what  is  the  course  it  appears  to  desciihe 

These  are  ike  pkmtU,    1%ejr  eppear  in  with  respect  to  the  earth* 

the  heavens  aft  stars,  only  distinguished  When  we  proceed,  however,  to  make 

irom  the  rest,  in  the  first  instance,  by  the  these  latter  observations,  we  shall  net 

mater  brightness  and  apparent  ma^i-  find  the  motions  of  the  planets  to  be  ef 

tude  of  most  of  ihem.  and  by  shining  that  simple  nature  which  those  of  tbe 

with  a  steady  uniform  lustre,  somewhat  sun  and  moon,  in  their  feneral  oetline, 

^ke  that  of  points  upon  the  moon*s  sur-  have  appeaved  to  be.    l^ey  traoe  out  no 

noe,  instead  of  the  twinkling  li^ht  of  r^^nlar  curve,  as  a  eivole  fir  an  ellipee ; 

the  stars  in  {general    these  are  circum-  and,  whait  is  of  still  Bftora  importaaee, 

stances  of  distinction ;  but  it  is  when  we  their  radius  vector  (if  we  eup^se  a  hae 

proceed  to  ipore  mitiute  inquiiy, — when  drawn  from  them  to  the  eaKh  to  be  eo 

we  examine  their  appearances  through  oalled>,  dees  not  desonbe  equal  areas  in 

a  ielescope,  and  remter  th^r  situations  e^ual  ttmes^    I^ere  era*  however,  seme 

in  the  heavens  at  dmerent  times,  that  we  oireumsteaaes   oommoa  to   them  all, 

discover  ourselves  to  be  regarding  a  class  which  may  be  mentioned  at  once  befove 

of  objects  widely  different  from  any  of  we  proceed  to  the  more  particular  con- 

which  we  have  mtherio  treated*  sideration  of  ea^    They  ell  appear. 

The  peculiar  ap|>earances  presented  idt hough  in  different  |mods,  to  have  a 

bv  each  wiH  be  stated  separately  here-  motion  from  North  to  South,  and  from 

aner ;  but  we  may  say  kt  once,  that  South  to  North ;  they  all  appear,  al- 

•ome  of  them  exhibit  diilbrent  phases ;  though  in  diierent  periods*  to  have  a 

two,  indeed,  Venus  and  Mercuiy,  pre-  motion,  genersily  apeaking*  from  West 

ttenting  nearly  all  the  phases   of  the  to  fieet,  and,  eensequently,  to  retom 

moon:    one  other,   Mars,    sometimes  again  la  the  same  vigot  ascension  wbwk, 

very  observably  gibbous;  theremaining  at  some  former  period,  they  had*    But 

planets,  from  ourcumstances  hereafter  to  thoug^  these  appearances  eonespoml, 

oe  explained^  hardly  .perceptibly   so.  in  this  general  statement^  with  tkw  ap- 

Those  which  present  these  phases,  at-  peanmces  presented  by  the  sun  and 

wajHB  turn  their  enlightened  part  towards  moon*  there  is  this  vemarkable  diffep- 

ttie  sun ;  and  we  conclude,  therefore,  enoe  between  them  k^esides  theee  already 

with  respect  to  them,  in  the  same  man-  mentioned:  that  all  the  pianetSi  during 

ner  as  in  the  case  of  the  moon,  that  th^  the  period  which  th^  tsJce  to  return  to 

ahine  only  by  the  reflected  light  of  the  their  original  right  asoenMMS  appear  tD 

sun.  We  also  find  that  their  enlightened  have  for  a  time  a  retropade  motion«— 

parts  eve  bounded,  like  those  of  the  that  is  to  say,  a  motion  in  the  opposite 

tnoon,  fa^  elliptical  and  circular  lines;  direction  from  that  of  the  sun,  or  f^om 

«nd  w^  thence  infer,  that,  like  her,  they  East  to  West.    This  is  leas  in  duraticm, 

are  nearly  aphencal  We  shall  hereafter  and  in  its  average  rapklity,  than  their 

•ee  cause  to  form  the  same  conclusions  direct  motion  from  West  to  East,  and  it 

with  raap«ct  even  to  those  which  have  is  by  the  superiority  of  this  latler,  tbtft 

no  nereeptible  phases,  Ihey  are  finally  brought  round  to  their 

Again,  we  are  unable^  by  the  most  original  ri||;ht  ascenaioii ;  but  the  retro- 

powerfUl  instruments,  to  discover,  at  grade  motion  exists  in  idi. 

least  with  any  certainty,  that  the  bright^t  Another  ciroumstHnoe  of  similarity 

of  the  Axed  stars  subtend  any  assignable  which  was  supposed  to  exist   among 

angle  at  the  earth ;  we  cannot,  there-  these  planets,  was  this,  that  they  never 

for^  aifix  any  value  to  their  apparent  appeared  beyond  a  certain  distance  from 

diameter;   but  this  is  otherwise  with     — 

respect  to  almost  all  the  planets,  their  *  Hovevw,  the  dtMn«t«n  of  um  •wdi  pisMii 

apparent  diameters  are  easily  observable.  l!«*»*Hr  ducovetedwyto  «mu  whu^  to  admit 
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the  eeKtyBe,  IFh^  tnOon^i  oi^il  ire  have  seen  to  ptss  06eitftott«d]f  between  !1i0 

already  Men  Is  inclined  tp  the  eeliptie  earth  and  the  sun,  while  the  other  plaoete 

at  ah  angf^  of  not  modi  more  than  5*.  never  do  so.    Hence  these  two  planets 

and  her  oistanoe  fh)i)i  It  cap  never*  there-  are  called  ittferior  plfunets,  the  rest  9up$' 

fore,  exceed  that  qunntrty.    The  planet^  rtor  plarieU;  and  the  detail  and  expla- 

were  supposed  to  oe  never  observed  be-  nation  of  their  phenomenii  will  be  some* 

yond  about  7^  from  It  also ;  and  a  space  what  different  in  the  two  cases. 
6f  8*  on  each  side  of  the  ecliptic  was,  in 

name  of  the  aodioc.    Within  this  space  ^^«««'- 

the  twelve  constellations,  according  to  Ths  appearances  presented  by  the  two 
Which  we  have  already  stated  the  dif-  inferior  planets  are  exactly  of  the  same 
ferent  (divisions  of  the  ecliptic  to  have  nature.  We  may,  therefore,  detail  them 
l>een  named,  are  situated;  and  they  together;  only  mentioning  afterwards 
have,  in  cottseauence,  received  ihe  name  the  numerical  values  which  in  each  case 
of  11^^  qf  the  zodiac.  At  the  time,  are  to  be  assigned  to  the  different  ele- 
however,  when  the  sodiae  was  thus  merits  of  which  we  treat, 
marked  out,  all  the  planets  had  not  been  Neither  of  these  planets  is  ever  seen 
discovered,  and  now  that  others  have  l)eyond  a  certain  elongation  from  the  sun. 
been  so,  the  observation  hself  is  no  longer  Vrithin  this  dislanoe  it  appears  succe^ 
true.  The  planets  then  Icnown  were  sively  at  all  different  angles  from  the 
five,  and  each  received  the  name  of  one  sun,  except,  indeed,  that  when  the  planet 
of  tne  divinities  of  ancient  fable :  they  comes  very  near  the  latter  body,  it  be- 
were  Mereutr.  Veuus^  Mars,  Jupiter,  comes  invisible  in  the  bright  light  whiph, 
and  Saturn.  ModefYi  discovery  has  add-  even  while  below  the  horizon^  the  sua 
ed  five  to  the  list:  Vesta,  Juno,  Oeres,  spreads  around  its  apparent  neighbour- 
Pallas,  and  Uranus.  ^  iTiese  are  all  hood.  In  this  manner  it  is  lost  to  view 
riamed  in  conformity  with  the  same  sys-  for  some  time,  bi|t  it  reappears  again  op 
tern;  h^t  Uranus  is  also  often  spoken  of  the  opposite  side  from  tnat  on  wliich  it 
as  Herschel,  havjng  been  so  named  after  disappeared ;  it  gradually  is  seea  furtlier 
Br.  Herschel,  who  discovered  it,  and  and  further  from  the  sun,  until  ^  arrives 
also  a^  the  tieorfinan^  or  Geoipum  Sid  us.  at  a  considerable  distance  from  him  #  « 
having  been  aiscovered  in  England  then  continues  for  a  short  time  appa- 
durin^  the  reini  of  George  in.  Uranus,  rently  at  the  sam^  distance  from  nun, 
like  the  planets  earlier  Known,  is  nevei^  and  tbeif  again  approaches  him  con- 
seen  beyond  the  limits  of  the  zodiac^  tinpally,  until  it  is  lost  in  the  brightnees 
the  other  four  new  planets  are.  of  his  beams,  and  afterwards  laeappeairf 
For  convenience  in  registering  their  on  the  opposite  side  of  him.  Being 
ot>Bervatibns,  iistronomers  have  agreed  never  seen  beyopd  a  pertaiii  distance 
to  represent  tfiese  bodies  Isf  certain  f^oni  him»  it  is  evident  that  the  planers 
symbols,  as  in  the  following  taple :—  motions  have,  either  by  necessity  or  ac* 
MerpHry  .  .  H  Ceres  .  .  .  ^  cident,  a  certain  relation  to  hie^  which 
Venui  .  *  .  5  l^allas.  *  \  /  brings  it  alternately  betore  and  eflpr  him. 
Mara    .    ,    •     i    JMpiUf    •    ,    U  ^*^?.lj^*7,«^^  ^^f^  P^^^*  K"f  ^ 

■r                        S     Ti       ■            w  consequently,  waen  op  one  siue  of  the 

.Hiao,    .    .    •     f:     umnus    •    .    f  sun,  s^  J^ter;  when  on  the  otl^er^  they 

Besides  f hese^  syoftbele  iMnre  also  been  rise  eanier  than  he  does ;  and,  as  theii 

cAiosen  fcr  the  eun,  tlie  imm,  a««  th^  elongation  is  confined  within  the  limits 

earth,  mmely  :•—     ^^  ^^  j^^ye  mentionec},  they  can  never,  un- 

The  Sun  .    .    ©    l«e  Me«ii.    •     >  j^^^  whef  e  the  pole  is  very  much  elevated 

■fhe  fiatfh    ,    0,  or  6 .  above  the  horizop,  be  visible  all  night  j 

^ere  are  two  remarkable  disxlnctions  but.  on  thp  contrary,  only  for  a  certaiji 

between  the  appearances  of  Mtercury  period  either  aAer  ^tmset,  or  hefi^re  sun- 

and  Venus,  aM  those   of  the  other  rise,  according  as  they  are  to  tlie  £a«t 

planets.    Tiie  other  planets  a»  seen  at  or  to  the  West  of  i\)p  si^n.    Mercury  is 

all  distances  or  elongations  from  fhe  not  an  effect  of  sufficient  magnitude  to 

sun.  Mercury  never  more  than  29^ from  be  piuch  noticed;   bu^  Venus  is  Ui^ 

him^  Venus  never  itnbre  than  4g!^^  ancl>  brightest  luminary  of  the  heavensif  art^ 

besides  this*  Meroury  and  Ventis  are  the  sun  and  mooti ;  and  is  spoken  of  m 
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the  one  case  as  the'ereniiig,  in  theother  When  a  |)lanet  ii  in  the  tame  diree- 
as  the  mominf^  star.  tion  with  respect  to  the  earth  as  the  sun« 
The  motions  of  these  hodies  with  re-  it  is  said  to  be  tn  conjunction  with  the 
spect  to  the  stars  have  abeady»  in  com-  sun.  We  have  already  seen  that,  in  the 
mon  with  those  of  the  superior  planets,  case  of  an  inferior  planet,  this  happens 
been  generally  described.  The  period  twice ;  once,  whUe  tne  pluiet  is  between 
during  which  the  motion  of  these  planets  the  sun  and  the  earth,  and  while  its  ap- 
is retrograde,  takes  place,  of  course,  parent  motion  is  retrograde,  which  is 
while  they  are  passing  from  the  Eastern  called  the  inferior  conjunction ;  and 
to  the  Western  side  of  the  sun.  The  once,  while  the  sun  is  between  the  earth 
period  of  this  retrograde  motion,  how-  and  the  planet,  and  the  apparent  motion 
ever,  is  very  considerably  less  than  that  is  direct,  which  is  called  the  wperior 
during  which  the  planet  passes  from  its  cor^nction. 

greatest  elongation  East  of  the  sun,  to       During  the  retrograde  motion,  the 

the  greatest  elongation  West  of  him,  planets  are  nearer  to  the  earth  than 

and  the  extent  of  the  retrograde  mo-  during  their  direct  motion,  a  fact  wMch 

tion  also  falls  far  within  that  of  the  we  ascertain  by  observing  the  apparent 

direct.    For  some  time  after  the  Eastern  diameter  of  these  objects;  for  it  is  of 

elongation   has    attained   its    greatest  sufficient  magnitude  to  be  ascertained 

amount,  the   planet*s    motion   among  by  the  telescope,  and  is  found  very  ma- 

the  stars  continues  direct,  or  in  the  terially  to  differ  at  different  times,  and 

same  direction  with  that  of  the  sun,  but  to  be  greater  during  the  period  of  the 

its  angular  velocity  becomes  less  than  retrograde,  than  during  the  period  of  the 

that  of  the  sun,  or  the  sun  approaches  direct  motion.    It  is  uso  found,  during 

it,  and  the  elongation  begins  to  diminish;  the  retrograde  motion,  to  be  greater  as 

after  this,  the  planet  for  a  short  time  be-  the  planet  approaches  the  line  joining  the 

comes  apparently  stationary  among  the  sun  and  earth ;  and,  during  the  direct 

fixed  stars,  and,  of  course,  the  sun*s  motion,  to  be  less  in  proportion  as  it 

motion  continuing,  he  continues  to  ap-  approaches  the  same  line. 

E roach  it ;  the  planets  motion  then  Another,  and  yet  more  important  ob« 
ecomes  retrograde,  and  continues  so  servation  which  we  are  enabled  to  make 
till  the  planet  has  passed  the  sun,  and  with  the  telescope,  is  this :  that  these 
arrived  at  the  same  distance  beyond  it  planets  go  through  dl  the  phases  of  the 
on  the  Western  side  which  it  had  on  the  moon,  or  very  nearly  so,  in  a  constant 
Eastern  when  it  began  its  retrograde  order.  When  the  planets  are  about  their 
motion,  during  which  whole  time  the  greatest  elongation  from  the  sun,  they 
sun,  by  virtue  of  his  own  motion,  con-  appear  of  the  same  shapes  as  the  half 
tinues  to  gain  upon  the  planet,  first  over-  moon ;  when  the  elongation  diminishes, 
taking,  and  then  passing  it ;  the  planet  from  its  greatest  amount  Eastward,  the 
then  becomes  aeain  stationary,  the  sun,  part  visible  becomes  a  crescent,  whose 
of  course,  which  is  now  beyond  it,  con-  breadth  continually  diminishes  as  the 
tinning  to  recede  from  it ;  and  then  the  planet  approaches  the  line  joining  the 
planet,  recommencing  a  slow  direct  mo-  sun  and  earth ;  and  again,  after  we  lose 
tion,  with  an  angular  velocity  inferior  sight  of  it  in  the  rays  of  the  sun,  when  it 
to  that  of  the  sun,  the  sun  continues  to  reappears  on  the  Western  side  of  that 
increase  its  distance  from  it,  until  the  body,  it  does  so  as  a  very  thin  crescent, 
angular  velocity  of  the  planet  gradually,  graduallv  increasing  in  breadth  as  it 
but  continually  increasing,  it  becomes  approaches  its  greatest  donation  West- 
equal  to  that  of  the  sun,  and  the  planet  ward,  about  which  period  it  again  ap- 
is then  at  its  greatest  elongation  West  of  pears  as  a  semicircle.  Beyond  this,  as 
the  sun.  From  this  time  the  motion  of  the  elongation  asain  diminishes^  the 
the  planet  continues  direct,  and  its  an-  planet  becomes  gibbous,  and  continually 
gular  velocity  rises  above  that  of  the  more  and  more  so,  until,  before  we  lose 
sun ;  the  planet,  therefore,  gains  upon  sight  of  it  in  the  sun*s  rays  again,  it  shines 
the  sun,  and  continues  to  do  so*  with  very  nearly  with  a  full  circular  face,  as 
an  increasing  velocity  until  it  overtakes  it  does  when  it  reappears  on  the  Eastern 
it,  and  then,  after  passing  it,  with  a  side  of  the  sun,  and  then  becomes  gil>- 
diminishing  velocity,  untu  [the  'planet  bous,  continually  diminishing  the  lumi- 
again  reaches  its  greatest  eatiBtem  elon-  nous  surfieuse  which  it  exhibits,  till  it 
gation,  when  the  angular  velocities  are  returns  to  its  greatest  elongation,  and 
again  equal,  and  the  same  tinin  of  ap-  again  becomes  a  semicircle, 
pearances  recommences. .  jhe  general  sum  of  these  observations 
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IS  ttiis.  Firora  tiie  time  tfatt  th«  plane!  greater  whenever  the  plahet  is  gibbous* 
iirst  appears  on  the  Eastern  side  of  the  and  less  whenever  it  b  a  crescent, 
sun,  till  it  airain  disappears  in  its  rays  on  Now  in  Jig.  27,  let  S  represent  the 
the  same  side,  it  has  first  a  direct  mo-  sun's  place,  £  the  earth^s,  and  SEZ  the 
tion,  then  becomes  stationary,  and  then  greatest  an^le  of  elongation  of  the 
has  a  retro^ade  motion ;  and  during  planet.  If  SY  be  a  nerpendicular  from 
the  same  period  it  is  first  seen  merely  as  8  on  £Z,  Y  will  obviously  represent 
a  circular  orb,  and  continually  shows  a  the  planet*s  place  when  at  its  greatest 
less  proportion  of  its  disk,  showing  half  elongation ;  for  we  know  by  observation 
of  it  when  about  its  greatest  elongation  that  half  the  planet  is  then  visible,  and 
Eastward,  and  only  a  verjr  thin  crescent  therefore  that  the  exterior  angle  of 
before  it  (hsappears.  During  this  whole  elongation  is  a  right  angle ;  and  the 
time,  also,  its  apparent  diameter  oon«  planet  is  at  that  time  somewhere  in  the 
tinually  increases.  When  it  reappears  line  EZ,  and  SY  is  the  only  perpendi- 
on  the  Western  side  of  the]  sun,  its  mo-  cular  which  can  be  drawn  from  S  to 
tion  is  at  first  retrograde ;  the  planet  that  line.  SYE  being  a  right  angle  is 
then  becomes  stationary,  and  then  moves  greater  than  any  other  angle  in  the  tri- 
with  a  direct  motion.  During  this  time  angle  SYE,  and  consequently  SE,  the 
its  apparent  diameter  continually  dimi-  side  opposite  to  it,  is  greater  thun  EY,or 
nishes,  and  the  part  of  its  disk  visible  the  planet  is  then  nearer  to  the  earth 
continually  increases,  from  a  very  thin  than  the  sun  is.  Again,  let  EW  be  any 
crescent  at  its  reappearance,  to  a  semi-  line  drawn  between  ES,  EZ  ;  it  is  there- 
circle  about  the  time  of  its  greatest  fore  a  line  on  which  the  planet  will  be 
elongation,  and  to  verv  nearly  a  com-  seen  twice ;  for  it  is  twice  at  every  elon- 
plete  circle  before  it  disappears  again,  gation  except  the  greatest,  and  if  the 
The  phenomena  on  the  Eastern  and  points  t?  V  be  taken,  so  that  the  angle 
Western  sides  are  exactly  the  same,  bat  8  v  W  is  acute,  and  SVW  obtuse,  they 
in  a  reversed  order  of  succession.  may  represent  positions  of  the  planet ; 
We  are  next  to  inquire  what  results  for  at  one  of  its  positions  on  any  line, 
we  may  deduce  from  these  phenomena,  the  planet  appears  as  a  crescent,  and  its 
It  is  obvious  that,  exactly  m  the  same  exterior  angle  of  elongation  is  conse- 
manner  as  in  the  case  of  the  moon,  we  quently  acute ;  at  the  other  it  appears 
may  conclude  that  these  planets  shine  gibbous,  audits  exterior  angle  of  elonga- 
by  light  reflected  from  the  sun,  and  are  tion  must  be  obtuse.  When  it  appears 
nearly  spherical.  The  illumined  portion  as  a  crescent,  the  angle  S  v  W  bein^ 
of  the  disk  must,  therefore,  vary,  as  the  less  than  a  right  angle,  the  angle  S  v  £ 
versed  sine  of  the  exterior  angle  of  is  greater  than  one ;  it  is  therefore  the 
elongation,  which  must  be  equal  to  the  greatest  angle  of  the  triai^le  S  v  E,  and 
radius  at  the  greatest  elongation,  when  SE  the  side  opposite  to  it  is  greater  than 
^alf  the  disk  is  visible,  and  must  be  £  v.  When  the  planet,  therefore,  ap- 
greater  than  the  radius  during  all  that  pears  as  a  crescent,  it  is  nearer  to  the 
part  of  the  planet's  course  during  which  earth  than  the  sun  is.  Finally,  taking 
it  appears  gibt)ous,  and  less  whenever  it  the  case  of  the  planet's  appearing  gtb« 
appears  as  a  crescent.  At  the  g^reatest  bous,  the  angle  SVW  will  be  greater, 
elongation,  therefore,  the  exterior  an-  and  therefore  S  V  E  less  than  a  right 
gle  of  elongation  must  be  a  right  angle ;  angle.     Its  value  may  be  ascertained 

by  the  degree  of  gibbousness,  and  the 

Fig.  27. 


angle  of  elongation  S  £  V  may  be  o\y  planet  is  more  distant  from  the  earth 

served ;  the  value*^  of  the  third  angle  than  the  sun  is.    It  is  found  by  obser- 

£  S  y  being  the  difference  between  the  vations  thus  conducted,  that  it  becomes 

sum  of  these  angles  and  180°  may  thus  so,    not    long    after   the   planet    has 

be  ascertained.     If  it  is  greater  than  been  seen   at  Y,  and  that  it  is  con- 

£  V  8,  £  V  is  greater  than  £  8»  or  the  tinually  more  and  more  80»  as  the  line 
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M  W  tonvoiiliif  iik'  wtaNUJNidi  wHk 
ES*. 

In  BM^km,  ih  tn,  to  th«  IMt  w«  kave 
ftireadjr  slated,  we  lliui  lh«t  dttHfigr  tlM 
«glirte  of  phura  which  tho  olancft  g«et 
ifarougb*  it  in  duri&g  the  wnole  ptfiod 
of  ate  appeiMiig  ae  a  crescent,  uMifer  to 
tfao  eartk  than  the  son  it;  «ii4  tk«t 
during  |iart  of  ttie  time  of  its  Mpearing 
fpibboiti,  it  ia  farther  iiK)a  the  euKfi 
nan  Iho  sun  ii. 

Cooibinin^  tliifl  with  ttie  other  phemh 
tnesa  of  tfaeor  appearance  ritemateiy  oil 
eanh  side  of  the  son,  it  naturally  fol- 
tewe  that  these  planets  must  describe 
momm  sort  of  orbit  round  the  sun :  it  re- 
enaina,  therefore,  to  etaintiie  whether 
this  supposition  will  account  for  those 
Tstroffrade  and  etationaty  appeoranees 
erhioh  we  hawe  detailed. 

For  this  poTDose  we  will  iivt  con- 
eider  what  irould  be  th(  «ppearanoea 
{ireftented  if  the  planet  wcM  lodescritie 
toKf  DVfoit  round  the  sum,  and  the  eun 
ksfeir  httd  no  motion.  We  shall  repre- 
tent  the  orbit  by  a  drde,  not  as  eoa« 
Hidering  that  to  H  its  preoiM  shape,  btit 
aft  the  most  eiaple  end  IteitUar  curve. 
We  have  already  seen  that  the  inferior 
Idaneta  ooeasionally  paas  t)etween  ttie 
earth  and  the  enn ;  the  radius  of  the 
efan^  which  repKsents  the  orbift  of  ointo 
ef  thecn  muet  therefore  be  less  than  the 
linetepresenting  the  distance  fh>m  the 
oevth  toihe  sun. 

Icij^.  S8,  then,  let  B  represent  the 
ton,  E  the  earth,  and  Y.  C  Ys  c,  a 
eirde  described  round  8  with  a  radms 
leas  than  8  B,  the  oibit  of  any  intoior 

a  net.  Let  £Y^»  S  Y.,  be  tangents 
wn  from  1  to  this  cirde,  B  r,  Y  , 
B  •^  Vg,  any  two  lifies  drawfi  throng 
the  orbit,  eite  on  each  tide  of  £  8.  Let 

t  Tfit  sMie  rtMilla   may  bft  dcdiiotd  by  ob* 

MrTB^loB  of  Uie  pftrallu  of  tbe  planet  at  tbft  dU- 
^enl  tloiea  ra  queitloii ;  of  lAore  readily,  per- 
tept,  th*n  in  cllber  trsy,  hf  dbaeryattoa  «r  Ht 
apparent  diameter  at  different  timet.  At  any  one 
of  these,  the  angles  of  the  triangle  made  hf  the 
•un,  earth,  and  planet,  being  ascertained  asibove, 
the  proportion  of  its  sides  may  be  Icnovn,  and 
consequently  the  raUo  of  the  planet's  distanpe  at 
that  Ume  firom  the  earth  to  the  son's  distance 
from  the  earth.  The  apparent  diameter  of  the 
planet  at  any  other  time  varies  inreraely  aa  )U 
distance }  the  apparent  diameters,  therefore,  at 
different  times  being  obsenrcd,  the  ratio  of  the 
corresponding  distances  will  be  known,  and  the 
proportion  ot  one  of  these  distances  to  the  sun's 
djajtancc  having  been  prsTioosly  aseertaloed,  iMk 
dt  the  others  may  be  deduced  from  it.  I^or  in* 
stane*,  if  in  the  case  ef  the  planet  Venus,  ST 
w«re  ioifod  t«  be  |  E6  (vbldi  is  very  oearly  Us 

value) ,  and  the  apparent  diameter  at  any  otbgr 
point  in  Its  orbit  were  found  to  be  half  thft  ^  % 
U&epUnet's  distance  from  the  «srth  wonld  theft  bi 
d^fMeJiidlslft40i«tVr«it)Mtt)atw  yJiB« 


tilol  •  tet  (h«  mM  iti^h« twopointf 
CI  c,  and  IM  na  suppose  tho  b6dy  to 


Move  »  ttns  (iireoUon ;  Y|  0  Y^  e; 
end  that  this  motion  ia  tan  wait  to 

east  round  the  sua. 
We  need  not  iiew  trouble  onrsdves 
fionaideriii;,  in  any  delaft,  the 
phaees  which  would  be  pasaented  by  a 
body  morixig  in  tbe  orbit  V^  C  Y^  c; 
it  ia  ob^us  that  the  exterior  angle  of 
ObnfiaiioB  wall  continually  iacreaaeliroa 
e,  where  it  is  nothing,  XA  0  where  it  is 
1809,  being  90^  at  Y  „  where  the  body  ia 
lean  in  the  direction  of  a  tangent  to  the 
orbit,  and  ia  oonsequen^  at  its  greateift 
elonfpaticHa;  and  that  it  will  again  do- 
ereaaa  in  the  oorrespeoding  manner 
fhrai  G  to  c^  being  again  of  the  value  of 
9D^  at  Y«,  the  point  wfaeie  a  tanj^ent 
drawn  from  B  mseta  the  circle  on  tiiat 
sideof  £  8«  The  motion  of  the  planet 
being  ftom  west  to  east,  it  wilU  through** 
out  the  semocircle,  appear  on  the  westei^ 
side  of  the  sun,  throughout  the  semi- 
circle C  Yg  c  on  the  eastern* ;  and  the 
portion  of  the  disic  visible  will  continu- 
ally increase  while  it  is  in  the  former, 
and  continually  decrease  while  it  is  in 
the  latter  part  of  its  course.  Jhese  re- 
sults correspond  with  those  already  men- 
tioned as  discovered  by  observation. 

*  The  motion  of  the  planet  round  the  sun  in  the 
diwqtlon  c  0,  Yj  V^  €jb«ing  from  West  to  BaM, 
It  M  obVii^UBtbat  V^  is  West  of  V, ,  ai)d  Vt  of  (J 
\eith  reference  to  tbe  sun,  and  consequently  thai 
they  ar«  so  also  wifth  ra»|i|ict  te  the  earth  at  E,  ad 
the  angles  Y^  fi  V^,  V,  E  c,  ftre  roessured  in  tht 
sftme  direction  wlih  Yj  S  T,,  V,  S  C,  althongb 
tb^  are  of  Inferior  magdhude.  As  vl««red  fcom 
the  eacth,  tbensfpMwtbe  SHsiotrelS  J  Ta  0  Si  i>a 
th*  Wttt  Hide  o/We  suo.  ^^  •       ^  *  *  * 


44|iw.  flf  iU  liHM  AfiftPii  Aop  S  Id  ilf«MlY|<«id«M<MHMM0itbtfim 

.the«i«lt,  tilt  iMm  w  X  f»  tilt  wmXmt  It  •rrivtt  »t  Y^,  hmiis  >tt  tUfcionaiy 

B  0»  tml  the  UtiH  «e  MUtiMinUv  grtatUr  yoiiitt  Mtttwhere  bttwMA  thoie  pobiti, 

tliaii  «Mh  other  m  lliey  vpoecw  fitwi  c  •»  %t  Hg  and  p^^  and  il«  rttfofrade  mo- 

•nd  apfirpMb  C }  thMi^^botU  tbt  isiai-  tian  iNmfimd  to  thaara  Mweea  tboM 

aii^le  c  Y,  C  ar  tha  ireatem  taou-  pakitak     Our   aappamtion,    UierafDia, 

cirda»  therefora  tba  dtttanoat  S  ^  B  v^,  though  it  fpitm  ua  rcautta  oari^poudk^g 

IS  Y,,  EYi^aoatinvalljF  inareaae.  aod  to  a  aaosidaraUt  extant  with  tfaote  m- 

tha  apparent  dia»etars  oontinaaJly  di-  tuall/  obfl^rvad«  does  not  at  presaDt  ra- 

niaish;  and  thrauf^hout  tha  aeoneirele  piasaat  tham  oorraatfy.    Itidead  it  ia 

O  Ya  c,  tha  eaatara  aamiairala,  tha  dt«-  latpoaaibla  that  it  ahould  da  so*  far  «e 

taiaetcontimiallydiiiiiiiiah,  andthaafh  ha?aauppoMd  tha  point  S  stationaiy, 

Mxent  diaoMtaiv  oontiaiialljr  iacreaaa.  or  that  tha  notiona  al  tha  plttMt  aie 

This  agam  aormpondt  with  tha  lewitti  meaaured  from  S,  the  aon,  conaidaKd 

of  obtanratioii*  ae  a  fxad  point;  whcmas  8  ia  it§df  in 

Laatljr,  it  ii  avidant  that  tha  I9ioti0n  motioa.    Our  ratulte,  therefort»  drawn 

of  tha  planet  being  from  went  to  aaat»  from^.  S2»  cannot  fbfly  explain  actinl 

whik  it  movea  thiwfh the  are  Y.  C  Yt»  appaaranoet  until  wa  take  Into  neoount 

ila  apparent  aatian»  whiah  wiU  be  aMar  m  motion  of  8. 

aured  hy  the  angle  Yt  B  Y.,  will  be  an  The  motion  of  the  aim  lta«i(  m  eean 

thaiditaetionaleat  oritwiUba  dirmi.  ivamthe  earth,  it  a  diveot  BMtion  ;  the 

At  the  poitttt  Y^t  and  Y^,  tha  motion  hi  motion  given  to  the  plaAet  itidl,  theT»- 

the  orbit  for  a  eboit  period  it  in  the  di-  fero  the  suppoaition  of  iti  partaking  of 

reetion  of  the  tan^iaat;  the  paeitinn  of  the  auiTe  motion  wonld  be  a  direot  m»- 

thebody,  therefare^  wiU  apoear  for  a  tionaleo.   ThiewiU  at  onee  appear  from 

time  unohanged,  or  the  body  viU  be  the  jnepeetioaof  )f^.  89.    Let  A  BCD 

$iatimwr^.  Throughout  the  aie  Y«  <$Y,,  ivpreeent  any  difBvent  foodies*  to  all  of 

the  apparent  laation  of  the  body  wittbe  whioh  an  equal  motion  in  the  eama  dl- 

maaauied  by  the  an^  Yg  ILi^  mear  aeetion  is  given;  mid  let  the  amonal 

nnrad  in  the  opposite  direatiaa  horn  and  direetien  of  tiiia  motion  for  a  ahoit 

Yt  E  Y«,  or  fH>m  eaat  t»  weat;  ar  tha  tine  be  repmsented  by  the  aqnai  and 

motion  will  then  be  raHrqfmdi.  parallel  Mnes  A  a,  fi  ^,  O  c»  D  d.    Snj^ 

These  taeulte  have  «  aonsiderable  poae,  also,  that  B,  a  point  in  tha  Una 

oomspoadenee    with  those  aoiieetad  d  D  prodnaed,  ia  the  aitnation  of  the 

from  oftMer?ation«    They  give  ue  dimfll  obsener ;  and  that  theeppaeent  motion 

and  retrograde  motions,  and  aoeouafc  jx^  ^g 

for  a  stationary  appearanea.     The  ma-  ^* 


tion,  also*  on  toe  eastern  side  of  the  smi 
ia  at  irat  direot  Iran  O  to  Y^,  tben  tim 
body  appears  etationaty,  and  than  the 
motion  iMnomes  tetregrada  from  Y^  "" 


it  disappears  near  a;  and  on  its  to-ap» 
pearance  on  the  western  aide  of  c,  the 
oody  still  haa  «  retrograde  motion,  till 
k  beoomes  stationanr  at  Y^,  and  tiisn 
iias  a  dweot  motion  between  Y^  and  0. 
jiofartbasasulta  appear  to  cerraspand 
with  thoae  of  ot>semtion;  bi|t  they 
dAr  in  two  ?ery  matrriel  oiroumr 
otaneea.  On  ^  anpposition  that  wb 
littvemada,  tha  ofipeient  direct  and  f»- 
tragrade  moliana  am  measnied  by  the 


€ 


eameam^e  Y,  B  Y^  nmaaursd  m  opi-  of  tlie  point  A,  wfa&eh  will  be  measintf 

posite  direfltionaj   ar  they  are  eqnnl,  hf  the  an;^  A  B  a,  is  a  Hftci  molion. 

and  the  body  appears  atahonaiy  at  Y j.  It  is  <^bvions  by  mere  inspection  of  the 

Y.,  the  points  of  greatest  elongation,  ^re,  that  the  angle  BEb,  which  ra 

and  connnaooesitsretKttmde  motion  as  |yresents  the  apparent  motion  of  the 

aoon  as  it  quits  Y.,  and  oontinnes  it  till  point  B,  will,  if  the  point  B  be  on  the 

itarrivas  at  Yi.    In  reality,  aa  we  have  same  side  of  the  line  E  D  that  A  is,  be 

already  seen,  tha  amonat  of  vetvograde  measured  in  the  same  direction  that 

is  less  than  that  of  diseot  motion;  and  A  B  a  ia,  or  it  will  be  a  direct  motion 

Iha  body  oooMwuamJireataatitili  altar  aU«$  and  tMC  8  o^te  apparent  mo>- 
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-tion  of  C,  a  point  on  the  opporite  tide  of  the  retrc^p^e,  and  the  whole  appaxent 
£  D,  is  measured  in  the  opposite  direc-  motion  would  then  always  be  direct.  If» 
tion,  or  it  is  a  retrop'ode  motion.  The  however,  this  be  not  so,  it  is  yet  evident 
points  D  d  are  seen  in  the  same  line  £  D,  that,  for  some  time,  the  direct  would  ex- 
and  D  therefore  has  no^apparent  motion  eeed  the  retrograde  motion ;  for  the  re- 
at  all.  Now  to  apply  these  observations  trograde  motion  is  evidently  very  little 
to  the  case  of  an  inferior  planet,  we  for  some  distance  near  the  points  ¥,• 
mav  suppose  A  to  represent  the  sun,  Y^ ,  in  J^,  28,  the  points  of  greatest 
and  A  a  its  actual,  or  tne  angle  A  £  a  elongation,  the  curve  at  first  departing 
its  apparent,  motion.  In  this  case,  A  a  very  little  from  its  tangent ;  and  on  the 
must  be  drawn  perpendicular  or  very  other  hand,  it  is  evident,  also,  that  the 
nearly  so  to  A  £,  for  the  sun  moves  in  retrograde  motion  is  greatest  at  c,  the 
an  orbit  very  nearly  circular,  the  earth  point  of  inferior  conjunction :  for  then 
being  in  the  centre,  and  the  direction  of  the  planet  is  nearest  the  earth,  and  its 
his  motion  is  therefore  very  nearly  per-  motion  also  being  perpendicular  to  the 
pendicular  to  his  radius  vector.  For  the  line  joining  them  produces  the  greatest 
sake  of  simplicity,  we  will  suppose  it  effect.  It  may,  therefore,  well  happen 
accurately  so.  Now  £  D,  the  direction  that  for  some  time  after  the  perioas  |of 
of  the  line  in  which  there  is  no  apparent  greatest  elongation,  the  direct  may  over- 
motion,  and  beyond  which  the  apparent  come  the  stationary  motion,  and  the 
motion  becomes  retrograde,  is  necessa-  whole  apparent  motion,  therefore,  be 
rily  parallel  to  A  a,  the  direction  of  the  -direct ;  that  they  may  then  become 
actual  motion;  in  the  case  supposed,  equal,  in  which  case,  the  planet 
therefore,  it  is  perpendicular  to  £  A,  for  would  appear  stationary ;  and  that  then 
a  A  is  so.  But  wnenever  the  point  B  is  the  retrograde  may  exceed  the  direct 
on  the  same  side  of  the  line  £  D  that  A  motion,  or  the  whole  apparent  motion 
is,  or  whenever  the  angle  A  £  B  is  less  become  retrograde,  and  continue  so 
than  A  £  D,  that  is,  in  the  present  case,  until,  after  passing  through  inferior  con- 
less  than  a  right  angle,  the  apparent  junction,  the  direct  and  retrograde  mo- 
motion  of  B  is  direct,  though  it  varies  tions  again  become  equal,  or  the  planet 
in  amount  according  to  its  distance  and  apparently  stationary,  before  arnving  at 
direction.  Now  if  we  suppose  B  to  re-  its  greatest  elongation  ;  and  then,  the 
present  a  planet,  A  £  B  is  the  elonga^  direct  motion  exceeding  the  retrograde, 
tion,  and  in  the  case  of  an  inferior  planet,  the  whole  apparent  motion  will  again 
the  elongation  is  never  so  great  as  90°.  become  direct  till  the  planet  arrives  at 
If,  therefore,  an  inferior  planet  partake  its  greatest  elongation.  At  this  period 
of  the  sun*s  motion,  the  motion  which  the  retrograde  motion  first  disappears, 
it  thus  derives  will  appear  to  be  direct  and  then  is  converted  into  a  direct  one, 
in  every  position ;  and  this  apparent  «nd  of  course  the  whole  apparent  motion 
motion  is  to  be  combined  with  the  ap-  is  direct  until  the  same  course  of  ap- 
parent motion  resulting  from  the  planet's  pearances  recommences ;  and  it  is  the 
motion  in  its  own  orbit,  before  we  can  course  which  we  have  already  seen  to 
ascertain  what  the  real  apparent  motion  obtain  in  nature, 
would  be.  We  see,  therefore,  that  the  apparent 
Now  the  apparent  motion  resulting  motions  of  the  inferior  planets  are  not 
from  the  planet's  motion  round  the  sun  inconsistent  with  the  supposition  of 
is  sometimes  direct,  sometimes  nothing,  their  moving  in  an  orbit  round  the  sun. 
sometimes  retrograde.  In  the  first  case.  Their  phases  point  strongly  to  the  con- 
the  real  apparent  motion  will  be  the  sum  elusion  that  they  do  so:  and  nothing 
of  two  direct  motions,  and  will  of  course  could  have  prevented  us  from  at  once 
be  direct ;  in  the  second,  it  will  be  the  adopting  that  conclusion  except  the 
direct  motion  occasioned  by  the  sun*s  uncertaintv,  till  the  question  were  ex- 
motion  only;  and  in  the  last,  it  will  t)e  amined,  whether  it  could  be  reconciled 
the  difference  between  the  direct  motion  with  their  apparent  motions, 
occasioned  by  the  sun's  motion  round  It  is,  however,  worth  while  to  examine 
the  earth,  and  the  retrograde  motion  somewhat  more  minutdy  the  law  by 
occasioned  by  the  planets  motion  round  which  these  apparent  motions  are  regu- 
the  sun,  and  will  therefore  be  direct  or  lated,  for  the  purpose  of  deducing  one 
retrograde  as  the  former  or  the  latter  of  or  two  results  accurately  corresponding 
these  two  quantities  is  the  greater.  The  with  observation;  and  also  for  the 
direct  mobon  might  be  to  great  as  to  ex-  sake  of  connecting  the  phenomena  we 
ceed,  in  all  cases,  the  utmost  value  of  are  at  present  discuseing,  wOi  some 
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others  to  which  we  ihaQ  presently  ad- 
vert. 

For  this  purpose  we  must  again  refer 
to  J^.  29.  The  motion  of  the  planet 
occasioned  by  its  partaking  of  the  sun's 
motion,  bein||^  eqiud  in  all  cases  to  that 
of  the  sun  itself,  is  always  the  same, 
and  may  be  represented  by  the  line  B  6, 
of  which  the  length  will  be  known  and 
constant,  and  the  apparent  motion  by 
the  angle  B  E  6.  Let  6  B  be  produced 
to  meet  A£  in  F :  B  F  will,  as  we  have 
seen  before,  be  perpendicular  toAE. 
Now,  B  b  being  very  small,  B  £  6  roust 
be  yery  small  also,  and,  consequently, 
the  sine  of  B  £ 6  and  BEb  very  nearly 
equal:  and  also  BE  and  bE  very 
nearly    equaL     But  sin.  B  G  6  =  sin. 

6BE|^=sinFBE|4  =  cos.FEB 
Ed  £o 

^(asFEB=  90°)  =  co8.  EFBg^ 

very  nearly. 

fn^     .       ««i        .          cos.  FEB, 
Therefore  B  E  6  vanes  as  — =,-=; 

or  directly  as  the  cosine  of  the  elon- 
gation, and  inversely  as  the  distance. 

N  ow,  when  the  elongat  ion  corresponds 
on  the  opposite  sides  of  £  C,  the  dis. 
tances  are  equal  i  thus  in  Jig.  28,  £  Y, 
£  Yt ,  the  two  tanfi:ents  are  equal,  and  so 
are  £  vi ,  £  V| ,  EVi ,  EVt ,  if  the  angles 
S£Vi,S£ytareso.  The  elongations, 
however,  although  equal,  are  measured 
in  opposite  directions,  and  therefore  if 
one  of  them  be  considered  as  positive, 
the  other  will  be  negative.  But  the 
cosine  of  an  arc  is  the  same,  whether 
the  arc  be  positive  or  negative:  the 
apparent  motion  BEb,  therefore,  which 
varies  directly  as  the  cosine  of  the  elon- 
gation, and  inversely  as  the  distance, 
will  be  the  same  at  equal  elongations  on 
each  side  of  E  A:  for  both  its  elements 
are  equal  in  those  cases.  The  direct 
motion,  therefore,  given  to  the  planet  by 
its  accompanying  the  sun  is  the  same 
on  each  side  of  the  sun. 

Again,  jlhe  motion,  whether  direct  or 
retrograde,  produced  by  the  planet's 
motion  in  its  own  orbit  round  the  son, 
is  also  the  same  on  each  side  of  the 
sun.  In  Jig,  30  let  S  represent  the  sun, 
£  the  earth,  and  V  W  part  of  the  orbit 
of  an  inferior  planet,  considered  as  cir* 
cular.  Let  S  £  be  joined,  and  let  V  W 
he  two  points  in  the  orbit,  having  equal 
elongations  on  each  side  of  S  E*  As 
before,  therefore,  YE,  WE,  the  dis- 
tances of  the  planet  from  the  earth  at 
the  two  positions  are  equal,  and  so  also 
an  the  anglesSYi;  S  W£,  for  the 


triangles  £  V  S,  E  W  S  are  equal  in  all 
respects*    Now,  let  V  »,  W  w  represent 

Fig.  30. 

s 


the  portions  of  its  orbit  described  by  the 
planet  in  a  very  short  time ;  these  arcs 
will,  if  the  motion  is  uniform,  be  equal. 
Besides  this,  for  a  very  short  space,  the 
arc  will  coincide  with  the  tangent,  and 
may  be  considered  as  a  straight  line ; 
if  at  W  a  tangent  W  Z  be  drawn  in  the 
opposite  direction  to  the  arc  W  U7,  W  u? 
may  be  considered  as  a  continuation  of 
Z  W.  Treating  then  the  triangles  Y  E  v, 
WE  IT,  as  rectilinear. 


sin.YEt?  =  sin.  EYr 
^  very  nearly. 


Yv 
Ev 


-  sinEYt; 


sin.  WE  10  as  sin.  EWv 
Wo? 


VTw 
Ew 


sin.  EWZ  ^~  very  nearly,  (sin.  EWZ 

s  sin.  £  W  tr)  and  sin.  YE  v = sin  WE  w  *. 
for  Yw=Wa^,  EY=£W:  and  EYr 
=  EYS-SY»  =  EW8-SWZa: 

EWZ.  The  angles  YEt;,  WEw, 
or  the  apparent  motions,  depending  upon 
the  motion  of  the  planet  round  the  sun, 
are  therefore  themselves  equal  in  cor- 
responding positions  on  cQiferent  sides 
of  the  sun. 

It  is  evident,  therefore,  that  the  whole 
apparent  motions  of  the  planet  must 
correspond  on  each  side  of  the  sun :  for 
these  are  always  the  sum,  or  the  diffe- 
rence of  the  apparent  motions  derived 
from  the  planers  motion  round  the  son, 
and  from  the  sun*s  motion  round  the 
earth :  and  as  each  of  these  is  the  same 
at  equal  elongations  each  way,  their  sum 
or  difference,  or  the  whole  apparent  mo- 
tion, must  be  equal.  We  should  there- 
fore find  the  retrograde  motion,  l>efore 
and  after  inferior  conjunction,  equal:  the 
stationary  points  at  the  same  elongation, 
the  rate  of  motion  at  equal  distances 
always  equal«-«ad  so  we  yeiy  neariy  do. 
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In  tfune  dedoctioTts,  lioif^evet,  w«  hsV«       Anotliel^  Httvfci^  diffcf«flee  comitfi  in 

floppostd  the  orbits  eireulav,  and  the  this :  thati  whereas  the  inferior  planet* 

motion  uniform :  if  either  of  these  sup-  are  neter  teen  beyemd  a  certain  aistance 

positions  be  inaccurate,  our  results  will  Drem  the  sun,    and  ooeasionalty  pass' 

not  accurately  apply.    With  respect  to  between  the  tun  and  the  earth,  these 

the  sun,  we  know  them  to  be  inaccurate,  phmets  are  teen  at  aQ  distances  frotn 

for   his  orbit  is  an  ellipse,  and    his  the  sun,  and  neter  pass  between  the 

motion    unequal,    dependinn:   on   the  sdn  and  eartK    Thby  are,  indeed,  seen 

variation  in  his  distance.    8till»  as  the  on  the  line  joining  the  sun  and  the 

ellipse  in  which  he    moves  does  not  earth  ;  but  it  is  on  th«  side  opposite  to 

differ  much  from  a  circle,  and  as  the  the  tun,  or  it  the  distance  of  180^  fyrom 

inequality  of  his  motion  is  small,  our  him.     At  thik  time  they  are  said  to  be 

conclusions,  deduced  on  the  erroneous  in  opp^tkm.    Their  motions  may  also 

suppositions  we  have  adopted,  will  differ  be  ascertained,  to  as  to  enable  lis  to 

but  little  from  the  truth;  and  will  suffi-  oompnte  that  they  are,  at  given  times, 

ciently  explain  the  manner  in  which  his  in  the  line  joining  the  earth  and  snn,  on 

motion  will  affect  the  apparent  motion  the  tame  side  as  the  sun,  or  4n  cot^fmne^ 

of  fL  planet  revolving  round  him,  though  tion :  but  their  distances  from  the  earth 

they  will  no  longer  be  accurately  corr^  are  then  greater  than  the  sun's  distanoe^ 

as  it  representation  of  the  amount  to  olr  they  are  beyond  him,  just  at  the  in- 

whieh  it  does  so.    In  the  same  way,  if  fetior  j)lanets  are  when  in  superior  cm^ 

we  were  to  suppose  the  orbit  of  the  jundtmi.    The  points  of  oppoHiwn^  ii| 

planet  some  curve,  difFerinff  not  very  thfe  case  of  a  superior  planet,  and  of 

considerably  from  a  circle,  the  general  inferior  conjunction  in  an  inferior  one, 

effect  of  this  motion  in  such  an  orbit  are  in  the  same  line  with  these^  but  oH 

^!N»uld  \»  sufficiently  represented  by  the  the  opposite  side  of  the  sun :  the  points, 

conclusions  we  hate  already  deduced ;  therefbre*  of  superior  conjunction  in  (he 

though  many  particulars  would  cease  to  one  easev  Mid  of  Cenjunetien  in  the  ether ; 

be  accurately  correct.    For  instance,  and  those  ef  inferior  conjunction  in  the 

the  point  of  greatest  elongation  might  one  case,  and  of  oppotihon  in  the  othe^, 

not  accurately  correspond  to  that  when  s^em  to  have  a  certain  degree  of  oorre- 

exactly  half  the  disk  of  the  planet  was  spondenoe. 

visible ;  for  the  line  drawn  fh)m  the  sun       Tbejr  oenespond  aise  in  another  re- 

to  that  point  might  not  be  exactly  per-  narkaUf  respect   The  tup^rior  planets, 

pendicuJar  to  the    tangent   then:  the  as  well  is  the  InHnrior,  appear  toihetimes 

apparent    motions    at  equal    opposite  to  have  a  dfa-eet,  sotnetitaes  a  retrograde 

elongations  imghl  not  be  exactly  equal:  motion  $  and  they  also,  hke  the  others, 

fol*  neither  the  distances,  the  amount  of  are  stationary  for  an  intenral  twtween 

the  actual  motions,  nor  their  direction,  the  two^    In  the  case  of  the  superior 

might  accuratdy  correspond.    Still  they  planets^  the  oor^umfion   takes   plaee 

would  not  diffl^r  much,  and  the  par«  during  the  period  of  direct  niotkiti,  as 

tieular  conclusions  we  have  come  to  we  have  already  seen  that  the  euperior 

would  not  be  far  from  the  truth :  and  ew^imuHon  of  an  intiBrior  planet  does ; 

the.  general  prinei(^s  by  which  direct  and  the  ofpoeiUon  takes  place  during 

and  retrograde  motion,  and  the  exist*  the  period  of  retrograde  motion,  as  we 

en^  and   situation   of  the  stationary  have  aheady  seen  that  the  ^mof  con* 

points  are  accounted  for,  woold  evi-  jmdum  of  an  hiterior    planet    doee. 

dently  remain  una£^ted.  Besides  this,  we  find  the  Apparent  dia- 

wfm^i  Mohone  qf  the  Superior  ^  approach  eonjundtion,  when  they 
^^^^"  are  least :  another  eircumstanoe  ef  the 
Tub  phases  of  the  superior  planefai  same  kind  of  oorrespendence. 
present  but  little  that  is  observable;  Taking  the  whole  course  of  a  superior 
Mars,  indeed,  is  oocasionaUy  very  per-  planet  from  one  opposition  to  another, 
ceptibly  gibbous;  but  even  he  never  we  find  its  apparent  motion  at  first  re- 
assumes  the  a[^aranoe  of «  semicirele,  trograde,  then  at  a  certain  elongation 
or  of  a  crescent :  and  the  other  superior  the  planet  k>ecoaes  stationary,  then  its 
planets  are  hardly  seen  to  present  less  motion  is  direct,  and  continues  so  while 
than  their  full  face  to  en  observer  at  the  it  passes  through  Conjunetion,  and  till 
earth.  This  constitutes  a  marked  dif^  it  arrives  at  very  neariy  the  same  elon- 
ferenoe  between  their  appearancM  and  gtlion  on  the  olh»r  side  of  the  sun  as  it 
tbote  of  ibe  iafsmv  jfiMM.  More  ted  nt  itt  stiticakiy  ]^t  t  thett 
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it  a^ain  become!  stdidhary,  and  then 
its  motioTT  again  beeomeii  refro^ade, 
till  it  is  again  in  opposition.  These  ap-i 
pearances,  a^  far  as  they  go,  /exactly 
correspond  with  those  of  an  inferior 
planet,  tnbstitUting  only  the  words 
tonjuncHon  for  iuperior  wnjunetion^ 
and  cppotitioH  for  tn/eriar  wr^tmctnm. 
They  are  not,  however,  all  the  appear- 
antes  of  an  inferior  frfanet»  for  (he 
remarkable  cireumstancee  of  the  pomts 
of  greatest  elongation,  and  of  the  re^ 
eurrence  df  all  the  phases  eihibited  by 
the  moon,  are  wanting. 

The  want  of  these  makee  k  less  e*fty» 
than  in  the  ease  of  an  inferior  i^net^ 
to  divine  the  law  of  their  motiens;  ahd, 
as  these  planets  arb  seen  at  all  an^lar 
distances  from  the  sun,  there  is  not  the 
same  obvions  reason  as  before  to  eon- 
lecttire  that  their  motiont  depend  upon 
his.  Still  there  is  a  general  similarity 
m  the  two  seta  of  appearances,  whteh 
makes  it  natural  that  we  shoukl  inquire 
whether  they  cannot  be  explained  in  tlie 
same  manner. 

For  this  purpoee,  let  nt  again  take 
the  case  of  a  planet  tuppoeed  to  move 
in  a  circular  orbit  round  the  sun ;  and 
as  before,  let  us  omit  ibr  the  present^ 
for  the  sake  of  simplicity,  all  conftidera- 
tion  of  the  tun's  motion.  The  earth, 
being  between  the  sun  and  the  planet 
when  the  latter  it  in  opposition,  must 
then  lie  at  a  point  mmn  the  orl>it  of 
the  planet.  Let.  then,  in  Jig.  31,  the 
circle  represent  the  orbit  of  the  planet ; 
S,  its  centrey  the  tuH,  and  B^  tha  earth ; 


and  draw  the  diameter  0  S  E  Q  tbrouffh 
£j  C,  therefore,  will  evidently  be  the 
pomt  of  conjunction,  and  D  the  point 
of  opposition. 

Now  £  O  is  the  shortest,  and  E  C  the 
longest  line  which  can  be  drawn  from  S 
to  th^  circumier^oe  of  the  circle  i  and 
idl  ouier  lines  so  drawn  are  continually 


greater  as  thcff  ncede  l^dto  fi  O  and 
approach  EC»  and  then  arain  eonti- 
aually  less  as  they  recede  from  EC  on 
the  other  side,  and  approach  E  O.  The 
distanee.  therefore^  of  the  planet  front' 
the  earth  is  least  in  opposition,  and  ooit< 
tinually  increases  thence  till  the  planet  is 
m  coi^unction,  when  it  is  greatest ;  and 
the  apparent  diameter  js  of  course 
greatest  in  opposition,  and  continually 
lesa  thence  till  the  planet  is  in  coiijune> 
tion,  when  it  is  least.  Again,  if  M  ift 
b6  points  on  opposite  aides  of  E  C,  at 
equal  distances  from  C,  EM,  E m,  are 
equal ;  and  of  course  the  apparent  dia- 
meter  at  M  and  m  are  so  also.  Tha 
same  course  of  phenomena,  therefore, 
succeed  each  other  in  a  reverse  order, 
t\  corresponding^  distances  on  the  other 
side  ofC,  and  the  (mparent  diameter 
continually  decreases  n-om  opposition  to 
conjunction.  I'he  phenomena,  there* 
fore,  as  in  the  case  of  inferior  planets, 
correspond  on  this  supposition  with  ot>- 
servation. 

Supposing  the  planet  itself  to  be  sphe- 
rical, the  portion  of  the  disk  Visible  would 
vary  (p.  76)  as  the  versed  sine  of  the 
exterior  angle  of  elongation.  At  th0 
points  O  and  C,  this  angle  is  evidently 
180°,  or  its  versed  sine  is  the  whole  dia- 
meter, and  the  full  enlightened  face  of 
the  planet  would  be  turned  towards  the 
earth.  At  any  intermediate  point  M, 
this  will  not  he  so :  the  sun  and  earth 
not  being  in  the  same  line  from  the 
planet  would  have  different  parts  of 
its  surface  turned  towards  them;  and 
phases  would  be  occasioned.  The 
amount  of  these  vaHations  depends  on 
the  extent  by  which  the  angle  8MY 
differs  from  180®,  or  it  depends  on  the 
magnitude  of  the  angle  t)  M  S  (the  angle 
subtended  at  the  planet  by  the  distance 
between  the  sun  and  earth,  ortheearth*s 
elongation  at  the  planet),  fbr  B  M  S  and 
S  M  Y  togetheir  make  up  1 80^ 

Now  if  w^  draw  the  lines  C  M,  M  O, 
the  angle  C  M  O,  whenever  the  point  M 
is  taken  between  C  and  O,  is  the  angle 
in  a  semfcnrele,  and  therefore  a  right 
anglie;  And  it  will  obviously,  in  all 
cases,  be  composed  of  three  parts, 
CMS,  SME,  EMO;  and,  conse- 
quently, B  M  8,  being  one  of  these  parts, 
will  be  lees  than  a  right  angle.  S  M  Y, 
therefore,  will  be  in  all  cases  greater 
than  90^,  and  the  planet,  though  it  may 
become  gibbous,  can  never  haVe  half  its 
faoo  hidden,  or  become  a  crescent 

E8 
Again,  sin,.8HS  ai  suu  8EM »^i 
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and  as  ES,S  Mare  constant  quantities,  ,   *!.•*         ^^     *     -.-    o    »u;«fi 

the  sinejof  SME,  and  consequently  '^^ ^  «"<^ SM '^  ?   "*'  •^' 

S  M  E  itself,  is  greatest  whra  sin.  S  E  M  therefore  is  the  greatest  possible  value 

IS  greatest,  or  when  S  E  M  is  a  right  ^^  ^j^  g  ^  g,  but  cos.  S  M  E  = 

angle,  or  the  planet  tn  quadraturesy  as       ^ ! —        ^ . 

it  is  termed.    The  angle  S  M  Y,  there-  V^ ""  ^in- "  S  M  E  =  V*  -  •  ^^  =  V  • »« 

fore,  is  then  least;  and,? consequently  =  .9^98  nearly,  and  versin.  SMY  = 

the  visible  part  then  diifers  most  from  a  1  +cos.  S  M  E  =  1 .  9798  nearly,  a  quan- 

circle.    And  this,  in  observations  of  the  tity  differing  from  the  diameter  by  very 

planet  Mars,  on  which  alone  they  can  little  more  than  a  hundredth  part.    The 

be  effectually  made  for  this  purpose,  is  whole  variation,  therefore,  of  the  phases 

found  to  be  the  case.  ^^  Jupiter  would  only  be  about  a  hun- 

The  sine  of  the  angle  SME  at  this  dredth  part,  and  he  would,  to  all  com- 

gg  mon  observation,  appear  round  at  all 

time  =  Q-iTf;  or  it  varies  inversely  as  times.    The  same  remark  would  apply 

«  ^,    „°  "*^  ,.        .,.,.,      ^,       . -x  yet  more  strongly  to  planets  still  more 

SM,  the  radius  of  the  planets  orbit,  distant  from  the  sun.  which  we  shall 

The  greater,  therefore,  this  radius,  the  ^^^  xo  be  the  case  of  Saturn  and  Uranus, 

less  IS  the  extreme  value  of  S  M  E,  and  yf^  ^^^  therefore,  that  if  the  distances 

the  less,  consequently,  the  utmost  dif-  ^f  t^e  superior  planets  are  sufficient, 

ference  of  the  observed  disk  from  the  ^^^  ^^nt  of  phases  corresponds  with 

complete   circle.      We  see.  therefore,  the  supposition  of  their  revolving  round 

that  the  difference  of  phases  must  ne-  the  sun.  just  as  weU  as  the  variety  of 

cessarily  be  less  m  the  more  distant  the  phases    presented  by  the  inferior 

planets ;  and,  consequently,  that  their  planets  does. 

appearance  with  faces  almost  uniformly  n  remains  to  see  whether  the  same 

full,  is  the  result  which  would  follow  supposition  will  account  for  their  direct 

from  their  revolving  round  the  sun  at  ^^  retrograde  apparent  motions.    It  is 

distances  far  exceeding  that  of  the  sun  plain  that  the  whole  motion  produced  by 

from  the  earth.  the  revolution  of  the  planet  round  the 

It  may  be  worth  while  to  compute  one  gyn^  supposing  the  sun  to  be  at  rest, 

or  two  numerical  values  to  see  how  far  ^ould  be  direct:  for  if,  in  y?g.31.  the 

this    operates;    versm.  SMY  =  1  +  course  ofthe  planet's  motion  be  OMCm, 

cos.  SME.                             ^    .    ,. .  it  is  evident  that  the  angle  OEM  will 

Let  us  suppose  S  M  E  =  450 ;  m  this  continually  increase  as  the  planet  moves 

<»f»A  ^A«  Q  TUT  17  ^     ^      ^   7n  -71   Srn  fro^i  O  towards  M  and  C,  and  that  the 

case  COS. 9  jml  js*  ^    . ss  ./u  71,  occ,  ..            , .,            , .  v  •            .^j 

^  2  motion  round  the  sun,  which  IS  measured 

and  the  versm.  SMY  =  1.70  71  &c.  by  the  angle  OSM,  being  direct,  the 

3  apparent  motion  round  the  earth,  which 

at  its  least  value,  or  less  than  -~  of  the  is  measured  by  the  angle  OEM,  rvill  be 

..       .            ..J,        ,       .,1      *•  direct  also,  that*  angle  being  measured 

*''"J^*?K»5*'  ^^^^u^  ^^^"^  r^*'  ^^  •"''Ii!*  in  the  same  direction.    The  rate  of  this 

most  gibbous.    This,  t^fefoW'j  »  t»^e  apparent  direct  motion  will  be  different 

extreme  value  when  —^  =:  -7=,   or  ^^  different  places ;  being  greatest  at  O 

S  M-       ij  ^  where  the  distance  is  least,  and  conti- 

SE  :  SM  ::  1  :  1.4142.     in  the  case  nually  diminishing  thence  to  C  where  the 

of  Mars,  the  nearest  of  the  superior  pla-  distance  is  greatest,  and  then  increasing 

nets.  S  M  exceeds  S  E  in  a  greater  pro*  by  corresponding  degrees  from  'C  to  O. 

portion  than  this,  and  the  gibbousness  being  idways  equal  at   corresponding 

will,  therefore,  even  in  this  case,  be  less  points  on  opposite  sides,  the  distances 

than  that  which  we  have  deduced.    In  and  the  angle  made  by  the  direction  of 

fact,  in  that  instance,  the  greatest  value  the  motion  with  the  line  joining  the 

ofversin.  SMY  is  about  1 .  75,  or  seven-  earth  and  planet  being  equal  in  those 

eighths  of  the  diameter.    Again,  let  us  cases.    This  motion,  then,  being  always 

take  the  case  of  a  planet  revolving  round  direct,  seems  to  furnish  no  explanation 

the  sun.  at  a  distance  five  times  as  of  the  phenomena  in  question, 

great  as  the  sun's  distance  from  the  In  the  case,  however,  of  the  inferior 

earth.    The  distance  of  Jupiter  from  the  planets,  it  was  only  by  combining  the 

sun  is  rather  more  than  this,  and  conse-  motions  produced  by  the  revolution  of 

quently  his  phases  would  be  rather  less  the  sun   itself  round  the  earth,  with 

considerable  than  those  which  will  be  those  produced  by  the  revolution  of  the 

deduced  on  this  suj^ositioo.  ^         ^  jdaaet  round  the  sun,  that  we  arrived  at 
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a  correct  explanation  of  the  phenomenon  any  stationary  points,  or  any  retrograde 
of  the  apparent  motioa  We  proceed,  motion,  will  depend,  as  in  the  former 
therefore,  to  combine  these  motions  now;  case,  on  the  relative  amounts  of  the  ab- 
and  in  doing  so,  we  observe,  that  it  ap*  solute  motions  of  the  planet  round  the 
peared  in  p.  1 07  that  the  apparent  motion  sun,  and  of  the  sun  round  the  earth,  and 
produced  oy  the  motion  of  the  sun  round  also  on  the  relation  of  their  re8]>ective 
the  earth  would  be  direct,  as  long  as  a  distances :  but  it  is  obvious  that,  in  this 
planet  was  on  the  same  side  of  the  earth  case  also,  these  may  be  such  as  to  ac- 
as  the  sun  was,  or  as  long  as  its  elonga-  count  correctly  for  the  apparent  motions 
tion  did  not  exceed  90*^,  but  would  be-  of  the  planets.  The  phenomena  of 
oome  retrograde  as  soon  as  ever  it  ex-  their  phases  and  apparent  magnitudes 
ceeded  this  quantity.  In  the  case  of  an  we  have  already  seen  to  correspond  with 
inferior  planet  it  never  does  so ;  in  the  the  supposition  of  their  motion  round 
case  of  a  superior  planet  it  does.  As  the  sun.  We  see  therefore,  that  all  the 
toon,  therefore,  as  tnis  takes  place,  or  appearances  of  the  planets,  whether 
whenever  the  planet  is  between  its  qua-  superior  or  inferior,  may  be  thus  occa- 
drature  and  its  opposition,  the  apparent  sioned ;  and  we  proceed  to  inquire  more 
motion  resulting  n-om  the  sun's  motion  minutely  whether  they  are  so. 
in  its  orbit  becomes  retrograde,  and  is  Before  entering,  however,  on  that  in- 
opposed  to  that  arising  from  the  planet's  quiry,  it  is  necessary  to  observe,  that  the 
motion  round  the  sun.  When  this  re-  same  degree  of  inaccuracy,  and  no  more, 
trograde  motion  is  e<]ual  to  the  direct  will  be  introduced  into  the  results  de- 
motion, the  planet  will  be  stationary,  duoedfrom  superior  planets,  which  we 
when  it  exceeds  it,  the  whole  motion  have  already  observed  to  exist  in  those 
will  be  retrograde.  obtained  with  respect  to  inferior  ones,  if 
Now,  as  the  amount  of  the  apparent  re-  their  supposed  orbits  be  not  accurately 
trograde  motion  (p.  Ill)  is  equal  at  coir-  circular,  but  differ  little  from  circles, 
responding  positions  on  each  side  of  the  The  general  explanation  will  still  be  ap- 
point of  opposition*  ;  the  same  appear-  plicable,  but  the  motions  on  each  side  of 
ances  of  retrograde  motion  must,  there-  the  point  of  opposition  will  not  be  pre- 
fore,  succeed  each  other  in  a  reverse  oisely  similar. 

order,  in  the  passing  from  opposition  to  There  is  another  remark  also,  which 
quadrature,  which  had  taken  place  in  it  may  be  worth  while  to  subjoin.  The 
passing  from  the  former  quadrature  to  whole  apparent  motion  is  combined  of 
opposition.  We  have  already  seen  that  those  produced  by  the  revolution  of  the 
the  direct  motion  produced  by  the  planets  planet  round  the  sun,  and  that  of  the  sun 
revolution  round  the  sun  is  also  equal,  round  the  earth.  Of  these,  one  is  always 
in  corresponding  situations,  on  both  sides  direct,  and  one  is  alternately  direct  and 
of  the  point  of  opposition.  The  whole  retrograde ;  but  it  is  remarkable  that 
apparent  motion,  therefore*  which  will  they  change  their  characters  as  the  pla- 
aiways  be  the  sum  or  difference  of  the  net  is  an  inferior  or  a  superior  one;  the 
^>parent  motions  derived  from  these  two  motion  of  the  planet  round  the  sun  pro- 
causes,  will  be  equal  in  corresponding  ducing  an  apparent  motion  alternately 
positions,  whether  it  be  direct  or  retro-  direct  and  .retrograde  in  the  case  of  an 
grade ;  and  the  stationary  points  in  the  inferior  planet,  but  always  direct  in  that 
tame  manner,  if  there  l>e  any,  will  be  of  a  superior  planet ;  and  the  motion  of 
iMtween  quadratures  and  opposition,  and  the  sun  round  the  earth  producing  an 
will  be  at  equal  distances  from  the  point  apparent  motion,  always  direct  in  the 
of  opposition.  Whether  there  will  be  case  of  an  inferior,  but  alternately  direct 
-r-r ,   . ,.   _, .  ^^^.    „  .^,  and  retrograde  in  the  case  of  a  superior 

*  The  amount  of  the  retrograde  motion  at  any  .               o                                               r 

particular  point  Tarlee,  as  we  hare  already  Men,  planet. 

direcUy  aa  the  eoaine  of  the  elongaUon,  and  in-  Xhc  wholC  apparent  motlOn  IS  rctrO- 
▼eraelyaa  the  dlatance  (a  fact  which  would  by  Itself  --^^  ^..i^  wVuTn  the  retrograde  nart 
b»Te  tufflclently  fnrnlahed  u«  with  the  proof  that  ff^^^  omy  wncn  me  rcirogrwie  pan 
it  becomes  retrograde  when  the  elongation  is  eXCCeds  the  durect  part  Ot  tnc  mOtlon. 
greater  Uian  90°,  for  then  tiM  cosine  of  tiie  elon-  j^  ^^  ^j^^  ^f  ^  inferior  planet  the  re- 
cation  becomes  negative.)    It  therefore  continu-  *••  "»«  ^-^^            i  ^:««4U^5  ^-«j„«.^  k-. 

Sly  lucreasei  from  quadratures  to  opposition,  for  trogradc  moUon  being  then  produced  by 

the  cosine  of  elongation  is  continually    greater  (he  motion  of  the  planet  rOUUd  the  SUn, 

as  the  angle  approaches  180°,  and  the  distance  con-  ...              ^^  r^            ^   *i^^  its  eflPect  to  a 

ttnuaUy  diminishes  as  the  body  approaches  O.  the  tttlS    musi   DC  SUCn  xr»l  US  eneci  10  a 

point  of  opposition.  At  equsl  diatances  on  each  spectator  at  the  earth  18  greater  than 

Bide  or  the  point  of  opposition,  the  retrograde  jij^tof  the  suu's  motion  round  the  earth. 

motions  are  equal,  aa  the  cosines  of  the  elongation  J^?*  */     "1.    ^  u^^A     ;«    iK**  ^oo^  «f   « 

.re  equal  (fo?co..ci80°- A)-cos.  (IBO^+A))  On  the  other  himd,  m  the  case  of  a 

•i>d1^eMt\iaiduuuief.ttciqi»iaisa.           '  supenor  pUnct,  the  retrograde  moUoa 


114  ASTBONOliy.  [IV.}  4, 

bttngprodiMdbf  the  notion  of  the  sun  tionof  thoopptrent  pUuswof  S«iidM» 
round  the  earth,  the  motion  of  the  planet  and  the  proportion  of  the  sides  E  S> 
round  the  sun  must  be  such  that]  its  £  M,  from  the  proportion  of  their  re- 
effect  to  a  spectator  at  the  earth  may  be  spective  parallaxes.  Now  in  every  tn- 
kss  than  that  of  the  sun's  motion.  an^le,  when  three  elements,  one  at  least 
We  shall  hereafter  see  tlmt  these  van*  l)eing  a  side  of  the  triangle,  are  known* 
Otts  differences  in  the  effects  produced  by  the  rest  may  be  computed.  We  have, 
the  application  of  one  principle  under  therefore,  the  means  of  computing  the 
different  circumstanoes,  correspond  ao*  value  of  the  side  8  M,  in  terms  of  the 
eurately  with  a  veiy  simple  and  most  side  S  £,and  also  the  value  of  theande 
important  law.  £  8  M.    We  know  the  position  of  the 

line  £  S,  or  the  apparent  direction  of  the 

«  Y«f     rv^  ^L     ft^  ^*         ^  <v  sun  as  seen  from  the  earth ;  we  know» 

8«CTX0if  IV  -On  the  Mottom  of  the  ^^^,^f^l^^  the  position  of  the  line  S  £, 

Flanets  generaUy.  ^^  ^^^  apparent  direction  of  the  earth  aa 

Trb  moat  important  elements  to  be  in-  seen  from  the  sun,  and  knowing,  alsot 

festif ated  with  respect  to  the  supposed  the  value  of  the  angle  £  S  M,  and  the 

orbits  of  the  planets  round  the  sun,  are  plane  in  which  it  is  measured  (for  this 

their  figure,  their  magnitude,  and  the  is  the  plane  passing  through  £  8  and 

time  which  the  planet  takes  in  deserib-  M),  we  know  the  exact  direction  of  the 

ing  them,  or,  as  it  is  termed/.the  periodic  point  M  as  seen  from  S.    We  know, 

time  of  the  planet    As  our  observa*  therefore,  the  position  and  distance  of 

tions  are  only  made  at  the  earth,  it  is  the  point  M  with  respect  to  8 ;  or  we 

evident  that  there  must  be  considerable  ascertain  one  point  in  the  orbit  of  the 

diffieulty  in  deducing  from  them  all  these  planet. 

elements,  referred  as  they  are  to  another       Some  additional  oonCNetness  may  be 

point,  situated  at  a  vast  distance,  and  given  to  these  observations  by  a  very 

itself  in  continual  motion.    It  would  be  simple  consideration,  which  will   also 

foreign  to  the  purposes  of  tiiis  treatise  enable  us  to  dispense  in  some  cases  with 

to  enter  into  the  details  of  the  necessary  the  observation  of  the  parallax  of  the 

investigations;  but   it  will    be  worth  planet  at  alL    The  parallax  varies  in- 

while  to  point  out  the  possibility  of  con-  verseJy  as  the  distances  of  the  body ; 

dueling  them,  before  we  state  the  rssulta  and  so,  for  the  same  body,  does  the  ap^ 

to  which  they  lead.  parent  diameter.    The  puallax,  there- 

We  can  determine  the  apparent  po«  fore,  vanes  as  the  apparent  diameter ; 

sition  of  a  planet  at  any  instant  by  ob«  and  if  several  observations  of  the  planet 

servations  of  its  right  asoension  and  in  different  positions  be  made,  aivl  the 

declination ;    and   knowing  the   Bun*8  apparent  diameter  and  parallax  aseer* 

motion,  we  know  the  sua*s  position  at  tained  in  each,  the  relation  of  the  paral- 

the  same  time,  although  he  may  be  be«  lax  to  the  apparent  diameter  (which  wiU 

low  the  honson,  and  consequently  not  be  the  same  as  the  ratio  of  the  real 

the  subject  of  immediate  observation ;  diameters  of  the  earth  and  planet)  will 

and  consequently  the  angle  between  the  be  ascertained  by  a  comparison  of  these 

apparent  positions  of  the  sun  and  planet  observations.    One  observsjtion,  if  its 

at  the  time,  or  the  angle  made  by  the  accuracy  could  ht  relied  upon,  would 

line  joining  the  earth  with  each  of  them^  be  sufficient  for  this  purpose  ;  but  the 

may  be   ascertained.     The   distances*  mean  result  of  several  is  not  likely  to 

abo,  of  the  sun  and  of  the  planet  from  differ  much  from  the  truth,  and  its  cor<^ 

the  earth  at  that  time,  may  be  asoer*  rectness  will  be  the  more  to  be  relied 

iainad  by  observation  of  their   paral*  upon  in  proportion  as  the  individual  ol> 

laxes ;  though  a  minute  error  in  these  servations  more  nearly  approach  to  each 

observations  is  of  aomueh  imfiortance  other. 

that  any  estimate,  so  obtained,  is  liable       When  this  relation  is  once  ascer- 

to  considerable  inaccuracy.     It  may«  tained,  we  need  not  trouble  ourselves 

however*  be  used  as  furnishing  at  least  further  with  the  difficult  and  compile 

an  approximate  value ;  and  the  prgpor*  cated  observations  necessary  to  ascer- 

tion  which  these  distances  l>ear  to  each  tain  the  parallax.    This  element  may  be 

other  will  be  thus,  to  a  certain  degree,  at  once  deduced  from  the  apparent  ma^- 

ascertained.     If,  therefore,  in  fig.  Si,  nitude,  which  may  be  more  easily  ob- 

£  repnsenta  the  earth,  S  the  sua,  and  s^ed,  both  because  it  is  ascertained  by 

M  the  planet,  as  before,   the    an^e  a  single  observation  instead  of  requiring 

8  £  M  may  be  deduoed.tooi  obaarvn^  the  comparison  of  observations  madeu 
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differtnt  timn  or  plaots,  wA  b#aAu«e  qnently  a  point  in  the  inteneetioii  of 

in  the  planets  whose  parallax  is  smallest  tnat  plane  with  the  ecliptic,  or  in  the 

and  most  difficult  of  observation,  the  line  joining  the  nodes ;  and  the  planet 

apparent  ma^itude  greatly  exceeds  the  passing  round  the  sun,  the  nodes  must 

parallax  and  Us  variations  of  oourse  are  be  on  opposite  sides  of  that  body,  and 

greater  also.  must,  tnerefore^  with  reference  to  that 

Considerations  arising  in  a  more  ad-  body,  be  180°  from  each  other.    If* 

yanced  state  of  our  knowledge,  furnish  therefore,  the   motion   of  the   planet 

much  more  accurate  and  ready  methods  round  the  sun  were  aeourately  circular 

of  ascertaining  the  elements  in  ques*  and  uniform,    exactly  half  the   orbit 

tion  ;  but  for  the  present  it  is  sufficient  would  be  between  each  node,  and  the 

to  have    explained   the  possibility  of  time   which    intervenes    between   the 

ascertaining  them ;  and  that  sufficiently  planet's  appearance  iq  each  would  be 

appears  from  the  method  above  pointed  equal.     If  it  is  not  so,  the  supposition 

out.  either  of  circular,  or  of  uniform,  motioa 

The  same  method  may  obviously  be  must  be  incorrect,  or  both  may  be  so. 

applied  to   the  ascertainment  of  any  If,  however,  the  nodes  themselves  are 

number  of  points  in  the  orbit  of  the  fixed  points,    the   whole   time  of  the 

planet ;  and  consequently  to  the  deter*  planet's  passing  from  one  node  till  it 

mination  of  the  figure  and  magnitude  returns  to  the  same  again,  will  be  tha 

of  that  orbit  itself.  Among  the  diiSerent  whole  periodic  time  oi  the  planet,  with 

results  of  such  an  investigation,  we  whatever  inequality  that  time  is  divided 

should  at  length  discover  one  which,  at  the  other  node;  and  if,  therefore, 

would  correspond  in  every  particular  to  this  whole  time  can  he  ascertained,  the 

some  former  one ;  that  is  to  say,  we  |wnodie  time  is  found  also,  if  the  node 

should  find  the  planet  again  in  the  same  is  a  fixed  point, 
position  with  respect  to  the  sun  in  whi<^       Now  both  tha    time  at  which  the 

we  had  ascertaii^Bd  it  to  be  at  the  period  planet  is  in  the  node,  and  the  position  of 

of  some  previous  observation.    The  in*  the  node  itself,  are  veiy  easily  aseer* 

larval  between  these  two  observations  tained.    The  latitude  and  longitude  of 

would*  therefore,  be  the  periodio  time  any  body  in  the  heavens  may  be  de« 

of  the  planet ;  and  we  thus  see  that  we  duced  from  observation ;  the  latitude  of 

have  the  means  of  ascertaining  all  tha  the  node,  which  is  a  point  m  the  plana 

elements  in  question,  although  subject  of  the  ediptic,  is  nothing.    To  find  its 

toconaiderableinaacoraey  from  the  uno  position,  therefore,  let  us  suppose  ob- 

avoidabla  imperfections  of  observation*  servations  of  the  planet  made  on  tha 

The  periodic  time,  however,  is  aa  meridian  on  two  sueceasive  days,  on  one 

element  of  the  utmost  importance,  and  of  which  it  is  north,  and  on  the  other 

there  arc  other  methods  by  which  it  may  south,  of  the  eoliptio.    Its  positions  at 

be  found  with  so  mudi  more  accuracy,  this  time  being  ascertained,  the  arc  of 

and  so  much  more  ease,  that  it  is  worth  its  orbit  is  aaoartained  also,  and  eonso- 

while  to  indicate  some  of  them,  parti*  quently  the  point  at  which  it  enters  tha 

cularly  as  some  of  their  circumstances  ediptio,  or  the  position  of  the  node ; 

correspond  to  other  important  results.  and  as  the  motion  of  tha  planet  during 

We  have   already  stated   tliat  the  a  single  day  may  Im  considered  as  uni* 

planets  are  found  at  yarious  distances  form,    (for    observation    conclusively 

north  and  south  of  the  ecliptic.    Their  inroves  that  ita  variation  during  that 

motions,  therefore,  are  not  in  the  plane  time  must  be  very  iaeonsiderabl^)  tha 

of  the  ecliptic,  for  if  they  were,  the  axaot  time  of  ita  being  in  the  node  will 

earth  being  itself  in  th^  plana,  they  be  found  alao ;  for  tha  interval  between 

would  alwaya  be  seen  somewhere  in  its  that  time  and  tha  time  of  the  first  ob* 

interseotioo   with  the   sphere   of  the  aervation  will  bear  the  same  proportion 

heavens,  or  in  the  celestial  ecliptic  to  tha  whole  intarval  between  toe  two 

Each  planet,  however,  is  found  alter*  observations  that  the  distance  of  the 

nately  above  and  below,  or  north  and  node  from  the  planef  s  place  at  the  tima 

south,  of  the  ecliptic.    Its  orbit,  therein  of  tha    first  observation  l)aars  to  the 

fi>re»  intersects  that  plane,  ana  must  whde  arc  described  by  the  planet  in  its 

have  nodes,  according  to  the  explanai-  orbit  in  the  interval  between  the  two 

tion  already  given  of  that  term.    Again  observations. 

it  is  found  by  the  observations  which       The  period,  therefore,  of  the  planef  a 

we  have  made  that  the  sun  is  in  the  being  m  the  node,  and  the  position  of 

pJaofi  of  the  planet^a  orbi^  and  oonsc*  theimde,  mi^  be  aaoartained.  Tba  aama 

I  2 
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observations  may  be  repeated  when  it  if  barrassed  by   considerable    labour  of 

near  the  opposite  node ;  and  the  exact  computation,  but  merely  illustrate  the 

time  of  its  being  there  ascertained  also ;  principle  by  easy  numbers  chosen  for 

and  ag^ain  when  it  returns  to  the  node  that  purpose.    l>et  us  suppose,  then, 

at  which  we  first  observed  it    It  is  that  by  some  of  the  former  methods  we 

found  that  the  position  of  this  node  has  had  ascertiuned  the  periodic  time  of  a 

undergone  little  or  no  alteration;  the  planet  to  be  somewhere  about  3600  days; 

period  which  has  elapsed,  therefore,  is  its  mean  motion,  therefore,  in  its  orbit 

the  periodic  time.    It  is  also  found,  in  would  be  1°  in  10  days.    Let  us,  also, 

most  instances,  that   this  time  is  not  suppose  that  we  had  observations  of 

equallv  divided  by  the  instant  at  which  different  oppositions  made  at  an  inter- 

the  planet  was  in  the  opposite  node ;  val  of  720150  days  from  each  other, 

the  supposition,  therefore,  of  uniform  and  that  the  second  opposition  was  at 

motion  in  a  circle  round  the  sun  is  in-  such  a  point  of  the  heavens  that  the 

accurate.  planet,  at  the  time  of  this  second  oppo- 

The  method  above  explained  is  a  very  sition,  would  have  5°  of  its  orbit  to  de- 

easy  one  of  obtaining  the  length  of  a  scribe  before  it  was  exactly  in  the  same 

E articular  revolution.    It  may,  however,  position  with  respect  to  the  sun  that  it 

appen,  and  it  will  be  found  to  be  the  occupied  at  the  time  of  the  first  oppo- 

case,  that  this  period  is  not  always  the  sition.    Our  former  observations  enable 

same,  though  its  variations  are  not  con-  us  to  say  that  it  would  he  about  fifty 

siderable.     If,  however,  we  have  the  days  describing  these  5°;  and  conse- 

means  of  ascertaining  the  length   of  quently  the  whole  period  from  the  first 

time  occupied  by  many  revolutions,  the  observation  to  the  planefs  being  in  its 

avera^  length  of  .  one,  or  the  mean  original  position  with  respect  to  the  sun 

periodic  time,  may  be  ascertained ;  and  would  be  720150+50  or  720200  days, 

this  may  be  done  by  means  of  early  ob-  Now  this  period  must  comprise  an  exact 

servations  which  have  been  registered,  number  of  revolutions ;  it  is  not,  how- 

and  are  handed  down  to  us.  ever,    divisible  by  3600,   and,  conse- 

There  is  another  method,  also,  of  as-  quently,  that  number  cannot  acciurately 

certaining  the  periodic  time  which  it  is  express  the  mean  periodic  time.     If, 

desirable  to  mention,  though  it  is  appli-  however,  we  divide  720200  by  3600,  we 

cable  only  to  the  superior  planets,  whose  find  the  quotient  to  exceed  200  by  a 

periodic  times,  as  we  shall  presently  see,  small  fraction  only  (^,) ;  we  conclude, 

are  longer  than  those  of  the  inferior  therefore,  that  200  is  the  actual  number 

planets,  and  with   respect   to  which,  of  revolutions ;  and,  consequently,  that 

therefore,  it  is  more  important  to  have  720200  ^,  ,^^1  a^^^  ;«  \\^n  «,-/.«  ^ 

the  means  of  comparing  observaUons  -goT  ""'^^^^  ^^^^  '           mean  pe^ 

made  at  great  distances  of  time,  for  the  ^iodic  time.    There  are  extant  many 

purpose  of  getting  an  average  value,  early  observations  of  the  oppositions  of 

When  the  planet  is  in  opposition,  its  the  planets  Jupiter,  Saturn,  and  Mars  ; 

direction,  or  its  apparent  place,  as  seen  gome  of  them  considerably  earlier  than 

from  the  sun  and  from  the  earth,  is  the  the  Christian  era;  there  are,  therefore, 

same.    B«femng  to  ;%•.  31,  the  placet  ample  opportunities,  with   respect    to 

when  at  O  is  seen  both  from  S,  the  sun,  them,  of  making  the  computations  ex- 

and  E  the  earth,  alon^  the  same  line  plained  above ;  and  although  the  accu- 

S  E  O,  and  consequenfly  in  the  same  ^acy  of  these  very  early  observations 

pomt  m  the  heavens.    If,  therefore,  two  may  not  be  very  great,  yet  the  error  so 

oppositions  can  be  found  at  which  the  produced,  being  divided  among  many 

planet  is  seen  at  the  earth  m  the  same  revolutions,    would  be   inconsiderable, 

point  of  the  heavens,  it  will  be  seen  then  Yot  example,  in  the  instance  given,  an 

at  the  sun  also ;  and  it  will,  therefore,  gn-or  of  32"  in  the  observation  would 

be  in  the  same  relative  position  with  re-  correspond  to  two  days  in  time,  divided 

spect  to  the  sun,  or  it  will  have  com-  among  200  revolutions,  or  the  error  in 

pleted  some  exact  number  of  revolu-  the  mean  periodic  time  would  only  be 

tions.    It  is  not  likely,  indeed,  that  the  the  ^^^th  of  a  day. 

points  where  the  planet  is  seen  m  oppo-  Without  entering  farther,  at  present, 

sition  will  exactly  correspond ;  but  this  j^to  the  mode  of  ascertaining  the  im- 
is  not  necessary.   The  mode  of  proceed-    podant  elements  with  which  we  have 

ing  will  be  best  explained  by  an  ex-  teen  concerned,  we  proceed  to  state  the 
ample,  m  which,  however,  we  will  not  facts  which  have  been  discovered  with 
take  any  real  case,  which  might  be  em-    wspect  to  them.  They  were  ascertained 
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by  the  great  astronomer  Kepler,  and  are  in  an  ellipse  whose  major  axis  was  ecjual 

known  by  the  name  of  Kepler*s  laws,  to  that  of  the  ellipse  which  we  suppose 

They  are  three  in  number.  the  sun  to  describe  about  the  earth. 

1 .  The  orbit  in  which  each  of  the  This  is«  at  least,  an  extraordinary  coin- 
planets  movee  round  the  sun  is  an  el"  cidence,  especially  when  we  find  no  such 
l^s,  qf  which  the  sun  is  in  the  focus,  relation  existing  with  respect  to  the 
Iiie  eccentricity  of  this  ellipse  is  dif*  moon*s  motion  round  the  earth,  as  com- 
ferent  in  the  different  planets,  but  not  pared  with  any  of  those  which  we  have 
great  in  any  case.  It  does  not,  there-  described.  Hereafter  we  shall  find  this 
fore,  differ  very  considerably  from  a  circumstance,  among  others,  to  lead  to 
circle ;  and  the  explanation  which  we  the  most  important  conclusions. 

have  given  of  the  phenomena  may  apply  ■   We  shall  now  revert,  shortly,  to  the 

to  the  case  as  it  exists  in  nature.  apparent  motions  of  the  planets  as  seen 

2.  The  areas  described  by  the  radius  finom  the  earth ;  for  the  purpose  of 
vector  qf  the  planet  (the  line  joining  the  showing  that  the  third  of  these  laws  ac- 
planet  to  the  sun),  are  proportional  counts  for  the  phenomena  of  direct  and 
to  the  times  of  describing  them.  These  retrograde  motion,  and  makes  it  abso- 
two  laws  agree  with  those  which  we  lutely  necessary  that  those  phenomena 
have  already  seen  to  obtain  with  respect  should  take  place. 

to  the  motions  of  the  sun  and  moon.  The  square  of  the  periodic  time  varies 

3.  The  squares  of  the  mean  perkxUo  as  the  cube  of  the  axis  major  of  the  orbit* 
times  of  different  planets  are  to  each  If  we  suppose  the  orbits  all  similar,  (and 
other  in  the  same  proportion  as  the  the  difference  in  their  figures  is  not  suf- 
cubes  of  the  axis  major  of  their  respee*  ficient  to  render  the  supposition  mate- 
tive  orbits.  For  instance,  if  the  axis  rially  untrue,)  the  circumference  of  the 
migor  of  Mercury's  orbit  be  supposed  orbit  will  vary  as  the  major  axis.  The 
to  be  ],  and  that  of  Mars*s  orbit  4,  mean  linear  motion  in  the  orbit  (or  the 
the  square  of  Mercury's  periodic  time  actual  motion,  if  it  be  supposed  uniform) 
will  l)e  to  the  square  oi  Mars's  periodic  varies  as  the  circumference  divided  by 
time  as  the  cube  of  Mercury*8  distance  the  time  of  describing  it,  which  is  the 
to  the  cube  of  Mars's,  or  as  1  to  64 ;  periodic  time ;  or  it  varies  directly  as  the 
and  the  periodic  times  tiiemselves  in  the  axis  major  (for  the  circumference  varies 
proportion  of  the  square  roots  of  these  so),  and  inversely  as  the  square  root  of 
quantifies,  or  of  1  to  8.  These  num«  the  cube  of  the  axis  major  (for  the  perio- 
bers  are  not  accurate,  but  they  are  not  die  time  varies  so) ;  or,  finally,  it  varies 
far  from  the  relations  subsisting  between  inversely  as  the  square  root  of  the  axis 
the  motions  of  Mars  and  Mercuiy.  mqjor.    The  greater  the  axis  major,  the 

There  are  two  ver^  remarkable  cucum-  less  is  the  linear  motion  or  velocity, 
stances  which  require  notice  before  we       We  have  already  stated  that  the  perio- 

proceed  further.  die  time  of  the  sun  round  the  earth  fol- 

At  the  time  when  Kepler  discovered  lows  the  same  laW  as  that  of  the  planets 

these  laws,  the  planets  tlranus,  Vesta,  round  the  sun.     The  inferior  planets 

Ceres,  Juno,  ana  Pallas,  were  unknown,  being  always  nearer  the  sun  than  he  is 

It  is  found,  by  observation,  that  they  to  the  earth ;  the  axis  major  of  the  or- 

accurately  follow  the  laws  deduced  by  bit  of  an  inferior  planet  is  less  than  that 

Kepler  from  comparison  of  the  motions  of  his,  and  the  linear  motion  of  the 

of  the  planets  then  known ;  their  orbits  planet,  consequently,  more  rapid.    A 

are  ellipses,  the  areas  traced  out  by  the  superior  planet,  I  on  ^the  contrary,  has 

radius  vector  of  each  are  proportional  to  the  axis  major  of  its  orbit  greater  than 

the  times;  and  the  periodic  time  of  each  that  of  the  sun*s,  and  its  own  linear 

is  that  corresponding  according  to  the  motion,  consequently,  less  rapid  than 

thurd  law,  with  the  magnitude  of  the  his. 

major  axis  of  its  orbit    This  furnishes       Now  at  the  period  of  inferior  conjuno- 

very  strong  reason  for  believing  that  tion  in  an  inferior  planet,  and  of  oppo- 

the  laws  are  not  the  expression  of  a  mere  sition  in  a  superior  one,  the  orbit  of  the 

fortuitous  coincidence,  but  the  result  of  planet,  if  it  be  supposed  circular,  is  per- 

some  fixed  principle  regulating  these  pendicular  to  the  nne  joining  the  planet 

motions.  to  the  earth ;  for  this  line,  if  produced, 

Theperiodictimeof  the  sun  round  the  passes  through  the  sun,  the  centre  of 
earth  is  exactly  that  which,  according  the  planet's  orbit.  The  motion,  there- 
to the  third  law,  would  be  the  periodic  fore,  of  the  planet  in  its  orbit  is,  at  this 
time  of  a  planet  moving  round  the  sun  period,  perpendicular  to  the  line  joining 
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it  to  the  cttHh,  and  produoM  the  fuU  the  time  of  ptoilfir  from  6tte  node  to 

effect  of  that  tmount  of  linear  motion  at  the  other  will  be  different  from  the  time 

that  distance.    Again,  the  motion  of  the  of  retumine  to  the  former  node  a^^in. 

planeti  produced  by  the  iun*8  motion  in  unless  ih  the  single  ease  of  the  comci- 

hii  orbiti  is  alwajrs  in  a  direction  parallel  denoe  of  the  line  of  the  nodes  with  the 

to  the  sun*i  motion ;  and  if  fre  suppose  major  axis.    Acoordinglyi  we  do»  by  otv 

the  sun*8  orbit  also  eiroular,  the  Ime  of  servation,  find  that  these  times  are  un- 

his  motion,  and,  oonsequently»  all  lines  equal.    In  the  case  of  Mars  and  Jupitef 

{parallel  to  it,  will  be  perpendicular  to  the  they  are  tety  Considerably  so ;  in  the  oase 

ine  Joining  him  with  the  earth.    But  of  Satum  the  difference  is  Tery  ineon* 

this  line»  or  this  line  produced,  passes  siderable.  In  the  case,  therefore,  of  Mars 

through  the  points  of  inferior  conjunc-  and  Jupiter,  the  orbit  must  differ  mate-> 

tion  or  opposition ;  the  planet's  motion  rially  from  a  circle ;   in  the  case  of 

thus   produced,   therefore,  is   perpen-  Satum  it  either  must  be  very  nesHy 

dicular  to  the  line  joining  the  earth  with  circular^  or  the  line  of  the  nodes  must 

these  points,  or  with  the  planet  when  in  nearly  coincide  with  that  of  the  major 

them.    At  these  points,  therefore,  this  axis ;  and  from  accurate  investigation 

motion  of  the  planet  is  perpendicular  to  of  his  motionsi  it  appears  that  the  latter 

the  line  joining  it  to  the  earth,  and  prO*  is  the  case. 

duces,  like  its  motion  in  the  orbit,  the  The  interralof  time  between  two  sue* 

full  effect  of  that  amount  of  linear  mo*  eessive  conjunctions  or  oppositions  of  a 

tion  at  that   distance.     The  distance  planet  is  called,  in  the  same  manner  as 

being  the  same  for  each,  the  one  angu*  in  the  case  of  the  moon,  the  synodic 

lar  motion  will  exceed  or  fisill  short  of  period  of  the  planet.    We  shall  find  that 

the  other,  as  the  linear  motion  does  so :  relations  exist  between  the  synodic  peiiod 

and,  consequently,  the  motion  produced  and  periodic  time,  in  the  planets,  simi* 

by  the  planet's  motion  in  its  orbit,  will  lar  to  those  which  we  hate  already  in- 

exceed  that  produced  by  the  sun*s  mo-  restigated  in  the  moon.    The  formulai 

tion  round  the  earth  in  the  Case  of  an  deduced,  however,  are  not  exactly  the 

inferior  planet;  and  Vrill  fall  short  of  it  same  in  the  superior  and  inferior  pla^ 

in  the  case  of  a  superior  one.    The  nets;  and  they  mUst  be  separately  in- 

platiet*s  motion  in  its  orbit  produces  vestigated. 

retrograde  motion  in  the  case  of  an  in*  Taking  the  Instance,  then,  of  an  inferior 

ferior  planet ;  the  sun*s  motion  in  its  planet,  let  S  represent  the  synodic  period, 

orbit  produces  retrograde  motion  in  the  P  the  periodic  time  of  the  sun  round  the 

ease  of  a  superior  planet    The  motion,  earth,  and  p  that  of  the  planet  round  the 

therefore,  which  produces  the  appear-  sun.    P  is  greater  than  p,  by  Kepler*S 

ance  of  retrograde  motion,  is  always  third  law ;  or  the  planet  sooner  returns 

greater  and  more  effective  in  opposition  to  its  original  position  With  respect  to 

and  inferior  conjunction,  than  that  which  the  sun,  than  the  sun  with  respect  to  the 

produces   direct    motion,    and,  cotise-  earth.    Now  if  the  sun  were  at  rest,  the 

auently,  there  must  necessarily,  from  planet,  on   completing  its   revolution 

le  law  regulating  the  periods  tithes,  be  round  the  sun,  would  be  in  the  same 

retrograde  motion  at  these  seasons.  These  position  with  respect  to  the  sun  and 

conclusions  correspond  with  the  remarks  earth  as  before ;   but  the  sun  having 

in  page  113.    For  the  sake  of  simplicitj^,  moved,  it  is  not  so.    It  will,  therefore, 

they  have  been  deduced  on  the  supposi^  have  to  pass  through  a  fUrther  arc  of  its 

tion  that  the  orbits  are  circular;  but  orbit  before  it  arrives  at  this  Original 

their  deviations  f^om  the  circular  form,  position.    Let  this  arc  be  A,  then  the 

and  from  uniform  .motion,  are  not  suffi-  planet  will  have  described  an  arc  360^4' 

dent  to  render  the  eonclusions  untrue.  A,  and  the  sun  an  arc  A,  when  the 

Another  observation  which  we  may  planet  is  again  in  conjunction.    But  the 

now  make,  is  this.    The  only  line  which  time  from  one  conjunction  to  another  is 

can  be  drawn  through  the  focUs  of  an  the  synodic  period ;  hence  the  time  of 

ellipse,  so  as  to  bisect  the  area  of  the  the  synodic  period  =  time  in  which  the 

curve,  is  the  axis  major.    The  line  ot  the  planet  describes  360^4"^  round  the 

nodes  passes  through  the  sun,  the  focus  _    .«««iavP 

of  the  eUipse;  unless,  therefore,  it  coin-  *""»  ^^  S=(360.f  A)  — ,  on  the  sup- 

cides  with  the  axis  major,  it  must  divide  portion  that  the  motions  m  uniform, 

the  area  of  the  orbit  into  unequal  parts ;  '^               p 

and  as  the  time  taken  to  describe  any    But  S:sA«T^i(foritistbetimeinwhich 

area  is  proportional  to  the  ar^  described.  ^^^ 
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tht  tun,  whOfte  periodic  time  is  P,  de- 
scribes an  arc  of  A°),  and,  consequently, 
A      360  S 
A «     v»   *    Substituting  this  value  of 

A  in  the  former  equation, 
360  8\  p 

P    y360"  V'  '  P. 
or  PS  sPp+  Sp,  and»  eoniequeatly. 
o^  Pp        ,^     PS 

^•"pq;-*"^^=pqFs- 

lu  the  ease  of  a  superior  planet,  if  S' 
fepresent  its  synodic  period,  and  jt/  its 
periodic  time,  P,  as  before,  being  the 
periodic  time  of  the  nun,j/  is  greater 
than  P  by  Kepler's  third  law ;  or  the 
sun  returns  sooner  to  the  same  place 
with  respect  to  the  earth,  than  the  planet, 
with  respect  to  the  sum  If  the  planet 
were  at  rest,  the  relative  positions  of  the 
sun,  earth,  and  planet,  would  be  the 
same  as  before  when  the  sun  had  com- 
pleted a  revolution;  but  the  planet 
having  moved,  it  is  not  so.  The  sun 
will,  therefore,  have  to  pass  through  a 
further  arc  of  its  orbit  before  it  arrives 
at  its  original  relative  position.  Let  this 
arc  be  A' ;  then  in  the  synodic  period, 
S',  the  sun  will  have  described  360+ A', 

or  S't=(a60+A0~:.  and  the  planet  wiU 
have  described  A',  or  S'=A'.j|^,  and, 

360   S' 

consequently.  A'  =  ■  .  Substituting 

this   value    in    the   former   equation, 

•-("•^)« -(■+?)?• 

or  SVa:P|/  +  S'P,  and,  coniequentiyi 

In  both  oases,  therefore,  if  either  the 
ivnodic  period  or  the  periodic  time  of  a 
iHanet  be  known,  the  other  may  ht  com* 
puted;  and  as  the  synodic  period  may 
be  observed)  this  furnishes  another,  and 
a  very  easy  method  of  ascertaining  the 
periodic  time,  on  the  supposition  of  cir- 
cular motion.  The  expressions,  also, 
will  be  correct  as  to  the  mean  synodic 
Und  periodic  times,  even  in  the  case  of 

elliptic  motion  •     It  is  at  present,  how- 

-• -  -         -         II   ■  J 

*  The  same  conduciont  may  be  deduced  in  the 
followint  mftnaer.  which  has  the  adveatace  of 
■howinff  more  dietinctly  that  the  periods  of  con- 
junction  or  opposiUon  inyestlKated  are  those 
Immediately  sacceeding  each  other  :— 

la  Jig.  32,  let  £  represent  the  earth,  and  8  S'  a 
position  of  the  sun's  orbit,  snppoaed  oireular,  and 
let  the  sttaller  circles  described  aboat  S  and  8'  re- 
present the  orbit  of  an  inferior  planet.  Let  M 
■appose  the  planet,  when  the  snn  Is  at  S,  to  be 
either  in  inperior  coi^uiiction  at  C,  or  in  inferior 


ever,  of  more  importance  to  observe, 
that  the  lengths  or  the  synodic  periodi 
bear  a  certain  relation  to  the  proportion 
of  their  distances  IVom  the  suti. 


QOf^UDOtlMi  at  0.  If,  then,  the  plnn«l  had  no  m&» 
tion  in  ita  orbit,  when  the  eun  waa  at  8%  the  plane! 
Would  be  at  A  or  0,  (A  a  being  a  line  parallel  to 


C  c,  or  A,  a,  being  the  points  In  the  orbit  described 
found  8%  corresponding  to  C,  e.  In  the  orbit  do« 
eeribed  round  8.)  and,  coosequeottr,  not  In 
conjunction,  for  the  points  of  conjunction  art 
evidently  C,  «*.  iTie  angle  C  8'  A,  or  its  rertlcal 
angle  a  8^e*.  is  aqnol  to  8'  B  8,  for  A  S'  a  la  parallet 
to  8  £ )  if,  therefore,  the  pladet*s  angular  notion 
(d  Its  orbit  were  equal  to  that  of  the  san,  the  planet 
would  atill  be  In  Oenjunction  when  the  sun  waa  at 
•ny  point  whatsoever,  8',  if  It  had  been  00  when 
the  sun  was  at  S.  But  the  angular  motion  of  the 
planet  Is  to  that  of  the  sun  in  the  InTerse  tatio  of 
their  periodic  times )  Ibr  each  desetibes  a  whoU 
circumference  in  its  periodic  time,  llie  angular 
motion  of  an  inferior  planet  round  the  sun,  there- 
fore, being  greater  tnan  that  of  the  snn  found 
the  earth,  the  plaaet.  Instead  of  being  at  0'  or  tf 
when  the  suu  is  at  8',  will  have  described  some 
greater  angle,  A  S'V,  or  a  8'e,  and  will,  thenton, 
be  dlatant  ftrem  the  point  of  eoi|)ttnctton,  &  mift 
by  the  angle  C  S'  V,  or  e'S'e. 

Let  T  » time  of  the  sun's  describing  the  angle 
■  E  S%  and  let  P,  p,  and  8.  retain  their  signlSeatloiL 
.%T»P.:  8B8':8eOO 

t:  AS'O^oraSViaeO, 

and  A  8' C  or  a  a' o'-^^iS^^  ^ 

r 

Agttltt,Ttp  ::  AS*  V  ornS'e  I  ass, 

nnd  AS' V  Of  0  S'i>-86(P~ 

P 
Hence  the  angle  C  8'  V  or  «*  S  «'«A  S'V'^AS'a 

prnS't-««r(<i«asr>~-a«S«^  a   qnamitr 

which  6ondnnally  Ihereases,  aa  T  Increaaet}  or 
the  dietanee  of  the  planet  from  the  point  of  eup^ 
rior  or  Inferior  conJuncUon  continually  increasea. 
When,  howeter,  this  angle*  3dOO,  (hnd  not  tiU 
then,)  the  ettnatloH  of  the  body  la  the  same  ae  if 
the  angle  were  nothing  1  er  the  i^aaet  is  In  soperlor 
or  inferior  coniunctlon:  and  consequently,  fnthle 
fease,  T  Bs  8,  the  synooic  period.    The  equation, 

therefore,  becomes  3W  =  360o  —  -  860®  ^^ ' 

pr  Pp'-'PS  —p  8,  as  before. 

The  tame  operations  erldently  apply  to  the 

eaae  of  a  superior  planet,  except  that  Its  angular 

motion  being  leas,  the  plaaet's  plate  wHlJM  ^hmi 

of  the  point  of  cooJuneUon  or  opposition  by  tho 

difference  of  the  anglei  t  nnd  the  angle  by  which  it 

T  T 

doei  so  will  be  3(J0-— ■  —  3^  --j.,^   ^^4^  ^^^ 

fere.  Pp'=|)'8'-PS',  Mbefort. 
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In  the  cafe  of  an  inferior  planet  but  it  is  sufficient  here  to  indicate  them 
o  P  p  ,  p*  *  u-  u  ,  as  we  have  done. 
S  =  "pZ^^ P  +  fZ^'  ^^  ^^^^  ®*^"  Another  fact  of  the  same  nature  may 
term  is  smaller,  as  p  is  smaller.  In  this  •*.  on®®  ,^  deduced  from  the  considcr- 
case,  therefore,  the  shorter  the  periodic  5!^"  <>^  ™  respective  distances  of  the 
time,  or  the  smaller  the  orbit,  the  shorter  different  planets  from  the  sun.  The 
is  the  synodic  period.  The  orbit  of  every  »PP«;ent  diameter  of  a  body  vanes  in- 
inferior  planet,  however,  being  less  than  versely  as  Its  distance.  Now,  the 
the  sun's,  the  smaller  the  orbit  of  the  greatest  distance  of  an  inferior  planet 
planet,  the  more  does  it  differ  from  that  "«>«?  ^^!.«"^".i "  '^^^V\  **  *"  •'iP^^or 
of  the  sun ;  and  consequenUy  among  conjunction ;  its  least  distance,  when  m 
inferior  planets,  the  greater  the  dif-  mfenor  conjunction:  the  greatest  dif- 
ference between  the  orbit  of  the  planet  ?«><»  of  a  superior  planet  is  when  it  it 
and  that  of  the  tun,  the  less  is  the  in  .conjunction,  its  least  when  m  oppo- 
synodic  period  sition:  the  distance  m  the  former  cases 

In  thicase'   of  a  superior  planet  ^^ng  l^fJ"?!"  *^«  ^J^^r,  the  differ- 

p   r  -pa  ^  ence,  of  the  distances  of  the  planet  from 

S's       ^  ■  bP  H » of  which  the  the  sun,  and  of  the  sun  from  the  earth. 

p'  -  P  /i'  -  P  Let  D  and  d  represent  the.  greatest  and 

first  term  is  constant,  and  the  second  least  apparent  diameters  of  a  planet; 

term  diminishes  as  its  denominator  in*  R,  the  sun's  distance  from  the  earth, 

creases,  and  consequently  asp' increases,  r,  the  planet's  distance  ft'om  the  sun. 

In  this  case,  therefore,  the  longer  the  Then  in  the  case  of  an  inferior  planet 

periodic  time,  or  the  larger  the  orbit,  when  R  >  r 
the  less  is  the  synodic  period.     The 


orbit,  however,  of  every  superior  planet  n  •  ^ ..     ^ .      ^     ArTk-  rf?it!l 

is  greater  than  the  sun's;  and  the  dif-  ^  •  *  ••  r.^  •  R+r  R-r 

ference  of  course  increases  as  the  orbit  /         2r  \ 

of  the  planet  increases:    and  conse-  *     v  "^  R^ j 

quently  among  superior  planets  as  well      , .  ,  ...  ". 

as  among  inferior  planets,  the  greater  which   necessarily  increases  as  r  in- 

the  difference  between  the  orbit  of  the  creases. 

planet  and  that  of  the  sun,  the  less  is       ^n  the  case  of  a  si:^or  planet* 

the  synodic  period.  where  r  >  R 

We  ma^  also  observe,  that  the  retro- 

grade  motion,  in  the  case  of  an  inferior  j).  • .  *  *  ^  or  D  =d  ^— - 
planet,  is  produced  by  the  excess  of  the  '  "r-R'r+R  ""'r-R 
effect  of  its  motion  in  its  own  orbit  over  /         2  R  \ 

that  of  the  sun's  p:iotion  in  his.    The  =  rf  (  1  +  — g),  a  proportion  whkdi 
greater,  therefore,  the  motion  of  the  r-n/ 

planet  in  its  orbit,  the  grester  we  necessarily  increases  as  r  diminishes  *• 
should  expect  to  find  the  proportion  of       The  greater  r  is,  in  the  case  of  aa 

the   retrograde  to  the  direct    motion  inferior  planet,  or  the  less  it  is  in  the 

during  a  synodic  period;  during  which  case  of  a  superior  planet,  the  more 

all  the  phenomena  of  direct  and  retro-  neariy  does  it  approach  to  R.     The 

frade  motion  take  place.    The  planets,  more  nearly,  therefore,  the  planet's  dis* 

owever,  whose  orbits  are  least,  have  tance  from  the  sun  approaches  to  that 

the  most  rapid  motion  in  their  orbits:  cf  the  sun  from  the  earth,  the  greater  ia 

we  should,  therefore,  expect  to  find  that  

they  had  the  greatest  retrograde  motion      •  t.  i     ^  *i.     *  w       ..      .^     ,. 

;«  i^^^r^^^i^Jr  *^   ♦u*.:-   ^:™*    «:  *•  It  i»  worthy  of  obserrallon,  that  thett  fqwu 

in  proportion    to    their   direct    motion.  tioD>  alao  givt  at  at  once  a   direct  method  of 

In  the  case  of  a  superior  planet,  on  the  **c«rtainlttg  the  proportion  whieh  the  radius  of  • 

nnnfrnrv   (hp  rf»trnirra/)»  mntinn  ia  nvn.  P^oet'i  orbit  rouud  the  son  bcara  to  that  of  tba 

contrary,  ine  retrograoe  motion  is  pro-  ,^0.,  „^^  ^^^  ^^  ^^^h.  Taking  the  caae  of 
duced  by  the  excess  of  the  effect  of  the  u,. 

sun's  motion   in   his  orbit  over  that  of  •ntnfertor  planet Dasrfj-j.  or  BD-rDarRrf  + 

the  planet's  in  its  own.    The  less,  there-  ~  v-d 

fore,  the  planet's  motion,  or  the  greater  •■'•  orRD-Risri+rD.orr-E.  —^. 

the  planet's  orbit,  the  greater  should  we       f.v  -         _.,       ^^'  +  H 

«xp^  to  find  the  proportion  of  the      '»  ""  "~  "  •  ""^  »•"»» "  -  *  TZ-ft' 

retrograde  to  the  direct  motion  during  orrD-RD=:r«r  +  Rrf,  orrD-r«r=RD+R«r, 

the  synodic  period.    These  results  may  or  r = R.  —  ** 
be  more  fully  and  accurately  deduced ;  ^  "  ^ 
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the  disproportion  between  the  greatest   of  her  phases  was  one  of  the  first  fruits 
and  least  apparent  diameter.  of  the  invention  of  the  telescope  in  the 

Having  deduced    these    theoretical    hands  of  the  illustrious  Galileo. 

truths  from  the  laws    discovered  by        One  circumstance,  however,  is  worth 

Kepler,  we  proceed  to  give  an  account    mention  with  respect  to  the  phases  of 

of  the  actual  facts  observed  with  re-    the  planets.    The  actual  brightness  of 

ference  to  each  planet,  from  a  com-    a  planet  to  the  eye  depends  both  on  the 

parison  of  which  with  each  other,  it  will    quantity  of  illuminated  surface  visiblOt 

be  found  that  they  accurately  correspond    and  on  the  distance.    The  brightness  of 

with  the  results  deduced.    As  this  ac-    a  point,  that  is  to  say,  the  quantity  of 

count  will  consist  principally  of  a  mere    lignt  which  arrives  from  it  at  the  eye, 

catalogue  of  numerical  results,  it  will  be    varies  inversely  as  the  sauare  of  the 

most  convenient  to  give  it  in  the  form    distance  from  the  e3re ;  this  we  know 

of  a  table,  (see  following  page,  122)    from  the  theory  of  optics.    The  bright- 

suMoining  any  necessary  explanations    ness  of  the  planet,  therefore,  varies  di- 

and  remarks,  and  the  statement  of  any    rectly  as  the  quantity  of  illuminated 

circumstances  peculiar  to  any  particular    surface,  or  as  the  versed  sine  of  the 

planets.  exterior  angle  of  elongation,  and  in- 

It  will  at  once  be  observed,  on  in-    versely  as  the  square  of  the  distance. 

spection  of  this  table,  *  that  it  contains    In  the  case  of  a  superior  planet,  the 

no  notice  of  the  phases  of  the  planets,    distance  is  least  when  the  planet  is  in 

or  of  their  greatest  elongation.    The    opposition,  and    the  planet  then  also 

table,  however,  is  incomplete  for  Mer-    shines  with  a  full  face,  and  of  course 

cury  and  Venus,  without  the  insertion    the  brightness  is  then  greatest ;  but  in 

of  the  latter :  to  the  superior  planets,    the  case  of  an   inferior  planet,  when 

which  are  seen  at  all  distances  from  the    the  distance  is  least,  the  planet  is  in 

sun,  it  has  of  course  no  application,    inferior  conjunction,  and  the  illuminated 

In  Venus  and  Mercury,  and  especially    part  is  entuely  turned  away  firom  the 

Mercury,  whose  motions,  on  account  of    aun,  or  the  planet  is  invisible.   We  must^ 

the  considerable  excentricity  of  his  orbit,    therefore,  have  recourse  to  calculation, 

are,  as  we  shall  presentijr  see,  very    to  discover  the  period  of  its  greatest 

variable ;   they  diner   considerabhr   in    brightness,  and  we  find  it,  in  the  case  of 

amount,   ac!cording    to    the    different    Venus,  to  be  when  the  elongation  is 

positions  of  the  planet  with  respect  to    about  40^  and  the   planet  between  its 

the  sun,  and  of  the  sun  with  respect  to    greatest  elongation  and  its  inferior  oon- 

the  earth.    In  the  case  of  Mercury,  the    junction.    In  the  case  of  Mercury,  the 

mean  value  of  the  greatest  elongation  is    period  of  greatest  brightness  is  between 

about  22^°,  but  it  sometimes  rises  as    its  ppreatest  elongation  and  its  superior 

high  as  29^,  and  is  sometimes  nearly  as    conjunction,  but  as  his  brightness  is 

low  as  16^    In  Venus,  the  variations    never  very  great,  the  difference  is  not 

are  much  less  considerable,  the  least    very  observfu>le ;  but  we  do  practically 

value  bein^  about  45^,  and  the  greatest    find,  in  the  case  of  Venus,  that  when  slie 

not  exceeding  48°.  is  near  the  situation  above  mentioned. 

The  table  contains  no  account  of  the    and  only  then,  her  brightness  is  such, 

phases,  because  we  have  already  given    that  for  a  considerable  period  she  is 

a  very  full  detail  of  these  appearances,    visible  before  sunset  and  after  sunrise : 

and  the  results  of  observation  accu-    and  that  when  the  darkness  of  niffht 

rately  correspond  with  the  phases  we    hascomeon,  she  occasions  a  perceptiole 

described.    Di  Mercury,  indieed,  they    shadow.    The  first  of  these  two  pheno- 

are  not  easy  of  ascertainment,  for  he  is    mena  seldom  occurs  without  excitin|(ob- 

generally  so  near  the  sun  as  to  render    servation  and  curiosity,  simple  as  is  its 

observation  difficult,  on  account  of  the    explanation,  and  common  as  it  is ;  for 

great  light  diffhsed  over  that  part  of    it   necessarily  occurs  twice  in   every 

the  heavens  where  he  is  situated ;  and    synodic  period,  though  it  is  only  in  tbte 

his  apparent  magnitude  is  so  small,  that    evenmg  that  it  is  much  observed.    It 

on  that  account  also  much  delicacy  of    occurs  in  the  case  of  Venus  only ;  for 

observation  is  required.    In  Venus,  the    even  under   less    favourable   circum- 

observations  are  easy,  and  the  discovery    stances,  when  she  is  not  visible  exeept 

•  Th«  earth  i.  inaerted  in  the  Ubl.  for  .  reiuon     »*  "«t*'  '^®  •  ®*^*.*1*  ^^  ^^^  ^^*'  ^"^ 
which  wiU  hereafter  appear.    Many  of  the  columnt     VeUly  DOQies  in  brigntnesS. 

have  no  application  to  It:  Uie  appUcabUitr  of       A much morc important  circumstauce 
I5r:«.  difJ?."  ""^  "^       ^^       n»«»iM  to  be  mn&oned  with  mpeet  to 
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IV.  i  4.)                               ABTRONOMYi  IM 

the  two  inferior  platieti.    Bcinf  interior  observed  ilfo  At  Wferdhui  in  Norway, 

p]anet8«  ihej  past  betwMn  the  sun  and  at  Cajaneboui]^  in  Swedish  Laplandf 

the  earth ;  if,  therefore^  at  the  time  of  at  Kola  in  Russian  Lapland,  at  Peters^ 

inferior  conjunction,  they  are  nearer  th«  burr,  at  Paris,  at  California,  and  at 

eoliptic  than  the  distance  of  the  sun*8  Hudson's  Bay,  %c. ;  and  it  is  from  a 

apparent  radius,  they  will  be  in  the  comparison  of  all  these  observations,  that 

same  direction  as  some  part  of  the  sun  the  value  of  the  sun*s  horlsontal  pfr- 

itself,  and  will  become  visible  upon  his  rallax  now  received  as  correct  has  been 

surface,  and  will  appear  to  pass  over  it,  deduced. 

exactly  in  the  same   manner  as  the  The  last  transit  of  Venus  took  place 

moon  does  in  the  case  of  a  solar  eclipse,  in  1769 :  there  will  not  be  another  till 

This  appearance    is  called  a   transit  1874.    The  rare   occurrence  of  these 

(i. e.  pasting  across)  of  Mercury  or  phenomena  is  easily  explained:    they 

Venus.    The  general  principles  of  its  can  occur  only  when  Venus  is  near 

Investigation  are  similar  to  those  of  a  one  of  the  nodes  of  her  orbit,  and  also 

solar  eclipse,  and  it  is  not  necessary  in  inferior  conjunction.    The  {MSriodio 

here  to  enter  into  its  details.     It  is,  time  of  Venus,  or  time  from  leaving  her 

however,  of  importance  to  point  out  node  till  she  returns  to  the  same  node 

the  very  important  use  to  which  the  arain,  which  is  very  nearly  the  same,  is 

observation  of  them  may  be  applied,  about  224  days:    the  synodic  period^ 

It  appears,  that  the  duration  of  a  so-  from  inferior   conjunction  to   inferior 

lar  eclipse,  or  transit,  depends  on  the  conjunction,  is  about  984.  If,  therefore, 

apparent  diameters  of  the  sun  and  of  the  planet  Were  in  its  node  at  the  time 

the  body  parsing  over  it,  and  on  the  of  one  inferior  conjunction,  at  the  time 

difference  of  their  respective  parallaxes  of  the  next  inferior  conjunction  it  would 

at  the  place  of  observation.  The  former  be  distant  from  that  node  by  the  space 

elements  may  he  considered  as  nearly  which  it  describes  in  196  days ;   for 

the  same  at  the  same  time  on  every  564  ==  s  x  224  +  136.     There  would, 

point  of  the  earih*s  surfkce :  the  latter  therefore,  be  no  transit,  for  the  planet 

is  different  in  different  places,  for  the  would  be  distant  fh)m  either  node:  as  the 

parallaxes  themselves  are  so.    The  du«  opposite  node  would  be  only  about  112 

ration  of  the  transit  will  therefore  be  days  from  the  fbrmer.     Five  synodic 

different  at  different  places,  and  if  the  periods,  however,  amount  to  about  2920 

Earallaxes  are  accurately  known,  it  may  days,  or  very  nearly  eight  years ;  and 
e  accurately  computed.  Converselv,  thirteen  periodic  times  of  Venus  amount 
if  the  duration  of  the  transit  be  ob>  to  2912  days :  so  that  at  the  fifth 
served,  the  difference  of  the  parallaxes  synodic  period,  or  at  the  distance  of 
may  be  computed,  and  this  with  more  eight  years.  Venus  would  again  be  very 
accuracy,  if  the  duration  of  the  transit  nearly  in  hiferior  conjunction,  and  a 
be  observed  in  different  places  (chosen  transit  might  take  place.  Accordingly, 
so  that  the  phenomena  of  parallax  therewas  one  in  1761,  eight  years  before 
should  differ  considerably  at  them),  and  that  in  1769.  The  correspondence  of 
the  difference  of  the  parallaxes  ascer-  the  periods,  however,  is  not  exact,  and 
tained  at  each.  From  the  comparison  the  di^rence  accumulates.  The  con- 
of  these  observations,  the  actual  pa-  sequence  is  that,  although  eight  years 
railaxes  can  be  ascertained  with  much  after  a  transit  another  may  occur,  there 
more  accuracy  than  in  any  other  way ;  will  not  be  a  third  at  the  end  of  a  second 
and,  as  the  sun*s  parallax  is  so  small  period  of  eight  years :  the  difference  of 
that  the  greatest  nicety  of  observation  is  time  being  doubled,  makes  the  distance 
necessary  to  ascertain  it  within  any  from  the  node  too  great  to  admit  of  a 
tolerable  limits  of  accuracy ;  and  as  its  transit.  The  next  period  at  which  a 
accurate  ascertainment  is  of  the  highest  transit  takes  place  at  the  same  node  is 
importance  in  astronomy,  great  care  has  after  239  years ;  and  then  again  in  eight 
been  taken  by  various  governments  to  years.  These  results  cannot  be  de- 
have  these  occurrences  accurately  ob-  duced  without  employing  more  accurate 
served  in  the  most  desirable  situations,  values  of  the  synodic  period  and  pe- 
The  last  transit  of  Venus  took  place  in  riodic  time  than  those  above  used,  Ibr 
1769;  and  Cook  made  the  first  of  his  the  purpose  of  explanation ;  and  it  is 
celebrated  voyages  for  the  purpose  of  not  worth  while  to  occupy  any  time  in 
conveying  to  Otaheite  the  astronomers  obtaining  them :  there  may,  however, 
sent  out  by  this  country  to  observe  the  be  transits  at  the  opporite  node.    These 

transit  there.    The  same  transit  was  virill  succeed  each  other  in  the  same 
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order,    at 'inteirals/allemtttely  of  8  the  exeenitieity  of  the  orbit,  the  gntLter 

and  of  235  years,  at   periods   nearly  is  the  difference  between  the  extreme 

midway  between  the  transits  at  the  op-  rates  of  angular  motion,  and  the  more 

posite  node ;  and  there  will  accordingly  does  the  actual  motion  at  different  pe- 

be  one  in  1874,  -and  another  in  1882.  riods  differ  from  the  mean  motion.  The 

The  transits  of  1761  and  1769  were  at  mean  motion  is  that  with  which,  were 

the  descending  node,  and  there  will  be  the  angular  velocity  uniform,  the  orbit 

a  transit  at  that  node  again  in  2004 :  would  be  described  in  the  time  ao- 

the  transits  of  1874  and  1882  will  of  tually  taken  to  describe  it:  the  difference 

course  be  at  the  opposite,  or  ascending  of  the  angle  actually  described  at  any 

node.    The  transits  of  Mercury  may  be  time  from  that  which,  on  this  suppo- 

ascertained  in  the  same  manner,  and  sition,  would  be  described  in  the  same 

they  are  of  more  frequent  occurrence;  iimet  is  iermedihe  equation  of  the  centre, 

they  are,  however,  of  less  importance  The  greatest  value  of  this  is  of  course 

in  ascertaining  the  sun*s  parallax,  the  one  greatest  in  those  planets,  of  which  the 

important  element  discovered  by  such  excentricity  of  the  orbit  is  greatest 

observations.     Mercury    being   much  The  periodic  time  and  the  mean  dis- 

nearer  the  sun  than  Venus,  his  parallax  tance  are  not  affected  by  the  excentricity 

is  much  smaller  than  hers ;  it  is,  there*  of  the  orbit ;  but  most  of  the  other 

fore,  less  accurateljr  ascertainable,  and  elements  stated  in  the  Table  are  so. 

the  difference  of  his  parallax  and  the  For  instance,  the  synodic  period  is  the 

8un*s  paralla)^,  which  is  the  quantity  period  in  which  the  sun  passes,  either, 

involved  in  the  observation  of  the  transit,  as]  in  the  case  of  an  inferior  planet, 

is  less  accurately  ascertainable  also.  through  an  arc  which  falls  short  of  the 

After  noticing  these  facts,  of  which  whole  arc  described  by  the  planet  by 

the  Table  gives  no  intimation,  we  pro-  360°,  or,  in  the  case  of  a  superior  planeC 

ceed  to  explain  some  columns  of  the  through  the  arc  described  by  the  planet 

Table  itself,  which  our  preceding  re-  increased  by  360°.    The  time  in  which 

marks  have  not  applied  to.    The  first  of  the  sun  does  so  will  of  course  depend 

these  is  the  column  headed  excentricity.  (omitting  the  consideration  of  his  own 

The  excentricity  of  an  ellipse  is  the  pro*  inequalities  of  motion)  on  the  magnitude 

Sortion  which  the  distance  of  the  focus  of  the  arc  described  bv  the  planet; 
'om  the  centre  bears  to  the  semi-axis  and  this  will  of  course  be  affected  by 
major :  and  in  the  column  which  states  the  rate  of  the  planeVs  motion  in  that 
it,  the  semi-axis  maior  is  supposed  to  part  of  its  orbit.  The  greater,  there- 
be  1.  The  greater  uiis  excentricity  is,  fore,  the  variation  of  this  rate  of  motion, 
the  more,  of  course,  does  the  ellipse  the  greater  may  be  the  difference  in  the 
differ  from  a  circle :  and  the  more,  also,  length  of  different  synodic  periods, 
which  is  a  very  important  result,  does  Again,  we  have  already  seen  that  the 
the  rate  of  the  planets  motion  differ  in  greatest  elongation  of  Mercury  varies 
different  parts  of  its  orbit.  This  will  at  very  considerably ;  that  of  Venus  but 
once  appear,  when  we  remember  the  little.  This  is  an  immediate  consequence 
great  law  of  all  the  planetary  motions,  of  the  excess  of  Mercury*s  excentricitjr 
mat  they  describe  equal  areas  in  equal  over  that  of  Venus :  for  the  elongation  is 
times  round  the  sun  in  the  focus  of  the  angle  subtended  at  the  earth  by  the 
their  orbits.  The  areas  being  equal,  distance  from  the  planet  to  the  sun,  and  it 
the  angular  velocit]^  varies  inversely  as  varies,  therefore,  in  corresponding  situa- 
the  square  of  the  distance ;  and  conse-  tions,  with  the  variation  of  the  distance 
quently  the  greater  the  variation  in  the  of  the  planet,  both  from  the  sun  and 
distances,  the  greater  is  that  of  the  from  the  earth.  Both  these  are  va- 
angular  velocity  also.  Now,  the  great-  riable  b^  reason  of  the  excentricity  of 
est  and  least  distances  of  the  planet  the  orbit:  and  the  greater,  therefore, 
^om  the  sun  are  the  two  parts  into  that  excentricity,  the  greater  will  be 
which  the  major  axis  is  divided ;  and  their  variations.  We  need  not  further 
of  these,  the  former  is  the  semi-axis  pursue  this  subject:  it  is  evident  that 
major  increased  by  the  sun's  distance  wherever  we  have  a  mean  value  onl^, 
from  the  centre  of  the  orbit,  and  the  the  greater  excentricity,  the  greater  will 
latter  the  semi-axis  major  diminished  be  the  variation  of  the  true  from  the 
by  the  same  quantity.    The  greater  the  mean  value. 

proportion  which  this  quantity  bears  to  The  next  columns  which  require  any 

the  semi-axis  major,  or,  in  other  words,  explanation  are  those  which  state  the 

as  the  sun  is  in  the  focus,  the  greater  apparent  diameter  of  the  sim,  as  seen 
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from  the  planet,  and  the  veloeitT  of  the  scope.    Some  have  been  ascertained  to 
planet  in  its  orbit.    These,  of  course,  be  of  four  or  five  times  the  diameter  of 
are  not  the  subjects  of  observation ;  but  the  earth.  At  other  times,  though  rarely, 
they  follow  immediately  as  ascertained  the  sun  has  presented  none  of  these 
results  from  the  other  elements  of  the  spots  for  several  years  together.    Vary- 
orbit  :  the  mean  velocity  being  known  ing,  however,  as  these  appearances  are, 
from  the  magnitude  of  the  orbit,  and  their  variations  are  slow.    The  same 
the  time  of  describing  it;  the  apparent  spot  may  be  observed,  day  after  day,  in 
diameter  of  the  sun  l)earing  to  its  ap-  the  same  situation  with  respect  to  other 
parent  diameter  at  the  earth  the  inverse  spots  in  its  neighbourhood,  so  as  to 
proportion  of  its  distance  firom  the  two  leave  no  doubt  of  its  identity :  but  all 
bodies.    In  making  the  former  compu-  these  spots  are  seen  successively  more 
tation,  the  earth*s  distance  from  the  to  the  westward,  till  they  finally  dis- 
iun,  which  is  called  1  in  the  Table,  is  appear  on  the  Western  side  of  the  sun, 
estimated  at  93,726,900  miles.     The  and  then,  after  a  considerable  interval, 
light  and  heat  of  the  sun  depend,  of  re-appear  on  the  Eastern  side,  and  re« 
course,  not  on  the  apparent  diameter,  commence  the  same  order  of  appear- 
but  on  the  apparent  magnitude  of  the  ances.     By  degrees  these  spots  alto- 
sun  ;  they  vary,  therefore,  as  the  squares  gether  vanish,  but  others  which  succeed 
of  the  apparent  diameter,  or  inversely  them  follow  the  same  law  in  their  mo- 
as  the  squares  of  the  distances.    In  tions ;  and  by  careful  observation  these 
Mercury,    therefore,    they   are   nearly  motions  are  found  to  correspond  with 
seven  times  as  great  as  at  the  earth;  in  those  which  would  be  observed,  if  the 
Uranus  nearly  370  times  less.  sun  were  to  revolve  from  West  to  East* 
The  next  column,  which  gives  an  ac-  in  25^  10**,  round  an  axis  inclined  at  an 
eount  of  the  time  of  revolution  on  an  angle  of  82^°  to  the  plane  of  the  echptic 
axis,  introduces  us  to  a  class  of  phe-  If  we  call  a  great  circle  of  the  sun  perpen- 
nomena,  of  which  we  have  as  yet  seen  dicular  to  the  axis,  the  equator  of  the  sun, 
no  instance,  except  in  the  case  of  the  it  is  generally  found  that  his  spots  are 
moon ;  we  shall,  however,  find  the  class  confined,  for  the  most  part,  to  a  zone 
both  extensive  and  important.    By  care-  of  his  surface,  not  extending  mcnre  than 
ful  observation  of  the  surface  of  several  31°  on  each  side  of  this  equator :  some, 
of  the  planets,  spots  and  other  marks  however,  have  been  seen  about  40^  firom 
may  be  perceived ;  and  by  continued  it.    The  light  of  the  sun  •  is  found  to 
examination  of  their  situation,  they  are  l>e  somewhat  more  intense  towards  the 
found  to  be  transferred  from  place  to  centre  than  towards  the  border;  and  it 
place  in  the  same  manner  as  if  the  is  supposed  that  this  is  occasioned  by  a 
planet  had  a  motion  of  rotation  round  dense  atmosphere  surrounding  the  sun, 
an  axis  passing  through  its  centre.    This  and  weakening  the  effect  of  its  rays, 
axis  in  different  cases  is  inclined  at  dif-  The  rays  proceeding  from  tlie  centre  of 
ferent  angles  to  the  plane  of  the  edip- 

tic,  but  in  each  planet  it  appears  always  *  The  motion  of  the  san  from  Wett  to  East 

parallel  to  itselt    Similar  observations  :-S'J{:«'i-.STo"'«J2.,*i'^*„'3*"r?Sr.'{:: 

lead  to  the  same  conclusion  Wltn  respect  earth*>  lurface.    The  >urfkc«  of  the  planet  which 

to   the    sun   itself:    and    his    period    of  i»  «poMd  to  the  earth,  !•  between  the  centre  of 

revolution  i.  awertained  to  te  about  Srr.SI'.Sf.'iJrSji'i.t.Vrrio^'pt.S 

2b'^  10^.     Some   account  may  here  be  direction*  at  these  different  nolnu,  which  are 

given  of  the  nature  of  the  pecdiarap.  .H«.tjd  »,JPP^^^J«»^;^^"~«fS».''SU 

pearance    Olraerved    on    each    of    these  towardayoa^shineanythlng  from  hia  right  to  hie 

bodies,  from  which  these  conclusions,  left  *»*nd.  tt»«  direction  of  the  moUon,  as  referred 

and  Mme  other,  of  eonaiderable  inte-  "^r^S^tl^^^'^iJS^.^^ 

rest,  are  drawn.  Jast  as  in  the  case  of  the  Inferior  planets.    Any 

The  sun.  when  viewed  through  a  tele-  KJSfw'n'g?,rd";r^Xr' J.t'-^ro'tS.S 

scope  fitted  up  for  ttie  purpose,  Wlttl  a  pUoet  revolves  ronnd  him}  and  lU  motion  Is 

fflaSS  of  dark  colour  to  prevent  the  ex-  retrograde  when  nearest  the  earth,  or  In  ts/erior 

r.^:..»    u.^»K4.>A..    r-r^•n    /i:««iKi;rk<«    4hA  eonjumettom.    We  treat  lU  motion,  iudeed,  as  retro- 

oessive  brightness  from  disabling  the  ^.  throughout,  which  is  not  Uie  case  wiui  an 

eye  from  observation,  is  generally  found  inferior  planet,  beca>ise,  observing  it  only  as  to  Ita 

in  have   afiveral  dark  SDOts  on  his  sur-  >ttuation  with  respect  to  the  suu,  and  not  making 

10  nave   several  oarK  spois  un  nw  sur  j^  pcJUon  in  actual  space,  we  consider  only  the 

face.     These   are  dltterent    at   Oltterent  effect  of  its  motion  round  the  sun,  uncomblned 

periods:    sometimes    numerous,    some-  with  the  sun*s  motion  round  the  earth}  and  that 

Sme.  few ;  «>metimes  .mall.  «.metime«  ^^IS^.ftl.^J.I'd^n^X-'jrr'o^.'".,"^ 

io  large  as  to  be  visible  without  a  tele-  bog  u  the  point  la  vuibie. 
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(he  Titible  tee  of  the  mn  to  a  speetator  probably  douds  in  hit  atmoephera,  and 

would  of  course  pass  through  tne  least  liable  to  much  agitation  from  winds : 

thickness  of  this  atmosphere,  and  would,  but  any  sueh  eonclusions  are,  of  course, 

in  consequence,  be  the  least  affected,  involved  in  much  uncertainty.    These 

It  is  also  conjectured*  that  the  sodiaoai  are  the  principal  facts  known  with  rela* 

lu:ht,  a  faint  light  sometimes  seen  a  tion  to  Jupiter,  except  one  of  the  highest 

little  after  sunset  and  before  sunrise,  importance— that  he  is  accompanied  by 

especially  about  the  time  of  the  vernal  four  small  bodies  which  appear  to  re* 

equinox,  is  reflected  by  the  atmosphere,  volve  round  him,  and  which  are  called 

The  observations  on  the  planets  which  his  satellites.    These  bodies  were  dis^ 

are  found  to  revolve  round  an  aids  are  covered  k>y  Galileo  as  soon  as  the  in* 

of  the .  same  nature.    The  motion  of  vention  of  the  telescope  gave  him  the 

each  of  them  is  found  to  be  from  West  means  of  making  observations  of  so 

to  East.    In  the  case  of  Venus,  lumi«  much  delicacy.    They  are  not  visible  to 

nous  points  are  occasionally  observable  the  naked  eye ;  but  a  telescope  of  ver^ 

near  tne  boundary  of  the  unenlightened  moderate  power  is  sufficient  to  exhibit 

part ;  and  from  these,  as  well  as  from  them.    Their  motions,  however,  are  of 

certain  dark  spots,  her  motion  of  rota^  too  great  importance  to  be  incidentally 

tion  is  ascertained.     The  equator  of  discussed  here:  and  as  the  remaining 

Venus— using   the  word  in  tne  same  planets  are  also  attended  by  satellites, 

sense  as  that  in  which  we  have  already  the  description  of  their  mot'ions,  and  of 

applied  it  to  the  sun,  namely,  a  great  the  laws  which  govern  them,  will  form 

circle  perpendicular  to  the  axis  of  ro-  the  subject  of  a  separate  section, 

tation— is  inclined  to  the  plane  of  the  Saturn,  as  well  as  Jupiter,  hat  satel- 

ecliptic  at  a  considerable  angle.    Ap-  lites,  and  also  a  very  remarkable  adjunct 

pearancee  detected  by  the  same  course  in  a  large  ring  which  surrounds  it,  and 

of  observations  have  led  to  the  further  a  more  particular  account  of  which,  as 

conclusion,   that  there  are  very  high  well  as  of  his  satellites,  will  also  Im 

mountains  on  the  surface  of  Venus,  and  found  in  the  next  chapter.  '  For  the  pre* 

that   she  is  surrounded  with   an  ex-  sent  it  is  sufficient  to  say,  that  the  ceo* 

tensive    atmosphere,  whose  refractive  tre  of  the  ring  coincides  with  that  of  the 

power  differs  little  from  that  of  the  at-  planet,  and  that  its  plane  is  inclined  at  an 

mosphere  of  the  earth.    These  latter  angle  of  a  little  more  than  31^  to  that  of 

observations,  however,  have  little  cer-  the  ecliptic.  The  ring  casts  an  observable 

taint V :  the  motion  of  rotation  is  com-  shadow  on  the  planet.    Besides  these 

pletelv  established.     Similar  observe*  appearances,  there  are  belts  observable 

tions  nave  been  made,  though  with  lese  on  the  surface  of  the  planet  nearly  pa- 

certainty,  upon  Menniry.  In  the  case  of  rallel  to  the  ring ;  and  the  planet  itself 

Mars,  there  is  nothing  particular  to  be  is  found  to  move  from  west  to  east 

detailed :  his  axis  of  rotation  is  inclined  round  an  axis  which  is  perpendicular  to 

about  60^  to  the  plane  of  the  ecliptic.  the  plane  of  the  ring.    As  in  the 


The  observations  which  are  made  on  of  Jupiter,  the  period  of  rotation  is  very 

Jupiter  are  much  more  curious  and  im-  short,  and  as  in  the  case  of  Jupiter  also, 

portent    Besides  spots,  whwh,  as  '^in  we  find  the  axis  and  the  equatorial  die* 

the  case  of  the  other  bodies,  show  him  meter  very  perceptibly  different ;  the 

to  revolve  round  an  axis  very  nearly  former  being  about  one-eleventh  shorter 

perpendicular    to    the    ecliptic,    there  than  the  latter, 
are  several  darkish  belts  observable  on       It  will  be  observed  that  there  ie  no 

his  surface,  which  cross  it  in  lines  per*  period  of  rotation  assigned  to  Mercuiy, 

pendicular  to  his  axis  of  rotation,  and  of  Vesta,  Juno,  Ceres,  Pallas,  and  Uranus, 

course  parallel  to  each  other.  There  are  no  observations  which  lead  to 

That  p^net  is  found  also,  by  minute  the  conclusion  that  these  bodies  do  re- 
observation,  not  to  be  spherical,  but  to  volve.  It  is,  howevej:,  probable  that,  as 
have  its  axis  shorter  than  the  equatorial  in  all  other  respects  they  correspond 
diameter,  in  the  proportion  of  thirteen  to  with  the  remaining  planete,  they  do  so 
fourteen  very  nearly.  We  shall  here-  in  this  also.  As,  however,  the  motion 
after  find  this  remark  of  importance,  of  rotation  is  detected  only  by  observe^ 
There  are  some  irregularities  in  the  mo*  tion  of  particular  marks  and  spots  on 
tion  of  the  spots  from  which  Jupiter^s  the  surface  of  the  lx>dy,  these  ooservap 
motion  of  rotation  has  been  ascertained,  tions  must  be  more  difficult  as  the 
which  give  colour  to  a  belief  that  they  body  is  more  distant,  and  when  its  ap- 
are  not  exactly  upon  hie  surface,  but  parent  diameter  is  very  small,  it  ie  not 
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to  be  expected  ihat  anv  eoeh  vamtionf  lumm,  therefore^  ueerUin  the  potitioii 

of  its  surface  can  be  detected.    Vetta»  of  the  plane  of  the  planet*s  orbit.    If 

Juno,  Ceres,  and  Pallas  are  so  small  the  planet's  orbit  were  circular,  the  sua 

that   their  i^parent    diameters   have  being  in  the  centre,  a  circle  described 

never  been  ascertained  at  all ;  and  that  round  the  sun  in  this  ascertained  plane 

of  Uranus  does  not  exceed  4''.    It  is  at  the  planeVs  mean  distance,  would  be 

not,  therefore,  surprising  that  observa-  its  orbit.    This  is  not  the  case.    From 

tion  should  be  unable  to  detect  any  mo-  the  mean  distance,  and  the  excentricity 

tion  of  rotation ;  nor  does  the  absence  however,  we  can  exactly  determine  the 

of  such  observations  furnish  any  reason  figure  of  the  planets  orbit ;  and,  conse* 

for  disbelieving  its  existence.    Even  in  quently,  if  we  know  the  situation  of  its 

the  case  of  Mercury,  though  his  extreme  axLi,  we  know  the  exact  position  of  the 

apparent  diameter  is  not  very  much  less  whole  orbit.    Now,  the  points  where 

than  that  of  Saturn,  the  greater  diffi-  the  planet  is  at  the  least,  and  at  the 

culty  of  making  observations  on  his  ap-  greatest  distance  from  the  sun,  or,  as 

pearances,  in  consequence  of  the  strong  tney  are  respectively  ealled»  the  peri^ 

light  diffused  over  the  part  of  the  heA-  helion  and  aphelion  of  the  planed  are 

▼ens  in  which  he  is  situated  by  the  near  at  the  extremities  of  the  axis  major  of 

neighbourhood  of  the  sun,  and  the  small  the  orbit ;  and  a  line,  therefore,  drawn 

part  of  his  disk  which  is  generally  visible  through  them,  which  will  pass  throuffb 

to  the  ol>serveron  account  of  his  phases,  the  sun  also  gives  the  position  of  the 

will  account   for   the  impossibility  of  axis.    To  ascertain  this  line,  we  want 

making  the  same  observations  with  only  the  longitude,  as  seen  from  the 

respect  to  him  that  have  been  made  with  sun,    of  the  perihelion;    for  a  plane 

respect  to  Saturn ;  and  even  in  the  case  drawn  perpendicular  to  the  ecliptic  there 

of  Saturn  the  observations  are  of  ex«  will  intersect  the  planet*s  orbit  in  the 

treme  difficulty,  and  Dr.  Herschel  was  perihelion ;  and  consequently  this  IoiIp 

the  first  person  who  successfully  made  gitude  being  known,  and  also  the  indi* 

them,  though  the  motion  of  rotation*  nation  of  the  orl>it,  the  exact  situation 

and  even  its  amount,  had  been  oonjeo-  of  the  perihelion  mav  be  discovered, and 

tured  before.    Like  Jupiter  and  Saturn,  hence  the  position  of  the  axis,  and  conse- 

Uranus  has  satellites,  an  account  of  quently  of  the  whole  orbit,  ascertained*, 

which  will  be  ^ven  in  the  next  chapter.  The  three  columns,  therefore,  with  those 

The  remaimng  columns  require  very  of  the  mean  distance  and  the  excentrir 

little  explanation.     The  plane  of  the  city,  furnish  the  means  of  completely 

ecliptic  beinf  a  known  plane,  the  posi-  ascertaining  the  position  of  the  orbit, 

tion  of  the  plane  of  any  other  orbit  will  It  should,  however,  be  observed  thaf 

be  ascertained,  if  we  know  ttie  incline*  all  these  elements  are  subject  to  a  very 

tion  of  that  orbit  to  the  ecliptic,  and  the  slow  variation.    The  nodes  of  all  thie 

line  in  which  it  intersects  it,  or  the  line  orbits  have  a  retrograde  motion,  except 

of  the  nodes.    The  position  of  the  sun  that  of  Mercury  which  b  direct ;  th]% 

also  is  known,  and  it  is  a  point  in  the  however,  even  in  the  case  of  Uranus, 

plane  of  the  ecliptic,  and  in  the  line  of  where  it  is  greate&t,  does  not  amount  to 

the  nodes :  the  position  of  this  line  will  quite  1^  in  one  hundred  yeara.  Thelongi* 

therefore  be  ascertained,  if  the  direction  tudes  of  the  perihelia  and  the  inclinations 

of  the  node  with  respect  to  the  sun  be  of  the  orbits  increase  in  some  planets,  and 

known ;  and,  as  the  node  is  in  the  plane  diminish  in  others :  the  utmost  variation 

of  the  ecliptic  also,  this  direction  will  be  in  the  longitude  of  the  perihelion,  which 

at  once  ascertained  by  the  longitude  of  is  that  of  Saturn,  is  only  of  32'  17'*  in 

the  node  as  seen  from  the  sun ;  that  is,  one  hundred  years,  in  increase ;  and  the 

the  distance  from  the  first  point  of  Arke  greatest  variation  of  inclination  is  that 

of  the  point  where  a  line  drawn  from  the  of  Jupiter^s  orbit,  the   inclination  of 

siio  through  the  node  meets  the  celestial  which  diminishes  23"  in  one  hundred 

cdiptia    Finally,  we  take  the  longitude  years.    The  excentrioity  of  the  orbitip 

0(  ike  mmsetuUng  node,  becanse  the  in-  also,   is   liable  to  a  slight '  variation, 

elination  may  St  measured  either  north-  These  variations  are  not  yet  ascertained 

wards,  at  the  ascending  node,  or  soulb-  in  the  case  of  Vesta,  Juno,  Ceres,  and 

wards  at  the  descending  node ;  and  it  is    — -:; 

(herafnre    n^r^sAArv    to    mrMpihr    whMik  *  Tlie  longitude  of  the  periheHon  and  alto  of  tlie 

Uimiore    aecessaiy   JO   Speciiy   wnien  ^^^^  ^,^  i^n^a,  thtlr  difference  li  knowa  I  ta« 

node  it  IS,    of  which  the  longitude  is  as-  Indinatiooalaob  known.  The  podtioo,  tberefoN, 

certained.    The  other  node  is,  of  course,  J*l,i^'lTi[15!i''*"ilL"?i?*°!i  *7  ti»e  •oi""on  ©r 

I  qaO  j;^^.*  4W.—   ♦KUTPkJ.^  *.^  rZ  ■  TiAt-angled  apheHcal  trlaacle,  In  wUch  oneilde 

180''  disCam  from  tma,    Tbeee  two  eo*  uidoMai«ie,baridaiiMfis&tsi«i«,artkM«iu 
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Pallas ;  with  respect  to  which  also  it  working,  will  illustrate  these  assertions, 
will  be  observed  that  many  columns  of  The  mean  distance  of  Jupiter  is  a  little 
the  table  are  deficient.  These  planets  more  than  a  fourth  part  of  that  of  Ura- 
are  all  very  small,  and  only  observable  nus.  Supposins;  it  exactly  a  fourth 
bv  telescopes  of  considerable  power,  part,  his  periodic  time  would  bie  less 
ifven  through  these  they  have  no  assign-  than  that  of  Uranus  in  the  proportion 
able  apparent  diameter,  and  of  course  of  1  to  V^^  or  of  1  to  ^64,  or  of  1  to 
we  have  no  knowledge  of  their  absolute  8 ;  and  his  velocity  greater  in  the  pro- 
magnitude,  except  that  it  is  less  than  portion  of  ^  to  1,  or  of  2  to  I.  As  his 
what  would  be  sufiBcient  to  give  them  distance  is  somewhat  greater  than  in  this 
an  ascertainable  apparent  diameter,  proportion,  the  periodic  time  of  Uranus 
Owing  to  their  exceeding  minuteness,  will  be  somewhat  less  than  8  times  that 
they  escaped  observation  till  the  begin-  of  Jupiter,  and  so  the  table  gives  it;  and 
ning  of  the  present  century,  when  Ceres  its  velocity  rather  more  than  half.  The 
was  discovered  by  Piazzi  at  Palermo  on  table  represents  it  as  half,  this  column 
the  very  first  day  of  January,  1801.  not  giving  its  values  with  any  minute 
Olbers  discovered  Pallas  in  1802,  and  correctness. 

Vesta  in  1807,  and  Harding  Juno  in  We  stated  also  that  the  synodic  period 
1803.  The  recent  date  of  their  disco-  was  greater,  in  the  case  of  an  inferior 
veiy,  as  well  as  the  difficulty  of  observ-  planet,  as  the  orbit  was  greater,  and  in 
ing  them,  necessarily  renders  our  know-  the  case  of  a  superior  planet,  as  the  orbit 
ledge  of  their  motions  imperfect.  The  was  less ;  and  on  looking  to  the  table 
same  observation  applies,  although  in  a  we  find  the  former  of  these  conclusions 
less  degree,  to  Uranus  ;  so  far,  at  least,  verified  by  comparison  of  the  values 
as  to  render  our  knowledge  of  its  mo-  given  in  the  cases  of  Mercury  and  Venus, 
tions  less  accurate  than  those  of  the  the  only  inferior  planets,  and  the  latter 
planets  longer  known.  It  is  difficult  to  in  the  case  of  all  the  others.  Again, 
measure  that  body,  both  on  account  of  taking  the  case  of  the  inferior  planets, 
its  small  apparent  diameter,  and  the  we  saw  that  we  might  expect  to  find  the 
extreme  faintness  of  the  light  which,  at  retrograde  motion  bear  the  greatest  pro- 
its  great  distance  from  the  sun,  it  re-  portion  to  the  direct  motion  in  those  pla- 
ceives  from  that  luminary,  and  reflects,  nets  which  had  the  smallest  orbits.  To 
The  consequence  was,  that  although  compare  these,  we  must  ascertain  the 
Flamsteed  observed  it  before  the  year  whole  amount  of  direct  motion  during 
1700,  and  Mayer  and  Leckonnier  after-  this  synodic  period.  Taking  the  instance 
wards,  none  of  them  detected  its  charac-  of  Mercury,  the  synodic  i)eriod  being  1 1 5 
ter,  but  considered  it  as  a  small  fixed  days,  and  the  sun's  mean  motion  being 
star ;  a  mistake  to  which  the  extreme  very  nearly  1^  in  a  day,  the  i>osition  of 
slowness  of  its  motions  would  naturally  the  sun,  and  consequently  the  position 
conduce.  It  was  not  till  1781  that  of  the  planet,  which  is  the  same  with 
Herschel  found  it  to  be  a  planet.  respect  to  the  sun  at  the  end,  that  it  was 
Before  quitting  the  subject  of  this  at  the  beginning,  of  the  synodic  period, 
table,  it  will  be  worth  while  just  to  refer  will  be,  at  the  end  of  the  synodic  period, 
to  some  of  our  previous  conclusions,  and  about  113°  distant  from  what  it  was  at 
to  point  out  the  correspondence  of  the  its  beginning.  This  quantity,  therefore, 
table  with  them.  The'periodic  time  of  a  must  be  the  difierence  of  the  direct  and 
planet  varies  as  the  square  root  of  the  retrograde  motions,  and  the  retrograde 
third  power  of  its  major  axis,  which  is  motion  having  been  ]3|°,  the  whole 
▼ery  nearly  double  its' mean  distance:  direct  motion  will  have  been  126i°,  and 
the  mean  velocity  varies  inversely  as  the  the  proportion  of  the  retrograde  to  the 
fquareroot  of  the  same  quantity:  the  direct  motion  will  be  13}  to  126i,  or 
periodic  times,  therefore,  increase,  and  nearly  1  to  9.  In  the  case  of  Venus,  the 
the  mean  velocities  in  the  orbit  dimi-  sun*s  mean  motion  during  the  synodic 
nish,  as  the  distance  increases.  On  period  of  584  days  will  have  been  about 
inspection  of  the  table,  it  will  be  seen  576° ;  and  as  the  planet  is  never  more 
that  they  do  so,  and  by  calculation,  it  than  about  45°  distant  from  the  sun,  she 
will  be  found  that  they  do  so  in  the  pro-  must  have  accompanied  him  during  this 

Sortions  assigned.    The  velocities,  in-  whole  course ;  he  cannot  have  left  her, 

eed,  are  only  rough  approximations,  and  returned  to  her  again,  performing  a 

and  the  conclusions  from  them  will  not  whole  revolution  without  her.    The  dif- 

be  very  accurate.    A  single  instance  of  ference,  therefore,  of  her  direct  and  re- 

each»  without  the  trouble  of  minute  trograde  motions  is  this  quantity  of  5  7  6^ 
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and  the  retrograde  motion  being  16°,  about  double  of  the  least;  the  greatest 

the  direct  motion  will  be  592^,  and  the  diameter  of  Venus    is  nearly  6  times 

proportion  of  the  one  to  the  other  that  the    least     Again,    the  greatest  dia- 

of  16  to  592,  or  nearly  1  to  37.    In  meter  of  Mars   exceeds  the   least   in 

the  superior  planets,  also,  on  the  other  the  proportion  of  5  to  1  nearl]^ :  in  the 

hand,  the  retrograde  motion  bears  a  case  of  J  upiter  the  proportion  is  only  of 

greater  proportion  to  the  direct  motion,  3  to  2,  in  Saturn  of  6  to  5 ;  in  Uranus 

the  greater  the  orbit  of  the  planet.    In  the  difference,  in  a  great  measure  from 

these,  as  the  planet  is  in  opposition,  or  the  smallness  of  the  quantities,  cannot 

180^  from  the  sun,  during  the  synodic  be  appreciated.    The  orbit  of  Venus  is 

conjunction,  and  as  the  sun  revolves  more  nearly  equal  in  magnitude  to  that 

more  rapidly  than  the  planet,  the  synodic  of  the  sun  than  that  of  Mercury  is ;  the 

period  must  always  exceed  a  year,  and  orbit  of  Mars  is  more  so  than  that  of 

the  sun  must  make  one  revolution  more  Jupiter,  of  Jupiter  than  of  Saturn,  and  of 

round  the  earth  than  the  planet  round  Saturn  than  of  Uranus.     In  each  case, 

the  sun  in  the  period.    This,  indeed,  ap-  therefore,  the  results  correspond  with 

pears  directly  from  the  manner  in  which  those  already  deduced    from  theory — 

the  duration  of  the  synodic  period  was  namely,  that  the  difference  l>etween  the 

obtained,  by  finding  the  arc  described  greatest  and  least  diameters  is  greater 

by  the  planet,  while  the  sun  described  as  the  planet's  distance  from  the  sun 

the  same  arc,  increased  by  360°.    If,  more  nearly  approaches  to  that  of  the 

therefore,  we  take  the  case  of  Mars,  sun  from  the  earth, 

whose  synodic  period  is  780  days,  the  _  -.r     ^^  t    «     «.        -  »     . 

sun  will  have  moved  through  about  769°,  Sbction  V.— Cy  ^Satellites  of  Jupi- 
and  the  whole  motion  of  the  planet  'fT'  Saturn,  and  Uranue,  and  of  the 
during  that  time  will  be  769°— 360°,  or       -^*^  of  Saturn. 

409°. '   This  is  the  difference  between  Whkn  Galileo  first  applied  his  telescope 

the  direct  and  retrograde  motion,  and  to  the  observation  of  the  heavens,  the 

the  retrograde  motion  t>eing  16°,  the  most  brilliant  of  the  planets,  Venus  and 

whole  direct  motion  will  be  iu>out  425°  Jupiter,  were  naturally  the  objects  of  his 

or  about  261  times  the  retrograde  mo-  particular  attention.    In  Venus  he  al- 

tion.    Again,  the  sun  s  motion  in  399  most  immediately  discovered  her  phases, 

days,  the  synodic  period  of  Jupiter,  is  In  observing  Jupiter,  he  found  in  his 

al)out  394°,  and  the  whole  motion  of  the  neighbourhood  some  very  small  lumi- 

planet  is  394°-- 360°,  or  34°.  The  retro-  nous    bodies,   the  existence  of  which 

grade  motion  is  10°:  the  whole  direct  seemed  to  have  some  relation  to  him. 

motion,  therefore,  is  34°-|-  10°,  or  44° ;  Jupiter  having  a  proper  motion  of  his 

or  4i  times  the  retrograde  motion.    In  own,  if  these  bodies  were  fixed  stars,  his 

Saturn,  the  sun's  motion  is  373°,  the  position  with    respect  to  them  would 

synodic  period  being  378  days :  the  pla-  alter  from  night  to  night ;  and  the  laws 

ners  whole  motion,  therefore,  is  13°;  of  his  motion  being  known,  the  degree 

and  the  retrograde  motion  being  6°,  the  and  manner  of  this  alteration  might  be 

whole  direct  motion  is  19°,  or  very  little  computed.     On  observation,  however, 

more  than  3  times  the  retrograde  motion,  the  relative  position  of  the  planets  and 

The  same  method  of  computation  may  these  bodies  was  found  indeed  to  vary, 

be  applied  to  the  remaining  instances  but  not  in    the   manner  in   which   it 

with  a  similar  result.    Similar  conclu-  would  have  varied  had  the  planet  alone 

sions  might  have  been  deduced,  although  moved.     On  the  contrary,   the  small 

with  less  accuracy,  from  the  column  stars  were  found  to  accompany  him, 

giving  the  time  of  retrograde  motion:  sometimes  on  one  side  of  him,  sometimes 

thus  in  the  case  of  Mercury  it  is  iVi,  or  on  the  other,  but  always  very  near  him 

i  of  the  synodic  period,  in  that  of  Venus,  throughout  the  whole  course  of  his  mo- 

•gYs  or  only  about  ^  of  it.      In  the  tions.    On  minute  observation  of  the 

superior  planets  the  synodic  period  con-  motions  of  these  bodies,  they  are  found 

tinually  diminishes,  and  the  time  of  re-  to  revolve  round  the  planet  at  different 

trograde  motion  continually  increases  as  distances  from  him.    They  are  called 

the  orbits  increase ;  of  course,  there-  his  satellites,  a  word  derived  from  the 

fore,  the  proportion  of  the  latter  to  the  Latin  satellites,  which  signify  the  guards 

former  increases  also.  or  attendants  of  a  prince  or  officer,  and 

The  only  remaining  observation  re^  which  is  applied  generally  to  smaller 

spects  the  appai-ent   diameters.     The  bodies  which  tlius  accompany  the  course 

greatest  diameter  of  Mercury  is  only  of  any  planet  or  moving  heavenly  l)ody« 
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These  satellites  are  four  in  number,  and  found  that  when  the  satellites  pass 
the  orbit  of  each  is  nearly  circular.  The  within  a  certain  distance  of  this  line,  at 
nearest  to  Jupiter  is  called  the  first,  the  a  greater  distance  from  the  sun  than 
next  the  second,  the  most  remote  the  Jupiter  is,  or  behind  Jupiter  and  through 
fourth  satellite.  The  inclination  of  the  his  shadow,  they  lose  all  their  light  and 
orbit  of  Jupiter  to  the  ecliptic  is  very  become  invisible.  We  conclude,  there- 
small,  and  so  also  are  the  inclinations  of  fore,  that  they  shine  only  by  reflecting 
the  orbits  of  these  satellites.  The  satei-  light  from  the  sun,  as  they  disappear 
lites,  therefore,  are  always  very  near  to  the  when  the  light  of  the  sun  is  intercepted 
plane  of  the  ecliptic,  and  consequently  as  from  them.  The  same  conclusion  may 
the  earth  itself  is  in  the  same  plane,  the  be  deduced  from  observations  made 
satellites  are  always  seen  very  nearly  in  when  the  satellites  pass  t)etween  Jupiter 
the  line  of  the  celestial  ecliptic,  which  is  and  the  sun,  for  then  a  shadow  may  be 
the  intersection  of  that  plane  with  the  observed  on  the  surface  of  Jupiter  cor- 
plane  of  the  heavens ;  or,  as  they  are  seen  responding  to  the  situation,  and  moving 
m  a  very  small  part  of  that  line,  they  will  with  the  motion  of  the  satellite,  which 
appear  very  nearly  in  a  straight  line,  which  therefore  is  evidently  an  opaque  body, 
passes  through  the  centre  of  the  planet,  giving  no  light  in  itself,  and  capable  of 

The  orbits  of  these  satellites  are  found  mtercepting  that  of  the  sun.  The  satel- 
to  be  elliptic;  those  of  the  first  and  lites,  therefore,  when  they  pass  behind 
second  are  very  nearly  circular ;  those  Jupiter  are  eclipsed,  just  as  the  moon  is 
of  the  third  and  fourth  have  observable  when  it  passes  behind  the  earth,  and 
excentricity,  that  of  the  fourth  being  the  they  eclipse  the  sun  to  Jupiter  when 
greatest,  and  the  excentricity  of  that  of  they  pass  between  the  planet  and  the 
the  third  varies  in  a  remarkable  manner,  sun,  just  as  a  solar  eclipse  on  the  earth 
The  squares  of  the  periodic  times  are  is  occasioned  by  a  corresponding  situap 
found  to  increase  in  the  proportion  of  tion  of  the  moon.  Another  conclusion 
the  cube  of  the  major  axis  of  the  orbit,  which  follows  from  the  same  observa^ 
the  same  law  as  that  observed  by  the  tions  is,  that  Jupiter  himself  is  an  opaque 
planets  in  their  motions  round  the  sun ;  l>ody  shining  only  b^  reflected  light;  for 
and  like  them  also  the  areas  described  if  he  were  luminous  in  himself  he  would 
by  the  radius  vector  [of  each  satellite,  enlighten  the  satellites  while  he  was  be- 
that  is  to  say,  by  the  line  joining  the  tween  them  and  the  sun,  and  those  parts 
centre  of  the  satellite  with  the  centre  of  of  his  surface  between  which  and  the 
Jupiter,  the  body  round  which  it  re-  sun  a  satellite  was  passing  would  con- 
volves, are,  for  each  satellite,  proper-  tinue  to  shine,  although  the  solar  light 
tional  to  the  times.  The  mean  dis-  was  intercepted  from  them.  We  have 
tances  of  the  satellites  are  respective-  already  seen,  p.  112,  that  the  absence  of 
ly,  5.81 296,  9 .  24868,  1 4 .  75240,  and  phases  in  Jupiter  furnishes  no  argument 
25 .  94686,  the  radius  of  Jupiter  being  against  this  conclusion,  but  corresponds 
considered  as  1 ;  and  the  periodic  times  with  it. 

of  their  revolution  round  Jupiter  are  The  motion  of  these  satellites,  like 

respectively  1.76914,3.55118, 7.15455,  those  of  all  the  bodies  connected  with 

and   16.68877  days,  quantities  which  the  solar  system  which  we  have  hitherto 

will  be  found  to  be  in  the  proportions  examined,  is  from  West  to  East.    The 

above  stated.    The  inclination  and  the  direction  of  their  motion,  its  time,  and 

position  of  the  nodes  of  these  respective  their  distances  from  the  planet  l)eing 

orbits  are  found  to  vary,  but  we  need  known,  their  motions  may  be  accurately 

not  here  make  any  statement  of  these  computed,  and  consequently  the  time 

particulars.  w hich  they  would  take  in  passing  through 

These  satellites  circulating  round  the  Jupiter's  shadow,  or  during  which  they 

planet  in   planes  very  little  different  would  cast  a  shadow  on  his  surface, 

from  that  of  the  planet*B  motion  round  ascertained.    The  latter  of  these  may  be 

the  sun,  the  planet  must  frequently  be  observed  in  the  case  of  all  the  satellites, 

between  some  of  the  satellites  and  the  but  probably  not  with  sufficient  accuracy 

sun,  and  some  of  the  satellites  in  the  to  draw  any  material  conclusion  from  it ; 

same  manner  between  the  sun  and  the  the  former  cannot  in  the  case  of  the  first 

planet.     The  periods    at  which  these  or  second  satellite,  the  entrance  of  which 

phenomena  take  place  may  be  com-  into  the  shadow,  or  else  its  departure 

puted,  for  the  positions  of  Jupiter  and  from  it,  is  always  concealed  from  the 

the  sun  l)eing  known,  the  position  of  the  earth  by  the  planet.     The  third  and 

line  joining  Uiem  is  known  also.    It  is  fourth  satellites,  which  are  more  distant 
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from  the  planet,  nay  both  appear  and  sun,  and  alao  his  real  diameter.     Of 

disappear  when  the  planet  is  not  between  course,  if  his  distance  from  the  earth 

them  and  the  earth ;  and  when  they  do  can  be  ascertained,  these  values  may  be 

so,  the  duration  of  the  edipse  is  found  computed ;  the  former  directly  from  the 

accurately  to  correspond  with  the  calcu-  tria^ngle  formed  by  the  three  bodies,  of 

lation.  All  these  circumstances  prove  the  which  two  sides,  the  distances  of  Jupiter 

truth  of  our  conclusions,  that  the  satel-  and  the  sun  from  the  earth,  would  be 

lites  shine  only  by  reflected  light,  and  known,  and  the  included  angle,  the  elon- 

also  confirm  the  accuracy  of  our  know-  gation  of  Jupiter  might  be  observed; 

ledsre  of  their  motions.  the  latter  from  the  comparison  of  his 

The  observation  of  these  eclipses  fur-  known  distance  from  the  earth  with  his 

nishesthe  best  means  of  ascertaining  the  apparent  diameter  which  might  be  ob- 

periodio  time  of  the  satellites.    As  they  served.  But  there  is  a  difficulty  in  ascer- 

take  place  when  the  satellites  and  sun,  taining  his  distance  from  the  earth,  for 

seen  from  Jupiter,  are  in  opposition,  the  his  parallax,  the  element  generally  used 

interval  between  two  successive  eclipses  in  such  computations,  is  too  small  to  be 

is  a  synodic  period,  or  some  number  of  correctly  ascertained.   Taking  the  values 

synodic  periods ;  and  the  synodic  period  given  in  the  table,  in  p.  1 22,  to  be  correct, 

l>eing  thus  ascertained  by  easy  observa-  Jupiter  when  nearest  to  the  earth  is 

tion,  the  periodic  time  may  be  deduced  more  than  four  times  the  distance  of  the 

from  it,  m  the  same  way  as  in  the  case  sun  from  it ;   his  horisontal  parallax, 

of  the  moon  or  of  a  planet.  therefore,  is  more  than  four  times  less 

Small  a^  these  bodies  are,  for  their  than  that  of  the  sun,  and  as  the  parallax 

apparent  diameter  can  scarcely  be  mea-  of  the  sun  is  little  more  than  8",  that  of 

sured,  it  is  hardly  to  be  expected  that  Jupiter,  even    under  these,    the  most 

any  observations  can  be  made,  where-  favourable  circumstances,  will    hardly 

by  to  ascertain  if  they  have  any  mo-  exceed  2",  a  quantity  much  too  small 

tion  of  rotation.     In  the  fourth  sateU  to  trround  any  calculations  upon  and 

lite,  however,  Maraldi  observed  a  cer-  still  less  on  its  variations.    How,  then, 

tain  spot,  from  which  he  concluded  that  are  these  elements  to  be  ascertained  ? 

it  revolved  round  an  axis,  and  that  the  Assuming,  indeed,  the  correctness  of  the 

time  of  this  revolution  was  the  same  as  law  that  the  periodic  times  vary  as  the 

the  periodic  time  round  the  planet.    Dr.  square  root  of  the  cubes  of  the  dis- 

Herschel  also  observed,  that  the  bright-  tances,  Jupiter's  distance  from  the  sun 

ness  of  the  different  satellites  varied  at  may  l>e  ascertained  from  observation  of 

short  intervals,  and  as  they,  like  Jupiter  the  periodic  times,  and  his  distance  from 

himself,can  have  no  observable  phases  at  the  earth,    and  consequently  his  real 

the  earth,  this  variation  of  brightness  magnitude,  deduced  from  this  element ; 

could  only  proceed  from  some  variation  but  it  is  obviously  desirable  to  be  able 

on  their  respective  surfaces.    By  care-  also   to   ascertam  this   independently. 

All  comparison  of  their  respective  bright-  And  the  observation  of  the  eclipses  of 

nesseswith  each  other,  and  by  thus  ascer-  his  satellites  enables  us  to  do  this.    If 

taining  when  the  brightness  of  each  was  we  take  an  eclipse,  of  which  the  begin- 

at  its  greatest  and  least  intensity,  he  ning  and  end  can  be  observed,  the  time 

finally  arrived  at  the  same  conclusion  of  the  middle  of  the  edijise  can  be  ascer- 

with  respect  to  all,  that  Maraldi  had  tained;   and   at  that  time  the  planet 

{>reviously  deduced  for  the  fourth  satel-  would  be,  with  nearly  complete  acon- 
ite— namely,  that  they  all  revolve  round  racy,  between  the  sun  and  the  satellite. 
an  axis,  and  that  the  time  of  rotation  of  The  line  joining  the  sun  and  Jupiter  is 
each  is  equal  to  its  periodic  time.  therefore  at  that  time  the  same  with  that 

Assuming  the  correctness  of  our  know-  jdning  Jupiter  and  the  satellite.    Now 

ledge  of  the  motions  of  th^e  bodies,  we  the  position  of  the  line  joining  the  planet 

proceed  to  apply  it  to  the  ascertainment  and  satellite  may  be  ascertained  from 

of  two  very  important  facts — ^the  one  our  knowledge  of  the  motions  of  the  lat- 

purely  of  an  astronomical  nature,  the  ter,  the  position,  therefore,  of  the  line 

other  belonging  more  properly  to  the  joining  the  sun  and  Jupiter  may  be 

science  of  optics,  but  ascertained  only  known.    That  of  the  line  joining  the  sun 

by  these  astronomical  researches,  and  of  and  earth  at  the  same  time  is  known 

the  highest  importance  also,  as  we  shall  also ;    and    hence  the   angle  between 

hereafter  see,  to  astronomical  science.  these  two  lines.     Again,  the  angle  of 

We  have  stated  in  the  table,  in  p.  122,  elongation  of  the  sun  and  Jupiter,  as 

the  mean  distance  of  Jupiter  from  the  seen  from  the  earth  at  the  same  instant. 

K  2 
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maybe  obseryed;  and  consequently  in  exactly  in  the  proportion  of  the  varia- 

the  triangle  formed  by  joining  the  sun,  tion  of  distance ;  and  as  it  is  found  to 

earth,  and  Jupiter,  two  angles,  and  of  be  so,  we  are  authorized  to  conclude 

course  the  third  are  known.    The  ratio,  that  the  reason  of  its  occurrence  is  that 

therefore,  of  the  sides  is  known;  and  a  certain  time  is  necessary  to  the  trans- 

the  distance  of  Jupiter  from  the  sun,  in  mission  of  light.  The  utmost  difference, 

terms  of  the  sun's  distance  from  the  or  the  sum  of  the  extreme  acceleration, 

earth,  may  thus  be  ascertained.    In  the  and  the  extreme   retardation,    of  the 

same  manner  the  distance  of  Jupiter  eclipses  is  16"  26*.     The  greatest  dis- 

from  the  earth  at  the  same  instant  may  tance  of  Jupiter  from  the  earth  is  the 

be  ascertained,  and  by  comparing  this  sum  of  his  distance  from  the  sun,  and 

with  the  apparent  diameter,   the  real  the  sun's  distance  from  the  earth ;  the 

diameter  of  Jupiter  may  be  ascertained  least  distance  of  Jupiter  from  the  earth 

also.    We  have  already  stated  it  to  be  is  the  difference  of  these  same  quanti- 

about   11   times  that  of  the  earth ;  his  ties ;  and  the  extreme  ditference  between 

actual  magnitude  of  course  exceeds  that  his  dbtanoes  from  the  earth  at  different 

of  the  earth  in  the  ratio  of  the  cubes  of  times  is  the  ditference  between  these 

their  diameters,  or  of  1 1"  or  1331,  to  1 .  values,  or  twice  the  sun's  distance  from 

When  the  motions  of  Jupiter  and  his  the  earth.    The  time,  therefore,  which 

satellites  «.  ■     -.  ...  ^i..-_  ji_* 

enable 

riods 

gularity  was  found  to  pervade  the  ob-  about  93,726,900  miles,  or  its  double 

servations  of  them.    They  were  found  187,453,800  miles,  the  motion  of  light  in 

to  occur  very  nearly  at  the  times  pre-  .„  .     187,453,800       ,      .  ,«- ^aa 

dieted ;  but  not  accurately.    When  Ju-    1*  ^^  be  —^ or  about  190.000 

piter's  distance  from  the  earth  was  least,  miles. 

the  eclipses  occurred  rather  more  than  The  detail  given  of  the  motions  of 

8  minutes  before  the  computed  time ;  Jupiter's  satellites  and  the  mode  of  ob- 

when  greatest,  about  the  same  period  serving  them  will  suflSciently  explain 

after  it ;  and  at  all  intermediate  dis-  the  mode  of  proceeding  with  respect  to 

tances  the  variation  of  the    observed  the  remaining  planets.     As  they  are 

from  the  computed  time  was  found  ac-  more  distant  from  the  earth,  the  ob- 

curately  to  correspond  with  the  varia-  servation  of  their  peculiar  appearances 

tion  of  the  actual  from  the  mean  dis-  jg  ^ore  difficult,  and  our  knowledge  re- 

tance ;  the  observed  time  preceding  the  gpecting  them    more  imperfect.     The 

computed  time,  whenever  the  distance  principles  of  investigation,  however,  are 

of  Jupiter  from  the  earth  was  less  than  the  same.    Saturn  is  then  found  to  have 

the  mean  distance,  and    following  it,  seven  satellites,   moving  from  West  to 

whenever  it  was  greater.    It  is  evident.  East  around  the  planet,  in  orbits  nearly 

therefore,  that  this  variation  depends  on  circular*,    and   generally   inclined    at 

the  distance  of  Jupiter  from  ttie  earth,  angles  of  about  31*^  to  the  plane  of  the 

as  it  corresponds  accurately  with  this  echptic.    The  seventh,  or  most  distant 

element  at  all  times,  and  under  all  cir-  satellite,  however,  has  its  orbit  coin- 

cumstances.    This  discovery  was  made  aiding  more  nearly  with  the  plane  of  the 

by  Roemer,  a  Danish  astronomer,  in  ecliptic.    The  mean  distances  of  these 

1674  ;  and  he  also  suggested  the  true  satellites  from  Saturn  are  respectively 

explanation.     It  clearly  appears  that  3.080,3.952.4.893,6.268,8.754.20.295, 

the  result  exactly  corresponds  with  that  59,154  times  the  planet's  radius ;  and 

which  would  take  place  if  the  appear-  their  periodic   times  .94271,   1.37024, 

ances  m  question  were  seen  at  different  1.88780,    2.73948.    4.51749,   15.94530, 

times  by  observers  at  different  distances  79.3296O  days,  values  which  again  cor- 

from  the  objects  observed,  and  later  as  respond  with  the  law  that  the  periodic 

the  distances  increased ;   or,  in  other  times  vary  as  the  square  root  of  the 

words,  (as  these  appearances  are  only  ^ube  of  the  axis  major.     In  each  of 

seen  by  the  eyes  receivinj:.  or  ceasing  to  these  satellites,  also,  as  well  as  in  those  of 

receive  light  from  the  object  observed,)  Jupiter,  the  areas  described  by  the  radius 

if  that  light  travelled  gradually,  instead  vector  are  pfoportional  to  the  time, 

of   being   propagated  instantaneously,  Like  the  satellites  of  Jupiter,  these 
from  the  object  to  the  observer.     If  this 

were  so  and  the  rate  of  its  motion  uni-  .  ^^  ^^^^  ^,  ,^^  ^..^  ,^^,1^,^  ^,,,,,er.  u 

form,  the  vanation  m  time  would  be  percepubiy  eiiipticau 
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have  no  ascertainable  apparent  diar  which  encompasses  the  planet.  By  mi- 
meter.  The  sixth,  treating  the  satellite  nute  observation,  it  has  been  ascertained 
nearest  to  the  planet  as  the  first,  and  the  that  the  plane  of  this  ring  is  inclined  at 
most  distant  as  the  seventh  or  last,  is  an  angle  of  31^  32'  to  that  of  the,  eclip- 
the  largest,  and  was  first  discovered.  It  tic,  and  that  it  exactly  corresponds  with 
was  first  observed  by  Huygens,  and  is  the  plane  of  the  equator  of  the  planet 
thence  called  the  Huygenian  satellite,  itself.  It  is  found  that  the  thickness  of 
It  is  seen  without  much  difficulty  in  a  the  ring  is  very  small,  probably  not 
common  telescope.  The  others  are  more  than  1000  miles,  while  its  outer 
more  difficult  of  observation  ;  the  first  diameter  is  about  200,000  miles,  (its  ap- 
and  second  were  never  discovered  till  parent  diameter  at  the  mean  distance  of 
Dr.  Herschel  observed  them;  the  others  Saturn  being  47^,")  and  its  inner  dia- 
were  discovered  at  different  periods  be-  meter  about  161,000 ;  the  width  of  the 
tween  the  eras  of  Huygens  and  HerscheL  whole  ring  being,  therefore,  about  20,000 

Difficult,  however,  as  they  are  of  ob-  miles.  On  more  minute  observation, 
servation,  one  of  them,  the  seventh,  fur-  however,  it  is  found  that  the  ring  is  di- 
nishes  a  very  remarkable  result.  Its  vided  about  6700  miles  from  its  outer 
light,  whenever  it  is  to  the  east  of  Sa-  edge,  and  that  there  is  then  an  interval 
turn,  becomes  so  faint  that  the  satellite  of  about  3800  miles  in  width ;  so  that 
cannot  be  seen  without  great  difficulty,  it  really  consists  of  two  concentric  rings, 
much  exceeding  that  presented  at  other  an  outer  and  an  inner  one,  lying  in  the 
times.  As  in  the  case  of  the  satellites  same  plane.  It  has  even  been  supposed 
of  Jupiter,  this  cannot  proceed  from  from  some  faint  appearances  of  division 
any  phases  presented  by  the  satellite  to  on  its  surface,  that  it  consists  of  a  greater 
the  earth ;  it  must,  therefore,  depend  on  number  of  these  concentric  rings, 
some  variation  of  its  surface.  We  are  These  minute  observations  are  princi- 
thus  enabled  to  conclude  that  this  satel-  pally  due  to  Dr.  Herschel,  who  has  also 
lite  has  a  motion  of  rotation  round  an  ascertained,  by  the  observation  of  some 
axis,  and  that  this  motion,  like  the  cor-  brilliant  points  on  its  surface,  that  it  has 
responding  motions  of  Jupiter*s  satel-  a  motion  of  rotation  from  West  to  East 
lites,  is  performed  in  its  periodic  time,  round  an  axis  perpendicular  to  its  plane* 
We  have  no  means  of  making  similar  and  passing  through  the  centre  of  Sa- 
observations  on  the  other  satellites ;  but  turn,  and  consequently  coinciding  with 
as  far  as  our  observations  go,  it  ap-  the  axis  of  rotation  of  Saturn  himself, 
pears  to  be  a  fact  common  to  all  satel-  The  period  of  this  rotation  is  .437  of  a 
iltes,  that  they  do  revolve  on  an  axis,  day,  very  nearly  the  same  as  that  of  the 
and  that  the  period  of  their  revolution  rotation  of  Saturn  himself.  A  more  re- 
is  the  same  with  their  periodic  time,  markable  observation  is  this,  that  the 
This  offers  a  remarkable  analogy,  and  period  of  rotation  of  the  ring,  is  that 
also  a  remarkable  contrast,  to  the  facts  which  would  be  the  period  of  rotation 
stated  in  the  table  in  page  122,  with  re-  of  a  satellite  whose  orbit  was  the  mean 
spect  to  the  planets  ;  an  analogy  in  the  circumference  of  the  ring,  deducing  that 
existence  of  motions  of  rotation,  a  con-  period  from  those  of  the  actually  exist- 
trast  in  the  circumstance  that  the  pe-  ing  satellites,  according  to  the  law  that 
riod  of  rotation  appears  in  the  case  of  the  periodic  times  vary  as  the  square 
satellites  to  beluniformly  the  same  with  root  of  the  cubes  of  the  distances, 
the  periodic  time,  while  in  the  case  of  The  plane  of  the  ring  being  inclined 
the  planets  it  evidently  is  unconnected  to  the  ecliptic,  and  the  earth  being  in 
with  it.  the  plane  of  the  ecliptic,  and  Saturn 

The  most  remarkable  appearance  pre-  never  far  distant  from  it,  the  plane  of 
sented  by  Saturn  remains  to  be  de-  the  ring  can  never  be  perpendicular  to 
scribed.  Galileo  observed  that  Saturn  the  line  joining  Saturn  with  the  Earth, 
did  not  appear  spherical,  but  seemed  to  The  ring,  therefore,  will  always  be  seen 
have  two  small  bodies  adhering  to,  or  obliquely.  Now  a  circle,  when  viewed 
closely  accompanying  him  ;  not  moving  obliquely,  at  a  considerable  distance,  as- 
round  him  like  satellites,  but  continuing,  sumes  to  the  eye  the  appearance  of  an 
at  least  for  a  considerable  period  of  ellipse,  an  ellipse  being  the  projection 
time,  to  hold  the  same  position  with  re-  of  a  circle ;  and  the  more  obliquely  the 
spect  to  him.  Some  time  afterwards,  circle  is  presented  to  the  eye,  or  the 
when  the  construction  of  telescopes  was  smaller  the  angle  made  b}^  the  plane  of 
considerably  improved,  Huygens  dis-  the  circle  with  the  line  joining  the  eye 
covered  that  these  were  .not  separate  and  its  centre,  the  more  excentric  is  the 
bodies,  but  the  two  sides  of  a  ring,  ellipse.    When  this  line  coincides  with 
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the  plAne  of  the  circle,  the  circle  U*  the  linit  uid  the  plaiwt,  thrau^  whnA 
sumec  the  appearance  of  a  itraifiht  ilBm  have  ocaasioniily  bean  «een. 
hne.  Now  oi  the  eenlre  oF  the  eaHh  ii  Afniii  the  iuti  it  in  the  {dam  of  the 
a  point  in  the  ecliptic,  it  may  cfidentljr  celiptie  ;  and  therefore,  on  the  same 
bapped  that  the  Qommon  section  of  the  principle  ai  before,  the  common  aeclion 
plane  at  the  ring  and  tli«  ecliptic,  which  of  the  rinir  end  ecliptic  may  pots  throujih 
I*  a  hne  in  the  plane  of  the  ecliptic,  it.  In  thit  cue,  tlierefore,  the  rayi  oF 
may  paM  through  the  eaKh ;  and  in  the  lun  will  fall  only  on  (he  edge  of  Iha 
thin  cane,  u  the  Mme  common  section  ring.  When  they  do  lo,  the  ring  i< 
>■  a  line  in  the  jdane  of  the  ring  alio,  found  to  disappear  lo  common  obgerra> 
the  circle,  which  forms  the  ring,  would  lion  ;  but  a  line  of  shadow,  corretpond- 
beieenu  a  straight  line.  When  this  ing  with  the  position  of  ill  plane,  ii 
it  the  case,  the  edge  of  the  ring  only  ii  found  creasing  the  diik  of  the  planet, 
presented  to  the  specie  tor,  and  as  that  The  ooncluiion  is  obvious,  that  both 
edge  is  comparatively  Tcry  thin,  it  ii  not  Saturn  and  the  ring  shine  only  by  re- 
of  siifBcietit  magnitude  to  be  visible  fleeted  light ;  fbr  the  ring  hecomea  in- 
except  by  telescopes  of  very  great  power,  visible  when  the  rays  of  the  sun  do  not 
Herschel,  however,  succeeded  in  seeintt  fail  on  it,  which  it  would  not  do  if  it 
it  even  under  these  circumstances,  and  shone  by  ita  own  light ;  and  Balurn  is 
found  it,  as  it  would  naturally  appear,  darkened  where  (be  rays  of  the  sun  ai« 
in  the  farm  of  a  straight  line.  At  dif-  inter«epted  from  it,  which  also  would 
ferent  inclinations,  the  ellipse  would  of  notbe  the  case  if  it  were  itself  luminoui. 
course  appear  of  different  width;  but  The  very  edge  of  the  ring,  however, 
li»e  inclination  never  much  exceeding  which  in  this  case  would  receive  the  rays 
30°,  the  minor  axis  of  the  ellipse  will  of  the  sun,  woiild  still  be  illuminated ; 
never  be  more  than  about  half  the  but  as  in  the  case  when  the  edge  only 
major.  These  appearances  may  be  ad-  isturtied  tons,  it  isiniisible.except  with 
vantageously  represented  by  figures,  of  telescopes  of  very  great  povrer.  With 
which  j^.  33  represents  Saturn  with  these  Dr.  Herschel  succeeded  in  ob- 
Ffg.ss.  serving  it. 

Besides  these  disappearances,  how- 
ever, which  last  for  a  comparatively 
short  time,  there  are  others  of  more 
importance.  In/Ig.  3S,  let  S  represent 
the  place  of  the  sun,  the  circle  de- 
scribed about  it  the  orbit  of  Saturn,  1; 
any  position  of  Saturn,  and  A  tt  B  (a 
line  drawn  through  ^  )  the  intersection 
of  the  plane  of  the  ring  with  the  plane 
(rf  the  ecliptic.  Let  XV  be  drawn 
throughS,|iam1lel  to  A  )t  B, and  meet- 
ing the  orbit  in  X  and  V.    The  plM» 

Fig.  35. 


eularly  to  its  plane,  and^^.  'i 
pearance  presented  to  the  earth,  when 
the  ring  in  seen  nesriy  at  the  ^^eatest 
angle.  Under  these  circumstances, 
there  is  a  well-defined  Space  between 
Fig.  34. 


of  the  ring  is  always  perpendicular  to 
the  axis  of  the  planet ;  and  cunse- 
quentlf,  as  we  liave  siready  siB.tud  that 
the  axis  of  tlie  planet  is  parallei  to  itself 
in  all  posK ions,  the  plane  tifthe  ling 
must  be  so  also,  and  consequently  the 
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several  intersections  of  that  plane  with  (ion  of  the  line  in  which  the  plane  of  (he 

the  plane  of  the  ecliptic  will  always  be  ring  intersects  the  ecliptic ;  for  this  plane 

parallel.    When,  therefore,  the  planet  is  then  passes  through  the  earth,  and  the 

at  X  and  Y,  this  intersection  will  coin-  line  joining  Saturn  and  the  earth  is  the 

cide  with  the  lines  X  8,  Y  8,  joining  the  line  of  intersection  required.    This  line 

centre  of  the  ring  and  the  sun.    This,  always  mores  parallel  to  itself.    When, 

therefore,  must  happen  twice  in  each  therefore,  it  is  ascertained  by  obsenra- 

rcYoIution  of  the  planet  round  the  sun  ;  tion  that  the  edge  of  the  ring  is  pi«. 

and  on  these  occasions  the  disappear-  sented  to  the  sun,  in  which  case  we  have 

anoes  of  the  ring,  of  which  we  have  last  already  seen  that  this  line  of  intersec- 

spoken,  will  occur,  the  edge  of  the  ring  tion  must  pass  through  the  sun,  the  po- 

being  then    turned  towaras    the    sun.  sition  of  this  line  is  known.  The  position 

Besides  this,  it  is  plain  that  one  side  of  of  the  line  joining  the  earth  and  sun 

the  ring  will  be  turned  towards  the  sun  may  be  observed  at  the  same  period ; 

throughout  that  half  of  the  orbit  which  and    consecjuently  the   angle  between 

lies  from  X  through  Y?  to  Y  ;  and  the  these  two  lines  known.  The  elongation, 

other  skle,  throughout  ^e  remaining  also,  of  Saturn  from  the  sun,  as  seen  at 

half ;  and  consequently  that  the  oppo-  the  earth,  may  be  observed.     As  in  the 

site  sides  of  the  ring  will  be  illummed  case  of  Juoiter,  therefore,  we  know  the 

during  each  of  these  periods ;  and  that  angles  of  the  rectilineal  triangle  formed 

one  side  will  always  be  light,  and  the  by  lines  joining  the  sun,  the  earth,  and 

other  dark,   except    on  the  occasions  Saturn ;  and  we  can,  therefore,  ascer- 

when  the  edge  of  the  ring  only  is  pre-  tain  the  distances  of  Saturn  from  the 

sented  to  the  sun,  and  both  the  sides  are  Sun,  and  from  the  earth ;  and  from  the 

deprived  of  his  light.      '  latter,  and  the  apparent  magnitude  at 

r^ow  the  earth  is  at  a  considerable  the  time,  we  can  ascertain  the  real  mag- 
distance  firom  ttie  sun,  though  that  dis-  nitude.  As  in  the  case  of  Jupiter,  the 
tance  is  small  when  compcS^d  with  its  results  so  obtained  correspond  with 
distance  from  Saturn.  It  may  easily,  those  deduced  from  the  law  of  the  pe> 
therefore,  happen  that  the  plane  of  the  riodic  times.  His  diameter  is  thus 
ring  passes  between  the  earth  and  the  ascertained  to  be  ten  times  that  of  the 
sun,  and  consequently  that  the  opposite  earth,  and  his  whole  bulk  of  course  to 
sides  [of  the  ring  are  presented  to  those  exceed  that  of  the  earth  in  the  proper- 
bodies.  The  dark  side,  therefore,  will  tion  of  the  cube  of  10,  or  of  1000  to  1. 
be  presented  to  the  earth,  and  the  ring  Uranus  is  so  distant  from  the  earth 
will,  on  that  account,  be  invisible.  The  that  there  is  little  opportunity  of  minute 
very  edge,  indeed,  of  the  ring  would  not  observation  concerning '  him.  He  is, 
be  absolutely  turned  away  either  from  however,  ascertained  to^liave  six  satel- 
the  sun  or  the  earth ;  it  would  therefore  lites  moving  in  orbits  nearly  circular, 
be  illumined,  and  this  illuminated  edge  and  with  periodic  times  corresponding 
might  be  visible ;  and  here  again  Dr.  to  their  distances  acooiding  to  theusuu 
Herschel,  with  the  assistance  of  his  very  law.  Their  mean  distances  are  respeo- 
poweiful  instruments,  has  succeeded  in  tively  13.120,  17.022,  19,845,  22.752, 
seeing  this  small  portion  of  the  ring.  45.507,  and  91.008  times  the  radius  of 
when  it  was  invisible  to  all  other  ob-  the  planet ;  and  their  periodic  times, 
servers.  Generally  speaking,  however,  5.8926,  8.7068,  10.9611,  13.4559, 
the  ring  may  be  considered  as  invisible  38.0750,  and  107.6944  days.  There  is 
during  this  period ;  and  Galileo  was  led  one  remarkable  difference  in  their  mo- 
for  a  time  to  doubt  the  correctness  of  tions  from  those  of  the  other  bodies 
his  discovery,  from  the  disappearance  of  which  we  have  considered.  Their  orbits 
the  ring  from  this  cause  after  he  had  for  are  very  nearly  perpendicular  to  the 
«ome  months  observed  it  Its  nature  ecliptic;  and  their  motion,  therefore, 
and  the  laws  of  its  motion  were  not  can  hardly  be  consideied  from  West  to 
then  sufficiently  ascertained  to  enable  East,  agreeabl)r  to  the  uniform  rule 
him  to  account  for  this  disappearance,  found  to  obtain  in  all  the  other  motions 
and  the  correctness  of  his  original  ob-  of  the  system.  These  satellites,  as  well 
servations  appeared  doubtful,  until  the  as  the  planet  which  they  accompany, 
re-appearance  of  the'ring,  when  the  sun  were  all  discovered  by  Dr.  Herschel; 
and  earth  again  were  on  the  same  side  and  he  further  suspected,  from  the  re- 
of  its  plane,  confirmed  them.  suit  of  his  observations,  that  the  planet 

The  observation  of  the  periods  when  was  surrounded  by  two  rings  perpendi- 

the  edge  of  the  ring  is  presented  to  the  cular  to  each  other.    This  fact,  if  esta- 

eailh)  enables  us  to  deta-mine  the  diiec-  blished,  is  a  remarkaUe  and  very  curious 
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one;  but  it  cimnot  at  present  be  planet,  in  the  foeui;  and  that  the  radius 
considered  as  at  all  certain.  There  are  vector  of  the  revolving  l>ody  describes 
no  means  of  ascertaining  his  distance  equal  areas  in  equal  times, 
and  actual  magnitudet  Hke  those  men-  Again,  we  have  reason  to  conclude, 
tioned  in  the  case  of  Jupiter  and  Sa-  though  not  with  the  same  certainty,  that 
turn ;  the  determination  of  these  ele-  all  the  Ixxlies  of  the  solar  systeni  have 
ments  must,  therefore,  rest  on  ,the  ob-  motions  of  rotation  round  an  axis ;  the 
servation  of  his  periodic  time,  and  the  planets  in  times  which  do  not  appear  to 
law  by  which  the  distances  and  periodic  foUow  any  particular  rule ;  the  satellites 
times  are  connected.  in  times  uways  equal  to  the  periodic 
We  have  now  gone  through  a  state-  time  of  the  particular  satellite  round  its 
ment  of  the  motions  of  all  the  bodies  planet.  We  are  not,  indeed,  able  to 
which  are  commonly  considered  to  form  ascertain  these  facts  with  respect  to  all 
the  solar  system.  There  are,  indeed,  the  bodies  with  which  we  are  acquainted, 
other  l)odies  belonging  to  it  which  occa-  of  either  description ;  but  we  find  the 
sionally  appear  in  the  heavens,  and  ex-  case  to  be  so  with  respect  to  all  which 
cite  mucn  observation  and  curiosity  we  can  observe ;  and  it  is,  therefore,  a 
when  they  do  so,  which  are  known  by  natural  conjecture,  that  it  is  so  in  the 
the  name  of  comets.  Their  motions,  others  also,  as  they  present  no  appear- 
however,  are  more  complicated  and  dif-  ances  inconsistent  with  the  supposition, 
f&cult  of  ascertainment,  and  cannot  well  We  should,  therefore,  be  inclined  to  con- 
be  explained  without  the  aid  of  some  jecture,  that  a  new  planet,  if  such  should 
theory  to  which  we  have  not,  up  to  the  hereafter  be  discovered  revolving  round 
present  period  of  this  treatise,  attained,  the  sun,  would  have  a  motion  of  rotation 
These  motions,  also,  are  not  suited  to  round  an  axitf ;  and  that,  if  it  were  ac- 
throw  much  light  on  certain  very  im-  companied  by  any  satellite,  this  satellite 
portant  considerations,  to  which  we  are  would  itself  revolve  round  an  axis,  and 
now  qualified  to  proceed  ;  it  will,  there-  that  its  times  of  rotation  on  its  axis, 
fore,  be  most  convenient  to  postpone  andof  revolution  round  the  planet,  would 
any  consideration  of  them  for  the  pre-  be  equ^.  All  the  other  motions  of  the 
sent,  and  proceed  to  examine  the  results  sdar  system  are  from  West  to  East ; 
which'we  nave  already  obtained ;  and  to  we  should,  therefore,  expect  that  these 
deduce  from  them  some  very  important  would  be  so  also, 
modifications,  or  rather  a  complete  re-  Now  we  have  already  stated,  that  the 
construction  of  a  great  part  of  our  8un*s  periodic  time  is  exactly  equal  to 
whole  system  of  astronomy.  what  would,  in  the  supposition  of  the 

same  law  obtaining  at  that  distance,  be 

the  periodic  time  of  a  planet  revolving 

Chapter  V.  round  the  sun  in  an  orbit  of  which  the 

major  axis  was  equal  to  that  of  the  8un*s 
Sbction  I.— Ftrff/  idea  of  the  motion  of  orbit  round  the  earth.  If,  therefore,  for 
the  Earth,  ^^  instant  we  suppose  that  the  appear- 
ances actually  observed  could  equally 
On  comparing  together  all  the  facts  well  be  explained  on  the  supposition  of 
whichwe  have  ascertained  with  respect  the  earth  revolving  round  the  sun  at 
to  the  planets  and  their  satellites,  we  that  distance  at  which  we  have  hitherto 
may  consider  certain  general  laws  to  be  considered  the  sun  to  revolve  round  the 
completely  established.  The  proportion  earth,  the  periodic  time  observed  would 
between  the  periodic  times  and  the  ma-  correspond  with  that  determined  by  the 
jor  axes  of  the  orbits  is  found  to  subsist,  general  law  regulating  the  duration  of 
both  with  respect  to  every  planet  in  its  such  revolutions, 
revolution  round  the  sun,  and  to  every  We  are  aJways  able  to  observe  the 
satellite  of  each  particular  planet  in  its  position  of  the  moon  with  respect  to  the 
revolution  round  that  planet.  Subsist-  earth,  and  the  supposition  we  are  pro- 
log thus,  at  distances  very  far  different  posing  would  not  be  fit  for  adoption,  if 
from  each  other,  it  is  at  least  a  plausible  it  were  found  inconsistent  with  ner  mo- 
conjecture  that  it  does  so  generally,  and,  lions.  But  if  it  be  not  so,  and  if  it  be 
consequently,  that  if  a  new  planet  or  also  true,  the  moon  would  evidently  be  a 
satellite  were  discovered,  its  motions  body  revolving  round  the  earth,  and  ac- 
would  follow  this  same  law.  The  same  companying  it  in  its  course  round  the 
remark  will  apply  to  Kepler's  other  laws,  sun;  or  it  would  be  a  satellite  of  the 
namely,  that  these  revolutions  take  place  earth.  We  should,  therefore,  be  led  to 
in  elliptic  orbits  round  the  sun,  or  the  expect,  that  if  the  earth  and  moon  were 
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such  a  planet  and  satellite,  they  would  through  all  the  considerations  requisite 
each  have  a  motion  of  rotation  from  to  the  discussion  of  this  subject,  is  this : 
West  to  East ;  and  that  the  motion  of  that  wherever  it  is  known  that  of  two 
rotation  of  the  moon  would  be  com-  bodies  one  revolves  round,  or  has  any 
pleted  in  the  time  of  its  revolution  round  motion  with  respect  to,  the  other,  their 
the  earth.  In  fact,  we  know  that  it  is  relative  motions  may  be  equally  well 
80 ;  and  this  instance  of  correspondence,  explained,  whichever  of  the  two  we  sup- 
though  by  itself  it  furnishes' no  proof  of  pose  to  be  at  rest,  and  the  other  m 
the  truth  of  the  supposition,  leads  us  at  motion. 

least  to  consider  it  as  one  worth  investi-  The  simplest  case  is  that  of  two  bodies 
l^ation.  The  motions  of  the  moon,  also,  only,  considered  without  reference  to 
both  of  revolution  and  rotation,  are  from  uny  others,  and  on  the  supposition  that 
West  to  East,  like  those  of  the  other  the  motion  of  the  moving  body  takes 
planets  and  satellites.  place  in  a  plane;  and  a  very  simple 
It  would  be  easy  at  once  to  point  out  diagram,  and  very  simple  considerations, 
some  arguments  which,  assuming  that  will  suffice  to  show  that  their  relative 
the  supposition  is  not  inconsistent  with  motions,  whatever  they  be,  may  be 
the  appearances  observed,  would  induce  equally  well  explained,  whichever  we 
us  to  consider  it  the  true  one ;  but  as  no  consider  to  be  at  rest.  Of  course,  when 
probabilities  of  this  kind  could  warrant  two  bodies  only  are  concerned,  their 
us  in  adopting  the  supposition,  if  it  failed  relative  motions  will  be  the  same  on  dif- 
to  correspond  with  these  appearances,  ferent  suppositions,  if  their  distances 
the  preferable  order  will  be  first  to  ex-  from,  and  directions  with  respect  to  each 
amine  whether  it  is  capable  of  explain-  other,  are  the  same  on  each ;  we  are  not 
ing  them.  If  it  proves  so,  it  will  then  be  concerned  with  their  aciiuil  positions  in 
time  to  consider  whether  it  furnishes  a  space.  Let  then  A  and  B  in  Jig,  36,  re- 
more  probable  explanation  of  them  than  p.  ^g 
the  supposition  which  we  have  hitherto  °' 

adopted,  and  which  observation  origi-     ^ ^^ 

nally  leads  us  to,  namely,  that  the  earth 
is  at  rest,  and  that  all  the  heavenly 
bodies  revolve  about  it.  We  proceed, 
therefore,  first  to  investigate  the  effects 
which  might  be  produced  by  the  rotation 
of  the  earth  round  an  axis,  and  its  revo- 
lution round  the  sun,  supposing  these  to 
exist  We  shall  find  that  they  correspond 
with  the  appearances  actually  presented. 
It  is,  however,  a  plausible  objection,  that 
these  motions  cannot  exist,  for  that,  if 
they  did,  we  should  be  sensible  of  them. 

Our  next  object,  therefore,  will  be  to  present  any  two  bodies  whatever,  and 

consider  and  remove  this  objection,  and  l<^t  us  first  suppose  B  at  rest,  and  A  to 

we  shall,  then,  examine  the  probabilities  move  through  any  line  A  a,  either  curved 

which  there  are  in  favour  of  the  sup-  or  straight,  and  drawn  in  any  direction 

position  of  the  earth*s  motion ;   and,  whatsoever.    Draw  B  £  a  hue  in  any 

finally,  point  out  one  particular  pheno-  given   direction    whatever,  as,  for  in- 

menon  which  can  only  be  explained  on  stance.  Eastward,  in  the  plane  passing 

that  supposition,  and  whk;h,  therefore,  through  A  a  B  ;  then  the  relative  posi- 

seems  aJmost  exclusively  to  demonstrate  tions  of  the  two  bodies  at  the  beginning 

its  truth.   This  is  the  phenomenon  of  the  and  end  of  the  motion  will  be  ascer- 

aberration  of  the  fixed  stars:  it  has  been  tained  by  the  distances  A  B,  a  B,  and 

mentioned  before,  but  its  explanation  the  angles  ABE,  a  BE,  respectively, 

deferred.  Let  B  6  be  a  curve  equal  and  similar  to 

TT      T.    .-.      ^  ^.  ^^*  *"^  situated  in  the  same  manner 

Section  l\. --Identity  of  the  mppear-  with  respect  to  the  line  AB,  that  the 

anceson  the  suppontton  that  the  Sun  curve  A  a  is  with  respect  to  the  line 

and  Heavens  are  at  rest,   and  the  B  A ;  the  relative  position  of  the  two 

Earth  describes  an  orbit  round  the  bodies  will  be  the  same  if  A  be  supposed 

Sun,  and  revolves  on  an  axis  with  at  rest,  and  B  to  move  from  B  to  6,  that 

those  actually  observed,  it  was  on  the  former  supposition.    To 

Ths  general  principle  which  will  lead  us  show  this,  let  A  6  be  joined,  and  ^  £  be 
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drawn  parallel  to  BE;  6  £,  therefore,  to  East.    Id  (he  figufie  as  drawn,  A  a 

is  in  the  same  direction  as  B  E.    Now  representing  the  motion  of  the  sun,  is  a 

A  B  e,  B  A  6,  are  equal    and    similar  motion  from  West  to  East ;  the  angle 

figures ;   the  corresponding  sides  and  A  B  a,  therefore,  is  an  angle  measured 

angles,  Uierefore,  are  equal,  or  Ab = Bo,  in  that  direction.    If  the  lines  A  B,  a  B, 

and  the  angle  B  A6=the  angle  A  B  a.  be  continued  by  the  two  dotted  lines,  it 

Henoe  A 6  and  Ba  are  parallel, end  bE  is  obvious  that  the  radius  vector B  A, 

B  £  are  parallel  also ;  the  angles  A  6  E,  by  continuing  its  motion  in  the  same 

a  B  £,  contained  between  these  pairs  of  direction,  will  successively  coincide  with 

parallel  lines,  are,  therefore,  equal  also,  each  of  the  two  dotted  lines,  and  describe 

But  b  A  measures  the  distance  of  A  from  the  angle  between  them.    But  this  angle 

b,  and  A6E  its  direction  with  respect  is   equal  to  the  angle  BA6,  describisd 

to  it  estimated  in  the  same  manner  as  by  the  radius  vector  A  B,  on  the  sup- 

the  direction  of  a  with  respect  to  B  ;  position  of  the  earth's  motion ;  for  the 

these,  therefore,  are  the  same  on  the  dotted  lines  are  parallel  to  the  lines  BA, 

supposition  of  B's  motion,  that  they  A  6,  which  contain  it.    The  angle  B  A ^, 

were  on  that  of  A*8 ;  or  the  relative  posi-  therefore,  corresponds  in  magnitude  and 

tion  is  the  same  on  eaeh  supposition,  direction  with  that  between  the  dotted 

Again,  the  fibres  A  B  a,  B  A  6,  are  lines,  and  it  is,  therefore,  described  like 

equal  and  similar,  and,  of  course,  their  that  angle,  by  a  motion  from  West  to 

areas  are  equal  also ;  and  if  any  similar  East.    The  angular  direction  of  the  mo* 

portions  of  these  areas  ABXfBAy^be  tion,  therefore,  is  the  same,  although 

cut  off)  these,  also,  in  the  same  manner  the  linear  direction  is  opposite, 

will  be  equal  to  each  other.  It  is  evklent  We  see,  then,  that  me  earth  may  be 

that  these  conclusions  are  entirely  inde*  supposed  to  have  a  motion  round  the 

pendent  of  the  particular  figure  assigned  sun,  which  would  make  their  relative 

to  the  curve  described.  situations  always  the  6|ime  that  they  an 

The  curve  apparently  described  by  observed  to  be ;  that  this  motion  would 

the  sun  is  an  ellipse,  of  which  the  earth  be  from  West  to  East,  like  those  of  the 

is  in  the  focus.    Their  relative  positions,  other  planets,  and  that  the  earth  on  this 

then,  will  be  the  same,  if  the  earth  de-  supposition  would  follow  all  Kepler*s 

scribes  a  similar  ellipse  round  the  sun.  laws  of  planetary  motion,  having  her 

All  the  lines  drawn  from  the  different  orbit  an  ellipse  round  the  sun  in  the 

points  in  this  ellipse  to  the  sun  will  be  focus,  the  areas  described  by  the  radius 

equal  to  those  drawn  to  the  earth  from  vector  proportional  to  the  time,  and  the 

the  corresponding  points  in  the  ellipse  periodic  time  bearing  to  that  of  all  other 

supposed  to  be  described  by  the  sun.  planets  the  ratio  of  the  square  root  of 

The  angles  between  these  corresponding  the  cube  of  their  respective  major  axes. 

lines  will  be  equal  also ;  and,  conse-  We  <4iserve,  however,  the  situation  of 

quently,  the  sun  will  occupy  exactly  the  the  moon,  the  planets,  and  the  fixed 

same  position  with  respect  to  the  ellipse  stars,  as  well  as  that  of  the  sun.    We 

supposed  to  be  described  by  the  earth,  proceed,  therefore,  to  examine  whether 

that  the  earth  does  with  respect  to  that  these,  also,  are  eonststent  with  the  sama 

apparently  described  by  the  sun ;  or  it  supposition, 

would  be  in  the  focus.  In  the  case  of  the  moon  there  is  no 

Supposing  the  earth  thus  to  move,  difficulty.    We  have  ascertained  notiuog 

her  radius  vector  would  describe  equal  with  respect  to  its  motions,  except  that 

areas  in  equal  times,  or  areas  always  it  is  dways  in  a  certain  position  with  re* 

proportional  to  the  time ;  for  the  areas  spent  to  the  earth.    If,  therefore,  the 

descrit)ed  by  the  radius  vector  of  the  earth  moves,  the  moon  must  partake  of 

earth,  (as  the  small  area  B  Ay,  or  the  its  motion,  besides  having  a  motion  of 

large  one  B  A  6,  supposing  B  to  repre-  her  own  round  the  earth.    This  motioa 

sent  the   earth,  and  A  the  sun,)  are  round  the  earth  is  all  which  observers 

always  equal  to  the  area  described  by  on  the  earth  perceive ;  but  the  actual 

the  radius  vector  of  the  sun  (as  the  small  motion  performed  by  the  moon  in  abso- 

area  A  6  :r,  or  the  large  one  A  B  a),  lute  space  will  be,  on  this  supposition,  a 

These  latter  areas,  however,  we  have  seen  curve    of   a  very  complicated  nature, 

to  follow  the  law  of  Kepler ;  those  de-  There  is,  however,  nothing  improbable  in 

scribed  by  the  radius  vector  of  the  earth,  this  result.    It  takes  place  in  the  ease  of 

therefore,  will  follow  it  also.  all  other  satellites,  and  very  simple  in- 

The  motion  of  the  earth,  on  the  sup-  stances  may  be  adduced  to  show  the 

position  thus  made,  will  be  from  West  manner  in  which  these  different  motions 
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of  (he  moon  round  the  earth,  and  of  the 
earth  round  the  lun,  may  be  combined 
If,  for  instance^  we  suppose  the  wheel  of 
a  carriage  to  have  himinous  points  fixed 
on  it,  and  the  carriage  to  be  driven  on  a 
dark  night,  a  spectator  standing  still 
might  observe  the  path  of  the  luminous 
points.  If  they  were  on  the  edge  of  the 
wheel,  the  path  would  be  a  cycloid,  if 
nearer  its  centre,  a  trochoid.  These 
paths  described  in  absolute  space  have 
a  resemblance  to  a  circle.  We  know, 
however,  that  the  point  is  always  at  the 
same  distance  from  the  centre  of  the 
wheel,  and,  therefore,  that  they  are  ac- 
tually described  by  the  combination  of 
two  motions,  that  of  the  point  round  the 
centre,  and  of  the  centre  itself  along  the 
road.  We  might,  from  mere  calculation, 
ascertain  from  the  observed  path  of  the 
luminous  point  that  it  might  be  descrilwd 
by  a  combination  of  such  motions ;  and 
we  do,  in  fact,  make  a  similar  calculation 
in  ascertaining  the  orbit  of  the  satellite 
of  a  distant  planet,  when  we  ol>serve  the 
orbit  in  absolute  space;  having,  how- 
ever, this  advantage,  that  we  see,  also, 
the  planet  itsdf,  the  centre  round  which 
one  of  its  motions  is  performed,  and  the 
sun  round  which  the  satellite  itself,  with 
its  planet,  performs  the  other,  and  are 
thus  led  at  once  to  rsfer  its  motions  to 
their  right  centres.  In  the  case  of  the 
moon,  wtien  we  are  ourselves  at  the 
centre  of  one  of  its  motions,  a  different 
illustration  will  serve  us  best.  Every 
one  who  has  walked  out  in  summer  has 
observed  insects  buznng  about  his  head, 
and  flying  round  and  round  it,  accom- 
panying him  wherever  he  goes.  The 
onlv  motion  which  he  at  first  observes 
is  tills  circular  motion  about  him ;  for  it 
is  the  only  change  of  their  reictive  posi- 
tion. It  is,  however,  evident,  that  their 
actual  motion  is  not  circular,  for  if  it 
were,  they  would  return  to  the  same 
point  of  spaee,  while  he  would  have 
quitted  it;  th^  necessarily,  therefore, 
follow  him  in  all  his  motions,  and  par«> 
take  of  them,  t)eside8  having  a  motion 
round  him.  Just  the  same,  on  tiie  sup- 
position of  the  earth^s  motion  round  the 
sun»  woidd  be  the  motion  of  the  moon ; 
the  only  difference  is,  that  we  are  not 
conscious  of  the  motion  of  the  earth,  we 
are  of  our  own ;  in  one  case,  we  are  slow 
to  believe  the  supposition;  in  the  other, 
we  are  aware  of  ttie  fact.  But  the  mo- 
tion is  similar  in  each  case,  and  there  is 
no  real  difficulty  in  the  one,  which  does 
not  equally  apply  to  the  other. 
The  manner  ia  whieh  the  sMppontion 


of  the  earth*s  motion  will  apply  to  the 
observations  of  the  motions  of  the 
planets,  requires  some  rather  more  com- 
plicated examination. 

Fig.  37. 


In  Jig.  37,  let  S  represent  the  position 
of  the  Sun  at  any  given  time,  E  that  of 
earth,  and  M  that  of  any  planet,  which 
we  will  suppose,  for  the  present,  to 
move  in  the  plane  of  the  ecliptic.  A 
curve,  therefore,  drawn  in  the  plane 
passing  through  S,  M,  and  E,  will  repre- 
sent the  orbit  of  the  planet,  and  another 
curve  drawn  in  the  same  plane,  the  orbit 
of  the  sun,  if  that  luminary  be  supposed 
to  move  round  the  earth.  Let  S «  re* 
present  a  portion  of  the  Sun*s  orbit,  and 
let  M  N  be  the  portion  of  the  planet*8 
orbit  described  round  the  sun  in  the 
same  time.  From  the  point  $,  draw  «Z 
parallel  to  8  £,  and  make  the  angles 
Zstn,  Zfft,  equaltoESM,  ESN,  re- 
spectively.  And  draw  m  n  a  curve  simi- 
lar and  equal  to  M  N.  Then  it  is  evident 
that  the  points  m,  n,  are  situated  with 
respect  to  9,  just  as  M,  N,  are  with  re- 
spect to  8,  for  they  are  at  the  same  dis- 
tances from  it,  and  their  directions  are 
equally  inclined  to  lines  «  Z,  S  E,  drawn 
in  the  same  direction  from  the  respective 
points  9,  S.  But  the  planet  was  at  M 
when  the  sun  was  at  S,  and  would  de- 
scribe an  arc  M  N,  while  the  sun  moved 
from  S  to  8,  the  point  n,  therefore,  re- 
presents the  planet*6  situation  after  the 
sun  has  moved  f^om  S  to  9.  Let  ns 
now  suppose  the  earth  to  move  round 
the  sun,  in  the  same  manner  as  we  lie- 
fore  supposed  the  sun  to  move  round 
the  earth,  and  of  course,  a  curve  de- 
scribed in  the  plane  of  S  M  N  £  will 
represent  the  orbit  of  the  earth  :  and  if 
we  make  the  anele  E8«=8E;,  and 
the  curve  E  e  similar  to  S  #,  and  situated 
with  respect  to  E  S.  as  S  «  is  with  re- 
spect to  8E,  the  curve  E0  will  repre- 
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gent  an  orbit  of  the  earth,  which  will  equal  also;  for  it  is  the  hvpothenuse  of 

make  the  relative  situations  of  the  earth  equal  right-angled  triangles :  and  the 

and  ^sun  the  same  as  they  would  be  if  direction  of  the  lines  joining  the  earth 

the  sun  were  supposed  to  move.    On  and  planet  being  the  same,  the  vectors 

supposition,  therefore,  of  the  sun*s  mo-  passing  through  these  lines  perpendi- 

tion,  the  respective  places  of  the  sun,  cular  to  the  ecliptic  will  be  parallel,  or 

earth,  and  planet,  at  the  end  of  the  run  in  the  same  direction;  and  thus 

given  time,  would  be  «,E,n,  the  planers  the  longitude  also  will  be  the  same, 

distance  from  the  earth,  nE,  and  its  In  this  case  also,  then,  the  latitude 

elongation  nEs:  on  the  supposition  of  and  longitude,  and  the  actual  distance 

the  earth's  motion  round  the  sun,  the  being  all  the  same,  all  the  appearances 

places  would  be  S,  «,  N,  the  distance  of  planetary  motion  will  be  exactly  the 

N  e ,  and  the  elongation  N  0  S.  same  on  the  supposition  of  the  earth's 

Now,  «  E  =  S  e,  for  S  £  # ,  E  S  «,  are  motion,  that  they  are  on  that  of  the  sun's, 
equal  and  similar  figures.  Finally,  the  identity  of  these  appear- 

And^n^SN,  for  m^yt,  MSN,  are  ances   has  been  ascertained  only  by 

equal  and  similar  figures.  showing  that  the  actual  distances  are 

The  included  angles,  also,  E«n,eS  N,  the  same,  and  the  angles  made  with 

are  equal,  for  E«n=Z«n— Z«E=  certain  lines  drawn  in  fixed  directions, 

£SN-ES6=6SN,  and  therefore  parallel  to  each  other» 

the  two  triangles,  therefore,  are  equal  in  the  same  on  each  supposition.    The  po- 

every  respect,  and  £n=eN,  andn£«  sition,  however^  of  the  sun  and  planets 

sN^S.    The  distances,  therefore,  of  is  observed  with  respect  to  the  fixed 

the  planet  from  the  earth  are  the  same  stars  also ;  and  if,  therefore,  these  pa- 

on  tne  two  suppositions ;  and  so  are  its  rallel  lines  would  point  to  observably  dif- 

elongations  from  the  sun.    But  the  ap-  ferent  points  in  the  heavens,  when  drawn 

parent  position  of  the  sun  itself  is  the  from  different  situations  of  the  earth  on 

same  on  each  supposition ;  and  conse-  the  supposition  of  its  motion,  the  situ- 

quently  the  apparent  position  of  a  point  ations  of  the  sun  and  planets,  being  the 

at  the  same  elongation  from  him  is  the  same  with  respect  to  these  points,  would 

same,  if  its  distance  is  equal  in  each  be  observably  different  with  regard  to 

case.     The   apparent  position  of   the  the  heavens  in  general.    If,  however* 

planet,  therefore,  is  so ;  and  all  the  ap-  the  sphere  of  the  heavens  be  considered 

pearances  of  the  planetary  motion  will  as  immeasurably  distant,  the  interval 

be  exactly  the  same  on  the  one  suppo-  between  the  points  where  these  parallels 

sition  that  they  are  on  the  other.  met  them,  being  always  equal  to  tlie 

As  yet  we  have  only  considered  the  distance  of  the  situations  ol  the  earth 
case  of  a  planet  moving  in  the  plane  of  from  which  they  are  drawn,  would  be- 
the  ecliptic.  It  is,  however,  obvious  come,  notwithstanding  the  great  mag* 
that  the  same  conclusions  will  apply  nitude  of  this  distance,  too  small,  in 
also  to  the  case  of  a  body  which  moves  comparison,  to  l)e  at  all  observable ; 
out  of  that  plane.  If  from  every  point  just  as  we  have  already  seen,  that,  in 
of  the  orbit  perpendiculars  be  let  fsill  on  fact,  the  distance  of  any  two  points  on 
the  plane  of  the  ecliptic,  they  will  trace  the  earth's  surface  is  too  small  to  pro- 
out  a  certain  curve  on  that  plane ;  and  duce  any  distinction  between  the  relative 
this  curve,  wherever  it  is  situated,  will  positions  of  the  fixed  stars  as  seen  at 
always  be  similar  and  equal  to  itself;  them.  There  is,  therefore,  no  impossi- 
and,  consequently,  as  in  the  former  case,  bility  which,  on  this  account,  attaches 
each  point  of  this  curve  so  constructed  to  tlie  supposition  of  the  motion  of  the 
will  be  at  the  same  distance,  and  in  the  earth ;  for  any  difficulty  which  would 
same  direction  with  respect  to  the  earth,  arise  may  be  removed  by  increasing  the 
on  either  of  the  suppositions  in  ques-  distance  at  which  we  conceive  the  fixed 
tion.  The  distance  of  these  points  from  stars  to  be  placed  from  us.  We  shall 
the  earth  being  equal  on  each  suppo-  hereafter  consider  the  probability  of  this 
sition,  and  the  actual  perpendicular  ais-  supposition.  For  the  present,  it  is  suf- 
tance  of  the  planet  from  the  plane  of  the  ficient  to  have  shown  that,  if  admissible, 
ecliptic  being  the  same  in  each  case,  the  it  would  obviate  the  only  remaining 
angle  subtended  at  the  earth  by  this  difficulty;  and,  consequently,  that  the 
perpendicular  distance,  or  the  planet's  supposition  of  the  earth's  revolving 
apparent  distance  from  the  ecliptic,  round  the  sun  is  consistent  with  all  our 
that  is,  his  latitude,  is  the  same  on  each  observations  of  the  apparent  motions  of 
supposition,  and  his  actual  distance  is  the  sun,  moon,  and  planets,  and  the 
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lunar  and  planetary  theory  deduced  will  be  an  hour  for  every  15^  of  right 
therefrom.  We  conclude,  therefore,  that  ascension.  The  intersection  of  this  me- 
the  earth  may  be  a  planet,  subject  to  ridian  with  the  eartli^s  surface  will 
the  same  laws  as  the  others.  But  if  always  at  each  place  be  the  same:  all 
the  earth  be  a  planet,  we  should  con-  observations,  therefore,  made  there,  and 
jecture  that  it  would  have  a  motion  of  referred  to  this  intersection,  will  be  con- 
rotation  upon  an  axis,  and  that  this  sistent  with  each  other.  If  we  suppose 
motion  would  take  place  from  West  to  the  earth  to  be  a  solid  of  revolution. 
East  We  proceed,  therefore,  to  in-  that  is  to  say,  that  anv  section  perpen* 
quire  what  would  be  the  apparent  effect  dicular  to  the  axis  is  always  a  circle :  a 
produced  by  such  a  motion.  plane  passing  through  the  axis  and 
Let  us,  then,  suppose  the  earth  to  any  point'on  the  earth's  surface  will  be 
revolve  round  an  axis  passing  through  perpendicular  to  the  plane  touching  the 
its  centre.  The  centre  of  the  earth  earth  at  that  point,  or  to  the  horizon  at 
being  supposed  to  coincide  with  that  of  that  place ;  and  it  will  therefore  coincide 
the  sphere  of  the  heavens,  the  axis  will  with  the  plane  of  the  meridian  of  the 
be  a  diameter  of  the  sphere,  and  any  place.  The  meridian  of  the  place,  there- 
plane  passing  through  it  will  intersect  fore,  will  travel  Eastward  at  the  same 
that  sphere  in  a  great  circle.  The  poles  rate  of  15^  in  an  hour ;  and  if,  while  it 
of  the  heavens  are  at  the  extremities  of  really  did  so,  we  were  to  suppose  it  fixed, 
a  diameter  of  the  sphere.  Let  us  sup-  and  instead  of  observing  its  motions  with 
pose  the  axis  of  rotation  of  the  earth  to  respect  to  the  stars,  observe  the  po- 
coincide  with  this  diameter ;  and  every  sitions  of  the  stars  with  respect  to  it,  we 
great  circle  made  by  the  intersection  of  should  find  that  the  stars  which  were  on 
any  plane  passing  through  this  axis  with  it  at  one  instant  were  to  the  West  of  it 
the  heavens  will  pass  through  the  poles  at  the  next,  it  having  really  moved  to 
of  the  heavens ;  or  it  will  be  a  meridian,  the  East  of  them ;  and  they  would  there- 
Let  us  now  suppose  this  plane  to  move  fore  appear  to  have  moved  from  East  to 
from  West  to  East,  and  in  every  po*  West,  exactlv  at  the  same  rate  as  the 
sition  its  intersection  with  the  heavens  meridian  re«lly  moved  from  West  to 
will  still  l)e  a  meridian,  but  a  meridian  East,  or  15°  in  a  sidereal  hour, 
continually  more  to  the  East  than  be-  These  are  exactly  the  appearances  de- 
fore.  If,  therefore,  it  coincided  at  one  scribed  in  the  former  part  of  this  trea- 
hour  with  the  meridian  of  certain  stars,  tise  as  occurring  during  a  sidereal  day. 
it  will  coincide  an  hour  after  with  the  We  come,  therefore,  to  this  conclusion 
meridian  of  certain  stars  more  to  the  «— that  the  diurnal  appearances  of  ,the 
East ;  and  which,  therefore,  at  the  former  heavens  may  be  explamed  on  the  sup- 
ol)servation,  were  to  the  East  of  the  position  that  the  heavens  are  at  rest» 
then  intersection.  Again,  if  the  motion  and  that  the  earth  moves  from  West  to 
of  this  plane  be  uniform,  its  approach  East  in  twenty-four  sidereal  hours,  round 
to  these  stars  will  be  uniform  also ;  and  an  axis  coinciding  with  the  line  drawn 
as  the  angle  between  two  great  circles  from  the  centre  of  the  earth  to  the  poles 
of  a  sphere  is  the  same  as  the  angle  of  the  heavens.  We  have  already  seen 
made  by  their  planes  at  their  inter-  that  the  peculiar  motions  of  the  sun, 
section;  if  we  suppose  the  plane  to  moon,  and  planets  are  consistent  with 
move  from  West  to  East  at  a  certain  the  supposition,  that  the  sun  also  is  at 
rate,  as  15°  an  hour,  its  intersection  with  rest,  and  that  the  earth  moves  round 
the  heavens  will  coincide  from  time  to  him. 

time  with  meridians  distant  by  corre-  If  the  earth  has  such  a  motion  as  that 

spending  arcs;  or  distant  by  15°  for  now  ascribed  to  it,  the  circle,  the  plane 

each  hour  of  the  motion.    If,  therefore,  of  which  passes  through   its   centre, 

we  suppose  the  earth  to  revolve  uni-  and  is  per|)endicular  to  its  axis,  will  be 

formly  round  its  axis  in  twenty-four  its  equator,  according  to  the  use  pre- 

sidereal  hours,  the  intersection  of  any  viously  made  of  this  term.    We  will, 

such  plane  will,  in  the  course  of  these  therefore,  use  this  term  for  speaking  of 

twenty-fours,  have  coincided  with  every  that  circle,  although  without  at  present 

meridian ;  and  the  motion  having  been  affirming  the  actual  existence  of  such  a 

uniform,  the  time  elapsed  in  passing  motion  of  rotation,  and  therefore  only 

from  one  meridian  to  another  will  be  considering  the  axis  as  that  diameter 

in  the  proportion  of  the  angular  dis-  which,  when  produced,  passes  through 

tances  between  these  meridians,  or  of  the  \iQ\t%  of  the  heavens, 
the  differences  of  right  ascension,  and 
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Skction  m.-^-Obfeetions  to  the  mp-  that  we  are  ourselves  in  motion ;  and 

potiiion  of  the  Earth"*  motion  re*  this  consciouaneu  is  produced  in  several 

moved,  distinct  ways ;  by  ourselves  performing 

some  functions  which  produce  it,  as 
The  circumferenoe  of  a  great  otrele  of  walking  or  running ;  by  being  carried 
the  earth,  considering  that  body  as  sphe*  by  some  body  or  machine,  of  which  we 
rical,  is  about  25,000  miles.  If,  there-  either  see  the  action  which  produoes 
fore,  the  earth  revolves  on  an  axis  in  the  motion,  as  in  riding  on  horseback, 
84  sidereal  hours,  a  point  at  the  equator  or  being  drawn  in  a  carriage,  or  else 
will  be  transferred  through  25,000  miles  know  from  other  sources  that  the  mo« 
In  that  time,  or  it  will  move  at  the  rate  tion  must  be  in  ourselves,  as  in  sailing 
of  more  than  1000  miles  in  an  hour,  or  in  a  vessel  in  a  high  wind;  by  the  in- 
about  17}  miles  in  a  minute.  The  rate  equalities  of  the  motion,  even  when  we 
of  motion  of  .points  situated  elsewhere  do  not  observe  the  manner  in  which  it 
will  fall  short  of  this,  in  the  proportion  is  performed,  as  in  driving  in  a  carriage 
of  the  respective  magnitudes  of  the  oir^  over  a  rough  road,  or  in  sailing  on  a 
cles  which  they  describe.  troubled  sea ;  by  the  sensation  of  pass- 
Again,  supposing  the  orbit  of  the  ing  rapidly  through  the  air,  when  we  see 
earth  to  be  circular,  and  its  radius  the  leaves  and  every  light  body  at  rest, 
93,726,900  miles,  (which  is  about  the  and  therefore  know  that  the  sensation 
mean  distance,  and  the  excentrioity  of  we  perceive  cannot  arise  from  wind 
the  orbit  will  make  very  little  difference  blowing  upon  ourselves  at  rest.  There 
in  the  result,)  the  length  of  the  orbit  seems  to  be  no  evidence  of  actual  mo- 
will  be  588,902,993  miles,  which  being  tion  which  may  not  be  referred  to  one  of 
described  in  a  year,  will  make  the  ave-  these  classes.  The  last  cannot  possibljr 
rage  velocity  of  the  earth  in  its  orbit  apply  to  the  motion  of  the  earth,  if  we 
nearly  19  miles  in  a  second.  suppose  the  atmosphere  to  partake 
Of  these  motions,  if  they  exist,  we  equally  of  that  motion ;  for  then  the 
are  altogether  unconscious ;  and  it  is  a  motions  being  equal,  an  observer  and 
very  plausible  objection  to  the  suppo-  the  air  about  him  would  continue  in  the 
sition  of  the  'earth*s  possessing  them  same  relative  position,  or  be  relatively 
that  we  are  so.  They  are  motions  far  at  rest ;  just  as  a  traveller  moving  in 
more  rapid,  especially  that  of  the  earth  the  same  direction  and  at  the  same  rate 
in  its  orbit,  than  any  which  are  the  sub-  as  the  wind,  or  shut  up  in  a  dose 
jects  of  our  common  observations ;  and  carriage,  and  thus  taking  his  atmosphere 
knowing  by  experience  the  violent  effects  along  with  him,  is  unconscious  that  the 
of  all  rapid  motions  observed  round  the  air  is  not  perfectly  calm.  It  is  obvious, 
earth,  it  is  difficult  to  conceive  that  such  also,  that  we  cannot  disprove  the  earth's 
motions  as  these,  in  which  we  ourselves  motion,  from  our  inability  to  observe  or 
partake,  can  possibly  elude  our  observe-  explain  the  exact  manner  of  its  pro- 
tion.  duction ;  for  although  such  actual  ob- 
To  discover  whether  there  is  really  servation  or  discovery  would  prove  its 
any  improbability  in  this  supposition,  it  existence,  the  want  of  it  can  never  dis- 
is  necessary  to  consider  in  what  manner  prove  it.  If,  however,  a  certain  in- 
it  is  that  we  become  aware  of  the  exist-  equality  or  roughness  is  incident  to  all 
ence  of  any  motion  which  we  perceive  motion  which  we  know,  so  as  to  make 
in  ourselves;  and  the  effects  by  which  us  conscious  of  its  existence,  the  ab^ 
we  perceive  it  seem  to  be  referable  to  sence  of  this  consciousness  would  be  a 
two  classes  ;  change  in  the  relative  po-  strong  argument  against  it ;  and  the  ex- 
sitions  of  objects,  and  the  actual  feeling  istence  of  such  an  argument  seems  to 
of  motion.  depend  on  that  question  of  fact. 

We  have  already  seen  that  the  change  The  answer  to  ,this  question  is,  that 

in  the  relative  positions  of  objects  may  we  are,  in  fact,  often  unconscious  of  the 

be  the  same  on  the  supposition  of  the  existence  of  motions  which  we  ourselves 

motion  of  the  earth,  as  on  that  of  the  perform,  and  that,  while  we  continue  so, 

motion  of  the  sun  and  heavens.    In  we  do  in  fact  attribi|te  the  observed 

other  words,  the  change  in  the  relative  change  in  the  relative  positions  of  ob- 

position  of  objects  only  proves  the  ex*  jects  to  a  motion  in  them,  and  not  in 

istence  of  motion  somewhere :  it  does  ourselves.    We  can  only  instance  mo- 

not  at  all  show  which  is  the  moving  tions  which  we  are  capable  of  positively 

body.  detecting ;  but  even  in  these,  attention 

We  are,  however,  often  fully  conscious  to  our  own^  motion  continually  ceases. 
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Thus,  while  on  a  rough  road  or  tea,  the  eludes  our  observation,  and  that  the  ap- 

motion  of  a  carriage  or  vessel  continu-  pearance  is  of  motion  in  the  objects  at 

ally  reminds  us  of  its  existence,  on  a  which  we  look.    It  is  easy  to  vary  our 

smooth  one  we  often  forget  it;    and  experiments,  always  with  similar  results ; 

whenever  we  do,  the  objects  which^we  and  we  conclude  that  we  are  insensible 

are  passing  appear  in  motion  in  the  op-  of  motion,  unless  made  aware  of  it  by 

posite  direction  to  our  own.    This  ob-  mechanical  obstructions  or  personal  ex« 

servation  is  within  the  experience  of  ertion. 

almost  every  one  ;  and  it  furnishes  by  Now  it  is  obvious  that  when  the  ques- 

itself  complete  proof  of  the  possibility  of  tion  is  whether  the  earth  and  all  that  is 

being   unconscious  even  of  a  motion  upon  it  move,  no  evidence  can  be  de* 

which,  when  our  attention  is  called  to  it,  rived  from  personal  exertion ;  and  no 

we  can  easily  discover.     Perhaps  a  still  mechanical  obstructions  can  be  shown 

more  remarkable  illustration  is  afforded  to  exist.    There  is,  therefore,  no  reason 

by  an  experiment  which  every  one  can  why  we  should  not  suppose  its  motioUi 

easilv  try.    If  there  is  any  motion  of  if  there  be  any,  to  be  perfectly  smooth 

which  it  would  appear  difficult  to  be  un*  and  uninterrupted ;  and  if  so,  experience 

conscious,  it  would  be  one  performed  by  leads  us  to  believe  that  we  should  be  un* 

our  own  active  exertions,  as  that  of  conscious  of  this  motion,  because  the 

walking ;  and,  consequently,  no  one  as  more  nearly  we  can  approach  experi- 

he  walks  along  attributes  the  general  mentally  to  such  a  motion,  the  more 

changes  in  the  positions  of  objects  to  difficult  do  we  find  it  to  perceive  the  ex- 

anything  but  his  own  motion.    If,  how-  istence  of  any,  and  the  more  apt  are  we 

ever,  a  man  walks  close  along  the  side  to  attribute  the  effects  of  our  own  mo- 

of  a  wall  or  railing,  nearly  of  his  own  tion  to  the  existence  of  motion  in  other 

height,  so  that  the  outline  of  it  may  be  objects. 

about  on  a  level  with  his  eye  and  near  It  was,  indeed,  once  imagined  that  the 
it,  he  will  see  it  continually  dancing  up  consequence  of  supposing  the  earth  to 
and  down  as  he  moves,  and  he  will  find  move  would  be  to  show  that  bodies  near 
the  iensatton  produced  to  be  that  of  a  it  would  continually  have  motions  with 
vertical  motion  in  the  wall  or  railing  respect  to  it  materially  different  from 
itself.  Reflection,  indeed,  will  at  once  those  which  would  exist  on  the  supposi- 
teach  him  that  this  cannot  be  so ;  and  a  tion  of  its  being  at  rest ;  for  instance, 
little  consideration  will  inform  him  that,  that  if  a  body  were  let  fall  from  the  top 
as  at  every  step  he  rises  on  the  ball  of  his  of  a  to^er,  it  would  fall  in  a  line  joining 
foot,  and  sinks  again  as  he  sets  his  foot  its  place  with  the  earth's  centre  at  that 
down,  the  eye  is  at  different  elevations  at  instant,  and  continue  to  move  in  this  line ; 
different  periods,  and  consequently  the  that  the  bottom  of  the  tower,  however, 
relative  elevation  of  the  outline  different,  a  point  on  the  earth,  would,  by  virtue  of 
The  experiment  may  best  be  tried  with  the  earth's  motion,  move  away  from  that 
a  wall  or  paling  of  the  height  mentioned,  line;  and  consequently  that,  when  the 
because  from  its  nearness  to  the  eye  the  body  had  fallen  through  the  given 
variations  of  the  relative  elevation  are  height,  the  base  of  the  tower  would  be 
greater,  and  therefore  more  stiriking  than  found  to  be  far  from  the  line  along  which 
in  any  other  case ;  and  a  darkish  night  the  body  fell ;  while,  in  fact,  it  was  found 
is»  perhaps,  best  suited  for  the  trial,  be-  to  coincide  with  ;it.  The  fallacy  of  this 
cause  then  we  perceive  the  outline  dis-  reasoning,  however,  is  obvious,  although 
tinctly,  and  yet  are  not  diverted  by  the  it  was  long  and  much  relied  on  as  an 
presence  of  other  observable  objects,  objection  to  the  theory  of  the  earth's 
The  natural  observation  to  be  made  is  motion.  If  the  body  were  at  rest  rela- 
this.  Our  progress  forward  is  laborious  tively  to  the  earth  before  it  began 
in  itself;  we  are,  therefore,  fully  con-  to  fall,  in  which  case  only  we  find 
scious  of  its  existence,  and  we  habitu-  it  fall  at  the  bottom  of  the  tower,  it 
ally  consider  that,  in  leaving  objects  be-  would  only  be  so  by  having  itself  the 
hind  us,  we  pass  them,  and  not  they  us.  motion  of  the  earth.  Its  actual  motion. 
But  the  vertical  motion  is  only  inciden-  therefore,  when  it  fell,  would  be  com- 
tal  to  this ;  it  therefore  escapes  our  no-  pounded  of  this  motion  and  its  motion 
tice  entirely  till  our  attention  is  called  to  of  falling,  and  would  be  a  curve  in  con- 
it  by  some  foreign  circumstance ;  and  sequence ;  but  the  motion  of  falling  is 
while  it  does  so,  we  find  that  a  motion  the  only  one  which  produces  change  of 
which  we  absolutely  perform  by  the  situation  relatively  to  the  earth,  and  this 
muscular  action  of  our  own  bodies,  only  therefore  could  we  observe.    The 
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combination  of  the  two,  however,  pre-  inappreciable  on  account  of  their  mag- 
vents  the  earth  from  leaving  the  body  nitude.  Many  of  these  bodies,  again, 
behind,  and  it  falls,  therefore,  at  the  are  of  magnitude  very  far  surpassing  the 
foot  of  the  tower ;  just  as  a  ball  let  fall  earth ;  and  all  these  bodies,  so  vast  and  so 
from  the  top  of  the  mast  of  a  ship  in  immeasurably  distant,  are  to  be  supposed 
motion  shares  in  the  motion  of  the  ship,  to  revolve  round  a  comparatively  small 
and  falls  at  the  foot  of  the  mast  exactly  body,  with  which  they  do  not  appear  to 
as  it  would  have  done  had  the  ship  been  have  any  other  assignable  connexion 
at  rest.  whatever.    The  force  of  the  argument 

These  are  the  objections  which  have  will,  perhaps,  appear  more  strongly  by 
been  urged  against  the  supposition  of  an  instance.  The  sun  is  nearly  24,000 
the  earth*s  motion ;  and  we  conclude  times  more  distant  from  the  axis  of  the 
that  there  is  no  reason  to  disbeheve  it,  earth  than  a  point  on  its  equator  is :  the 
either  on  the  ground  that  we  are  uncon-  daily  circle,  therefore,  that  it  would  de- 
scious  of  that  motion,  or  that  the  o^^^rv-  scribe,  when  in  the  equinoctial,  would 
able  motions  of  bodies  on  the  earth's  be  24,000  times  greater  than  that  de- 
surface  and  near  it  are  the  same  that  scribed  by  such  a  point.  Its  magnitude, 
they  would  be  on  the  supposition  that  also,  is  about  1 ,33 1 ,000  times  greater 
the  earth  is  at  rest  This  supposition,  than  that  o/  the  earth ;  if,  therefore,  we 
then,  is  an  admissible  one;  for  the  ap-  were  to  suppose  all  the  earth  to  revolve 
pearances  of  the  heavens  may  be  ex-  at  the  same  rate  as  a  point  on  its  sur- 
plained  by  it,  and  there  is  no  evidence  face,  yet  the  whole  motion  of  the  sun, 
whatever  to  contradict  it.  if  it  moves,  would  be  greater  than  that 

The  next  stage  of  the  inquiry,  there-  of  the  earth,    if   it    revolves,  in  the 

fore,  as  this  supposition  and  that  of  the  proportion    of    24,000x133,100,    or 

motion  of  the   sun  and    sphere   are  3,194,400,000,  to   1.    The  motion  of  a 

equally  admissible,  is  which  of  the  two  point  in  the  equator  is  greater  than  that 

has  the  stronger  arguments  in  its  fa-  of  any  other  m  the  earth,  and  conse- 

vour.  qiiently  the  whole  motion  of  the  earth  is 

much  less  than  here  represented:  on 

SECTION  \V. -Probability  of  the  JJ**  °**'*'  ^^f'  ^^%  *"" Vf^'V  H "^^ 

Earth*  Motion.  ^ably  very  far  inferior  to  that  of    he 

earth,  and  the  actual  proportion  of  the 

Thb  first  argument  in  favour  of  the  motions  on  the  two  suppositions  is  not 

earth*s  motion  is  derived  from  the  much  very  far  from  the  truth.    Monstrous, 

greater  simplicity  of  such  a  supposition,  however,  as  the  notion  of  so  enormous 

and  the  less  amount  of  motion  thus  in-  a  motion  seems,  it  is  but  a  small  part 

troduced  into  the  system.  of  the  difficulty  involved  in  the  supposi- 

In  explaining  this  argument,  we  will  tion  of  the  diurnal  revolution  of  all  the 

begin  with  the  diurnal  motions.    We  heavenly  bodies  round  the  earth;  for 

have  seen  that  these  may  all  be  explained  the  sun  is  only  one,  and  one-of  the  very 

by  supposing  the  earth  to  revolve  round  nearest  of  their  number.    Nature,  how- 

an  axis  in  twenty-four  sidereal  hours,  ever,  as  far  as  we  can  observe  her,  works 

The  motion  in  this  case  is  of  one  body,  always  frugally,  and  employs  no  more 

and  its  extreme  velocity  about  25,000  exertion  than  is  necessaty ;    and  the 

miles  in  this  period.    If,  on  the  other  mind  at  once  recognizes  the  superior 

hand,  the  earth  is  at  rest,  all  the  bodies  probability  of  the  comparatively  trivial 

visible  in  the  heavens  must  have  a  mo-  motions  supposed  in  the  earth,  over  the 

tion  of  revolution  in  twenty-four  hours ;  inconceivably  great  and  rapid  motions 

and  the  circles  of  their  revolution  will  which  must  otherwise  be  supposed  to 

exceed  that  of  a  point  on  the  earth's  exist  in  all  the  heavenly  bodies, 

surface  in  the  proportion  of  their  radii.  The-  same    argument   applies,  and 

or  of  the  distances  of  the  bodies  from  really  with  equal  force,  though  the  dis- 

the  earth's  axis.    Instead,  therefore,  of  proportion  between  the  motions  intro- 

the  motion  of  one  body,  we  have  to  sup-  duced  on  the  two  suppositions  is  not 

pose  that  of  an  incalculable  number,  quite  so  overwhelming  in  support  of  the 

scattered  at  all  distances  from  the  moon  theory,  to  the  supposition  that  the  earth 

at  sixty  times  the  earth's  radius  to  the  moves  round  the  sun.    If  only  the  earth 

sun  at  nearly  24,000  times  the  same  and  sun  were  in  existence,  the  whole 

quantity,  to  the  remoter  planets  at  yet  motion  thus  introduced  would  be  less 

greater  and  varying  distances,  and  to  than  that  'involved  in  the  supposition  of 

the  fixed  stars  at  distances  altogether  the  sun's  motion  in  the  proportion  of  their 
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to  prefer  the   former    hypothesis.     But.  •  There  .re  .ome  rery  curlou.  ln.unce.  of  thi. 

besides  this,  if  the  sun  moves  round  the  J!  ***";'*?  ^  g^neraUie  connected  with  the  his. 

t^t^'  '^  accompanied  by  ten  pJane..,  ».V/4T"h7^r;™.'5trm'^V^£*.n''.:: 

and  seventeen  satellites  attending  them,  ?'"•'•  »'>'«''  ^  ob«rT.d.  and  boidiy  «nnoan«d 

all  partaking  in  his  motion,  and  conse-  £!Ji„lL£L"^.'^K""'  ''°» ''•  *"  ""'"•  •» 

quently  moving  round  th^  earth  also.  J"».r«V''%..''^^:^'at?N';:! 

Sotne  of  these  tX)dies,  although  very  in-  fS°'    pe  confinnatlon  which  his  reseu-chee  eare 

ferior  to  the  sun.  are  themseTves  ofW  SJ^reXyt^-irryt^^^^^^^ 

majfnitude.  The  earth,  on  the  contrary,  •;**  *7°  exploded,  like  many  other  suppoeiUone 

is  attended  only  by  one  satellite,  the  whinh  iL  «    '"*' *f°?^*J  ^****  *"««°*»"«  »"*>>w. 

moon     Her  moWs.  indeJd.  ll^  to  bl  S?\'.''.S^«:ir:5.Z;'hrw'i"H7ht ',? 

added   to   those  of   the    earth:  but  the  ]^">n»' »»•  •^wi  on  thesune  principle  which  we 

additional,  motion  thus   intrciluced  is  p..rr'rir.'a?te(.;fjr.?rj^ 

▼ery  mfenor  to  that  introduced  by  the  *™t*nce«.                               °""*° '°  '  '"^ 

motion  ascribed  even  to  oneof  the  larger  n^a^m\VZVt  ^^^^^^  r»«~  of  the  same 

plariets    and  vastly  less,  indeed,  th'^  p^  b^T^^H^:-^^  Z^iS"^ 

that   of  all  the  bodies  implicated  in  the  «7ku"     S  n»Jor  axe«  of  the  different  planetary 

?hr.tr.K°'  '^  sun-/motion  ;  and  -^iJirS  J?r«SS„^%^S?.'?ai':.iJ; 

thus,  also,  the  superior  simplicity  of  the  »««rly  «pr«.ed  their  r«litlra  dtotancM.  Ukinc 

supp^ition  of  the  earth-,  motion   is  %VrX"«.S.«:-    .                 _  4 

evinced.  Venus's        „           -.        i-f^-o  =  7 

In  all  our  other  observations  of  the  £"*V"         ••          =        4-f3-8  =  10 

?ormf."^?  bodies,  the  smaller  seems  uni-  ySLT juno.  c3;re.  and  F^UnnMltz  il 

formly  to  attend  and  depend  on  the  Jupiter's       „           -        413.24=  m 

larger:    the  moon  on  the  earth,  the  urwuJi       "           Z        ll?S=*iSJ 

satellites  on  their  respective  planets,  the  ^  it  win  be  found,  on  inspeTtion.  th^  the-rnuL- 

planets  on  the  sun.    If  the  earth  is  a  f*M  T*^  fo'o"*'',  <^?""Pond  with  those  in  the 

planet,  and  moves  round  the  sun,  her  p«7n  if."  fcJIJVcMTiTSSr'i^^^^^^^^^^ 

motions  are  an  instance  of  this  Observa-  'ormed  before  the   discovery  of  the   telebcopic 

tion:    if  the  contrary    supposition    is  C?^'»°**  **»•"*>•  ^<>w  thus  occttrrinp  in  the  serie. 

->j      »  J   4i_        ^Y.  ""'/v      *^*     .  **•"*'•«*  •ome  persons  to  conjecture  the  exlst#nc» 

adopted,  the  motion  of  the  sun  is  an  ex-  of  a  planet  between  M.r.  and  Juptter  jSS  ibout 

Ception  to  it.  *^«  dlsUnce  at  which  the  teleecopic  planets  were 

This  introdiieeq  thi»  mmf ion  nf  urhaf  ?h^^*iu."  ^^^f^'v*'"*-    A  similar  conjecture,  if 

«/«    L  V          u        ^"®.  ™®""^n  of  what  the  earth»s  p  anetory  character   were  unknown. 

may,  perhaps,  be  considered  almost  as  a  ^°5'1  ***  »  P'^^e*  »*  the  distance  actually  occul 

general  law  of  the  human  mind;  the  Sf  ,in1uJStVt^thiJ".?.»*^J^'*'l•^*'*'^"Tl^^^^ 

readiness  to  believe  in  uniformity.  When-  tt'forif  o?  lVa^i?„1'^ti*n;  onVlSi^i 

ever  we  observe  a  series  of  things  agree-  '«^j[y*"*®n  *•  «!»»•  empirical  law,  cannot  be  very 

ing  with  each  other  in   all  the  circum-  ''Si;  Uw  itself  has  lately  received  a  remarkable 

Stances  presented  to  our  notice,  we  feel  •Jtenslon  ftrom  Mr.  ChalUs.    This  gentleman  has 

incUnedtoconjecturethattheywinapree.  J'!7i"/.?«'rptrJ5f'SS?t.,''j:?ri  Si" dlil: 

also,  in  other  circumstances  ;   and  when-  tances  of  the  planeu  from  the  sun.  but  between 

ever  we  find  that  a  fact,  of  the  nature  of  ***f  ^J^'t^ncwof  the  satellites  from  their  respective 

which  we  are  ipiorant,  can  he  reduced  JiKi.  T«".c\Cd..rc.:VfVr.?u.:i' 

to  some  class  of  facts  with  which  we  are  ™^y  t>e  expressed  without  considerable  error  by 

^ell  acquainted,  we  are  impelled  to  refer  "»  ';"'»^'«  '"'S,^,^, ,.,_       ^  ,.,_ 

it  to  that  class,  and  consider  it  to  be  oc-  I  'a    '      *          =7      •      .6-91 

casioned  in  the  same  manner.    These  7+4 x si            *    zW            '  1754 

conclusions  are  often  drawn  too  hastity,  7+4x(»i)a  !      '.    =33      *      !  30-86 

but   the  number  of  such  errors  which  Again,  for  the  system  of  Uranus,  we  have  :— 

have  been  committed,  only  shows  the  ,283   .      .  ^'"^''^I'Ss'':    "^^  mT* 

more    strongly  the  propensity  of  the  ia8«H-437   .      .    =  i7so   .      .    1720 

human  mind  thus  to  generalize  and  to  !^tt?i'**  •  '    ~i!?J   *      '    i?2? 

abstract.    This  is  not  the  statement  of  l^,*^::^!!-    z'^,'      '   J£? 

the  mere  rule,  that  like  causes  produce  ifflsl437xrl\T      =8-49   '          9101 

like  effects ;  it  is  rather  the  principle  on  (^h^  dutancei  Vf  the  fourth,  flith.  and  seventh. 

which    all    our   notions    of   cause     and  have  not  been  observed.) 

effect  depend;  for  the  very  belief  that,  „Vl^  "y*""  <>'  8»*"™«  ^?rW*  "?"*.p1S?J 

»!%»««  ^««   ^  .-L*  •..  r        J         -r        1-4  llarity}  the  first,  second,  th  rd,  fourth,  and  ftfth 

when  one  event  is  found  uniformly  to  ..uIIUm  are  ranged  according  t6  one  seties,  tb« 

*4 
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If,  however,  it  be  ftn  argument  in  earth  is  a  body  of  a  different  nature  from 

favour  of  any  explanation  of  a  fact,  that  the  planets  * 
it  reduces  it  into  a  class  of  known  phe- 
nomena, the  supposition  of  the  earth's 

motion  round  the  sun  is  mo^t  strongly  Chapter  VL 

recommended  to  our  belief.    The  motion 

of  the  sun  round  the  earth,  if  it  exists,  is  On  Aberration. 

a  fact  unlike  any  other  with  which  we 

are  acquainted.  It  is,  indeed,  an  elliptic  Trb  arguments  already  adduced  are 
motion  round  the  earth,  as  is,  also,  that  probably  abundantly  sufficient  to  induce 
of  the  moon ;  but  there  is  not  the  pro-  the  reader  to  adopt  the  supposition  of 
portion  between  their  periodic  tipes  the  earth*s  motion.  If,  however,  Iha 
which  we  find  to  subsist  in  all  other  earth  moves,  its  situations  at  different 
fystems  of  bodies  revolving  round  the  periods  of  the  year  are  very  distant  from 
same  principal ;  and  it  is  a  motion  of  the  each  other;  and  we  might  therefore 
larger  round  the  smaller  body,  of  which  expect  to  find  the  apparent  situations  of 
we  find  no  other  instance.  In  spite,  the  bodies  we  observe,  different  in  con- 
therefore,  of  some  circumstances  of  re-  sequence.  Those  of  the  planets  are  to^ 
semblance,  it  would  have  to  be  consi*  for  the  efifeets  of  this  variation  of  situa- 
dered  as  a  motion  quite  distinct  from  all  tion  are  included  in  the  account  already 
others^  and  governed  by  different  laws,  given  of  their  apparent  motions.  Biu 
The  earth,  on  the  other  hand,  if  we  sup-  we  mi^ht  expect  to  find  also  a  percep- 
pose  it  to  move  round  the  sun,  is  at  once  tible  difference  in  the  situation  of  the 
included  in  a  class  ofobjects,  the  planets,  fixed  stars,  which,  although  too  distant 
whose  motions  are  well  known ;  and  its  to  be  affected  by  parallax,  considered 
motions  are  found  to  correspond  in  every  as  the  variation  produced  by  the  dis- 
particular  with  those  of  the  other  planets,  f  ance  of  places  on  the  earth*s  surface 
The  proportion  of  the  distance  to  the  from  its  centre,  might  well  be  so  by  this 
perioaic  time  is  the  same  ;  the  shape  of  far  greater  change  of  position ;  and  any 
the  orbit  the  same ;  the  direction  of  the  such  effect,  if  produced,  would  be  of  the 
motion,  whether  of  rotation  or  in  the  same  nature,  and  would  therefore  be 
orbit,  is  the  same ;  the  existence  of  a  accurately  described  as  parallax ;  an4 
motion  of  rotation  in  the  earth  itself,  going  through  all  its  changes  in  the 
and  also  in  a  satellite  revolving  round  course  of  a  year,  it  may  properly  re- 
the  earth,  and  the  direction  and  duration  oeive  the  name  of  annual  parailax»  In 
of  the  satellite's  rotation,  all  correspond  fact,  however,  none  such  can  be  detected, 
to  exactly  similar  phenomena  observed  at  least  with  any  certainty,  in  any  of  the 
in  other  bodies  of  the  solar  system,  and  fixed  stars.  Astronomers  have  been 
furnish  arguments  in  support  of  the  sup-  much  divided  in  opinion  on  this  quea- 
position  that  the  earth  is  really  one  of  tion ;  but  the  amount  of  this  parallax, 
the  same  class.  The  conclusion  is  irre-  if  any  such  is  observable,  is  at  least 
sistible,  that  the  supposition  is  true ;  for  ascertained  to  be  exceedingly  small, 
how  great  is  the  improbability  that  all  This,  however,  furnishes  no  reason  for 
these  coincidences  should  happen  by  disbelieving  the  existence  of  the  earth's 
accident  only,  which  they  must  do,  if  the  motion.    It  may  be  accounted  for,  as 

.  in  p.  60,  by  supposing  the  distance  of 

^  .  -^.     ,  ..       ,         ..  .,     ,  the  stars  to  be  indefinitely  great,  in  com- 

Snt,  nftb,  tiztb,  and  teTcntb,  according  to  ano-  -au   au      j-         a  r  ^i 

thcr :—  »     •  "  panson  even  with  the  diameter  of  the 

Empiric^  dutonoe.     Tni«  dijtaBc.  earth's  orbit ;  and  our  conclusions  in 

83     *      \     =  418    !      \     430  this  case,  with  respect  to  the  distance  of 


836 
838+^x8 


=  336  . 

.   835 

=  418  . 

.   430 

=  500  . 

.   5^ 

=  664  . 

,   682 

=  »d8  . 

.   958 

=  2304  . 

.  2208 

=  6^40  . 

.  6436 

^lft?v^?}s     •      Z:  SSJ    •        •      S2  •  In  these  T«a«oning«  we  have  tpemted  the  III9- 

^122    >S;    Q       ^o?S    *        •     o?^2  tlop  of  rotation  of  the  farthaa  already  ettablUhed, 

oiSlToi^  W»^  o«     ""t^4A    *        *    fifS  and  have  used  it  a«  one  of  the  circumstancea  of 

^rT^"*"!.^^^^?.       1."         .!j   »•     ^^.v  correepondence  to  prove  the  planetary  nature  of 

With  the  exception  here  noticed,  it  may  then  the  earth.    If.  on  the  other  hand,  we  consider  It 

he  affirmed,  that  the  planeta  and  satclhtee  arrange  ^  ^g  guffidently  established  without  resorting  to 

themselves  about  their  primaries  at  mean   dis-  this  argument,  that  the  earth  is  a  planet,  its  mo- 

tances.  which  observe    approximately  this  pro-  tion  of  rotation  would  itself  be  confirmed  by  the 

gression.  a,  0+6,  a-f-rJ  a-f-r«  A    &c.    Tlie  value  analogy  of  the  other  planeu  which  have  corre- 

2^ox  Vr*'*w"***^***^i*Tl**v. ****.?"*?  J*  ^*'  •Pond»ng  motions.    This  argument,  indeed,  may 

S,  8«,  3,  &c.    We  may  add.  that  this  raUo  of  J  to  a  have  some  weight,  without  Introducing  the  quea. 

is  generally  expreMed  by  very  simple  numbers  i  Oon  of  the  earth's  planetary  character,  as  all  the 

thus,  for  the  planets  it  is  J  nearly;  for  the  system  bodies,  whose  magnitude   and  nearness  give  n« 

of  Jupiter  I ,  for  that  of  Saturn,  ki  of  Uranus,  A,  the  means  of  asceitaining  their  motions,  haye  • 

BMrly.  VldiUumokiOik 
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the  filed  ttara,  wiD  have  to  be  increased  oblique  lines  BA,ba,  in  fig.  38,  repre- 
in  proportion  to  the  increase  of  the  pos-  sent  the  course  of  drops  of  rain  falling 
•ible  distance  between  the  two  places  of  towards  the  ground.  If  an  obserrer  be 
observation.  Thus  we  find  that  the  placed  at  A,  and  continue  at  rest  there, 
fixed  stars,  supposed  to  have  an  hori-  he  might  point  a  tube,  represented  by 
tontal  parallax  of  e*''36,  must  be  at  the  the  double  lines  A  C,  in  the  direction 
distance  of  572957*8  times  the  earth^s  A  B,  and  the  drop  would  descend  nlong 
radius,  or  more  than  2,000,000,000  of  the  axis  of  the  tube,  which  would  co- 
miles.  Now  this  distance,  if  the  annual  incide  with  and  represent  the  direction 
{laraQax  be  confined  within  the  same  in  which  the  drop  fell.  But  if,  instead 
imit,  must  be  increased  in  the  proper-  of  continuins:  at  rest,  he  were  to  move 
tion  of  the  radius  of  the  earth*  s  orbit  forward  in  the  direction  AE,  carrying 
to  the  earth*s  radius,  or  in  the  proportion  the  tube  parallel  itself,  the  drop  would 
47968 : 1.  But  as  some  astronomers  no  longer  descend  along  the  axis,  but 
admit  a  small  perceptible  annual  paral-  the  back  of  the  tube,  being  carried  for- 
lax  of  1''  or  2'^  we  find  by  the  principles  ward  into  and  through  the  position  for- 
just  laid  down  (taking  the  parallax  at  merly  occupied  by  the  axis,  would  come 
2^')  for  their  distance  499,702,352  times  in  contact  with  the  drop,  and  either  stop 
the  earth*s  radius,  which  quantity  again  it,  or  change  its  course.  If,  however, 
has  to  be  multiplied  by  3962  to  turn  it  we  suppose  AD  to  be  another  position 
into  miles. ,  Such  a  distance  surpasses  of  the  same  tube,  it  is  obvious  that  it 
all  our  powers  of  imagination ;  but  we  may  be  so  taken,  that  the  drop  which 
have  no  reason  whatever  for  disbelieving  falls  along  the  line  6  a  shall  be  at  Da 
that  the  fixed  stars  are  really  so  far  off,  point  in  the  axis  of  that  tube,  when  the 
though  the  belief  is  eminently  calculated  observer  is  at  A ;  and  we  may  further 
to  excite  wonder  at  the  vast  extent  thus  suppose  the  drop  to  have  attained  its 
attributed  to  the  visible  creation.  terminal  velocity,  and  its  motion  in  con- 

The  question,  however,  whether  any  sequence  to  be  uniform,  and  that  the 
sensible  annual  parallax  exists,  is  one  observer  also  moves  uniformly  from  A 
which  would  naturally  excite  much  to  (t,  while  the  drop  falls  from  D  to  a. 
curiosit]^ ;  and  many  observations  have  If,  therefore,  he  continues  to  keep  his 
been  made  for  the  purpose  of  deter-  tube  parallel  to  itself,  its  situation  will 
mining  it.  In  the  course  of  these  a  be  a  a,  and  the  drop,  arriving  at  a,  will 
very  remarkable  phenomenon  was  dis-  still  be  at  a  point  in  the  axis' of  the  tube. 
covered  by  Dr.  Bradley,  which  he  named  In  the  same  manner,  the  motions  of  the 
the  aberration.  We  have  hitherto  de-  drop  and  the  observer  being  supposed 
ferred  the  explanation  of  its  nature ;  we  uniform,  and  the  tube  always  parallel 
shall  now  be  able  fully  to  elucidate  it,  to  itself,  the  position  of  the  drop  at  each 
and  to  draw  from  it  a  very  strong  proof  instant  will  be  a  point  in  the  axis  of  the 
that  the  earth  really  does  move.  For  tube  in  its  corresponding  position ;  and 
this  purpose,  however,  it  will  be  conve-  the  drop  will,  therefore,  when  it  arrives 
nient,  before  we  give  any  account  of  the  at  a,  have  descended  along  the  ipcis  of 
phenomenon  observed,  to  enter  into  some  the  tube,  which  will  then  be  in  the  posi- 
preliminary  investigations.  tion  a  d.    It  will,  therefore,  seem  to 

come  in  the  direction  d  a  instead  of  6  a ; 
Fig,  38.  and  it  is  obvious,  from  inspection  of  the 

figure,  and  consideration  of  the  mode  in 
B  which  the  motions  take  place,  that  the 
angle  i/  a  E,  made  by  the  apparent  di- 
rection of  the  drop's  motion  with  the 
direction  in  which  the  spectator  moves, 
must  be  less  than  6  a  £,  or  B  A  £,  the 
angle  made  with  the  same  line  by  the 
i-eal  direction  of  the  drop*s  motion. 

Now,  this  is  exactly  what  an  astro- 
nomer does  in  observing  the  heavenly 
bodies.  Of  course,  the  apparent  direc- 
tion in  which  he  sees  them  is  the  same, 
whether  we  introduce  the  supposition  of 
pointing  a  tube  towards  them,  or  not : 
that  supposition  only  facilitates  explani^ 
Let  ua   suppose  that  the   parallel   tion.    But,  infactybedoesso:  he  points 

hi 
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a  telescope  to  receive  a  ray  of  li^^^  case  of  the  fraction  I^Ii^L?^??!!?!^    i, 

the  heavenly  body,  just  as  we  have  sup-  ^                "awtiw        ^^^  ^^  ^^^^        is 

posed  him  to  point  a  tube  to  receive  the  the  sine  of  a  very  appreciable'  anjrle. 
drop  of  rain:  and  it  is  necessary,  in  The  sine  of  a  very  small  arc  may  be  con- 
order  that  a  correct  image  may  be  gidered  as  equal  to  the  arc  itself.  The 
formed  at  the  eye,  that  the  ray  also  arc  which  is  equal  to  the  radius  is 
should  proceed  along  the  axis  of  the  57°-2957795:  the  required  sine  or  arc 
tube  of  the  telescope.  If,  therefore,  the  therefore 
spectator  have  any  motion,  the  direction  57**^957795  2062648'' 
in  which  the  telescope  must  be  pointed,  =  ""YjJqqq — =  "foooo"  ~^^  '52648. 
sothatliffhtwill  be  received  from  any  r^o  make  these  computations  more 
heavenly  ^y  observed  will  not  be  ac-  ^^^^  ^^^^  ^^^^^^  ^^^j^e  of  the  dif- 
curately  that  of  the  body  itself,  but  one  f^^^^^  velocities  in  question  should  be 
nearer  to  the  duwtion  m  which  the  ob-  employed;  and  using  them,  the  value 
server  moves.  .  of  the  angle  thus  deduced  is  found  to 
We  proceed  to  determine  more  accu-  1,^  20"-246*  This,  therefore,  is  the 
rately  the  amount  ofthe  deviation  which  greatest  value  which  this  deviation,  or, 
would  be  thus  produced.  We  have  as  it  is  called,  the  a6«Ta/ton.  can  assume 
already  seen  that  the  direction  of  the  ^^  ^^is  supposition;  andthisis  sosmall, 
tube  must  be  so  fixed,  that  Aa  maybe  that  the  angle  between  the  apparent 
to  Da  in  the  same  proporbon  as  the  direction  of  the  body  and  the  direction 
veocity  of  the  observer  bears  to  the  of  the  observer's  motion,  will  in  all  cases 
velocity  of  the  ray,  and  consequently,  as  ^e  very  nearlv  the  same  as  the  angle  be- 
the  angles  d  a  D,  a  D  A,  are  equal.  tween  the  real  direction  of  the  body  and 
sin.  daD=^  sin.  oDA=^sin.aAD  the  direction   of  the  earth's  motion: 

«  D  and  thus  the  equation  (A)  will  become 

s  -^  gin.  d  a  E  ^"  *^**  ^*^ 

"aD      *                                   •  sin.  angle  of  aberration  =  20"'246  x 

velocity  of  observer    * .      . ,.  sin.  angle  between  body's  real  place  and 

'^velocity  of  ray  or  drop   ""'           *P"  the  direction  of  the  earth's  moiiont. 

parent  angle  between  the  ray  and  the  Besides  this  amount  of  aberration, 

direction  of  the  observer's  motion  (A),  there  must  be  some  produced  by  the 

and  this  quantity  will,  of  course,  be  earth's  motion  of   rotation    about  its 

greatest  when  the  sine  of  this  angle  is  .  ^he  time  xThich  Hght  takee  in  tr.ver.iDg  the 

the  greatest,  or  the  angle  itself  equal  to  dUmeter  of  the  earth^s  orbit  is  found  by  ob«erva- 

on^       Tn  thflt  ru«»  tion  of  the  eclipses  of   Jupiter's  satellites  to  be 

»U  .      in  inai  case,  jgm  2^.    u  therefore  the  radius  of  the  earih's 

'     J    T\        velocity  of  observer  2  r 

sin.  a  a  LI = — ; — rr Yth J orbit  be  r,  the  Telocity  of  llirht  will  be  .rm  ocT 

velocity  o(  the  ray  or  drop.  «u     w  ,     .       /       ^ .».        ..;    \,. 

T^     4U  ^  *  --.     4U^ t^^'»...    Z.C   Ai ^ .  The  whole  dream ffrence  of  the  earth*s  orbit. 

If,  therefore,  the  velocity  or  the  ray  .opposing  it  to  be  circuior  is  2  «•  r  and,  this  is 

or  drop  be  very  great  in   proportion    to  dencrlbeU  in  a  year,  or  in  365*26638  days,  (for  thia 

♦hitf     nf    thM    ohsprvf»r      fhi«     anirlp    nf  *•  the  length  of  a  sidereal  year,  and  consequently 

tnai     01    me    OOServer,     ims     axigie    01  of  a  complete  revolution  of  the  earth,)  ihc  mean 

deviation  must    be  very  small:   if  it  _,   ., .  ,..       .,  ,       i^r 

,       -jfl-xi              ^•''i_i_             lu  velocity  of  the  earth  is  —     ^  — 

be  indennitely  great,  in  which  case  the  acsa.  25638 

motion    may   be    considered  as    instan-  The  greatest  ahet ration  _  Vy.  of  earth 

taneous,  the  angle  of  deviation  must  be-  ^^  "  "^'",V  26-     '^"  °'  *'f  U» 

come  imperceptible.  -  sood.  25638 '    Tr    "  "*"** "  TTe^d.^waa 

We  have  already  seen  that  the  velo-  a  mto    ki^^r 

city  of  light  i,  not  less  than  190.000  -  Jjil^-^-—- 

miles  m  a  second,  a  velocity  so  enor-  ^.         .  .  ». 

..     A     r *  _. \.      'i.  •    •     The  greate«»t  aberration 

mous,  that,  tor  most  purposes,  its  mo-  suiso  y 986  x ao6L'64 s      20" 246 

tion  may  be  considered  as  instantaneous.  "          xiswisis  "            *" 

But  every  observer  on   the  earth*S   SUr-  +  The  same  conclusion  maybe  thus  obtained. 

m 1  ^«-*«ir«  ^4!>«Ua  A«^kv  .^^«:^.  Let  A  represent  the  aberration,  and  H  the  real 

face  must  partake  of  the  earttl  S  motion  .^gi^  between  the  star's  place  and  the  direction  of 

in  its  orbit,  if  it  have  any  ;  and  we  have  the  earth's  motion  ;  then  S— a  w-m  represent  the 

seen  (p.  14-2)  that   this  motion,  if  it  *PP''""i,J"5^**L";?^2J6.  s7i"*s-V*'^  ^"'^^^ 

exists,  is  not  less,  in  its  average  value,  -20".246'(Bin.sco».A— cos.ssin  A)and 

than  19  miles  in  a  second,  the  10,000th    .. .  ,.  „,^....,„„  ^,„  ,„.„  n-.-*h«n  -i ^ 

.                 '                '  as  A  IS  necessarily  very  small,  Qless  than  ,.   ,^     I 

part  or  very  nearly  SO,  of  the  velocity  of  ^^  1   ..             c    •     *        k        i«t'«"./ 

r    ,  ,       mu*      •                               X   J'           '  the  last  term,  COS.  S.  sin.  A  may  be  neglecied  in 

hght     This  IS   a   very  great  dispropor-  comparison  with  sin  S.cos.A;  and  cos.  A  may 

..           ,     .     ..,,        1          *«           1        •      M*»  be  considered  as  equal  to  1. 

tlOn;  but  still  -  .  _— ■     the  value  m  this  The  equation,  therefore,  finally  become*  ala.A 
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axis,  if  any  such  motion  exist :  the  great-  the  other,  and  there  will  be  18  (P,  or  a 

est  velocity  which  can  be  thus  produced  semicircle  between  them.    Thus  when 

is  that  of  a  point  in  the  equator,  which  the  8un  appears  in  Aries,  the  earth  is 

we  have  already  seen  to  be  about  1 7^  in  Libra.     Of  course,    a  line  drawn 

miles  in  a  minute;  and  the  greatest  aber-  through  the  sun  very  nearly  perpen- 

ration,  therefore,  which  can  be  produced  dicular  to  this  diameter  will  meet  the 

by  this  cause  will  fall  short  of  the  great-  circumference  very  nearly  midway  be- 

est  aberration  which  can  be  produced  by  tween  or  al)Out  90°  from  its  two  extre- 

the  earth's  motion  in  its  orbit  in  the  pro-  mities.    But  such  a  line  will  meet  lh 

portion  of  their  respective  velocities,  or  point  of  the  celestial  ecliptic  towards 

of  Hi:  19.    It  cannot  therefore  exceed  r'''''^*!t!rf'o*i,??'*''iK''!L'T.* '''*'*" 

50  .^ ,   .    .  .  fore  IS  about  9ir  from  the  earth  s  appa- 

1 71  ^  ,  rent  place  in  the  celestial  ecliptic ;  and 

20  "246  X  ^g  or  -3108  of  a  second.  „  the  earth  moves  towards  it,  it  is  90« 

Taking  more  accurate  values  of  the  mo-  !^^^/«  ^^«  ^^^'^  *???""«o^J*u?*^^u*^ 

tions.  it  is  found  that  it  cannot  exceed  >"  ♦^«  «*'»'^  "»""«>'  ^^  «  ^^  ^^^^^  ^^^ 

•3084  of  a  second ;  a  quantity  so  small  ■""  ?  *PP*""*  P**®®;.      ,  ,         , 

that  we  may,  for  the  purposes  of  the  pre-  ,^  ^^'"^"y  ^^«  aberration  takes  place  m 

sent  treatise,  neglect  it.  ind  consider  the  !*^«  P^*"«  ?*"'«?  }^^'''^^  !*>«  Ji"  r^''""; 

whole  aberration  to  be  that  which  would  "5  *1*.®  «*r "  and  star,  and  also  thehne  of 

be  produced  by  the  earths  motion  in  its  the  direction  of  the  earth  s  motion,   llie 

orbit :  and  this  of   course  will  be  the  ?»'^^  however,  may  be  considered  as 

same  to  an  observer,  wherever  on  the  »"  the  centre  of  the  sphere,  for  it  is  dis- 

earth  he  is  situated;  for  being  borne  Jj"*  ^^m  it  only  by  its  distance  from 

along  with  the  earth,  he  partakes  of  all  ^^^  »""•  which  is  indefinitely  small  in 

its  motion  comparison    with  the    radius    of   the 

Wehaveklreadyseen  that  the  fixedstars  jphcre.     This  plane   therefore  passes 

have  no  observable  annual  parallax :  it  through  two  radii  of  the  sphere  and  the 

follows  of  course  that  their  distance,  or  ?n^le  between  the  two  radii  of  the  sphere 

the  radius  of  the  imaginary  sphere  of  the  "  measured  by  the  great  circle  of  the 

heavens  in  which  they  appear  to  be  set,  JPh""®  ^hich   joins  their  extremities, 

is  indefinitely  great  in  comparison  with  V'  <^«''?f<^«"«' »"  *»^«  ">/  »  «^«*^*  ^^''^i^^® 

the  diameter'of  the  earth's  orbit.    Lines  ^^^^n  ^o™.  t^5  ^^JJ  ^^  i*'^  PJ""^  ^^J*!* 

therefore  drawn  from  the  sun  and  earth  celestial  echptic  90^  before  the  earth  « 

parallel  to  each  other  may  be  conceived  P^^ce,  this  arc  will  measure  the  ang^e 

to  meet  this  sphere  in  the  same  point  of  contamed  between  the  direction  of  the 

its  surface.      Now  the    earth   moving  «arth  s  motion  and  the  line  jommg  the 

in.  the  plane  of  the  ecliptic,  the  direction  f^'th  and  the  star ;  or  it  ijill  measure 

of  its  motion  must  always  be  towards  the  angle  or  the  amount  of  which  the 

some   point   in  the    celestial   ecliptic,  quantity  of  the  aberration  depends, 
namely  that  point  in  which  a  tangent  Fig.  39. 

to  its  orbit  at  its  then  place  meets  the 
celestial  ecliptic,  for  the  celestial  ecliptic 
is  the  intersection  of  that  plane  with  the 
sphere  of  the  heavens.  This  point,  there- 
fore, may  be  determined  by  drawing 
a  tangent  from  the  earth's  place,  or  by 
drawing  a  line  from  the  sun.  which  is 
considered  as  the  centre  of  the  sphere, 
parallel  to  that  tangent,  to  meet  the 
celestial  ecliptic.  Again,  the  orbit  of 
the  earth  beine  very  nearly  circular, 
this  tangent  will  always  be  very  nearly 
perpendicular  to  the  line  joining  the 
earth  and  sun.    Now  if  the  line  joining        We  may  now  explain  and  ascertain 

the  earth  and  sun  be  produced  each  the  manner  in  which  all  the  phenomena 

way  to  meet  the  celestial  ecliptic,  the  of  aberration  would  succeed  each  other 

earih*s  apparent  place  from  the  sun,  or  during  the  whole  course  of  the  year,  on 
her  place  as  referred  to,  the  celestial  the  supposition  of  the  earth's  motion, 
ecliptic  will  be  at  one  extremitv  ot^  this    For  this  purpose,  let  AB  ac,  in  fig.  39. 

diameter  of  the  sphere,  and  the  sun's  represent  the  celestial  edipticy  S  the 
apparent  place  from  the  earth  will  be  at    position  of  any  star,  and  A  S  a,  the  half 
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of  a  ^at  circle  drawn  through  the  star  the  circle  CSc  euts  the  ctrele  A  8  «  at 

perpendicular  to  the  plane  of  the  eclip*  right  angles ;  or  the  directions  of  th4 

tic:  and  let  B,  C,  be  other  points  in  the  greatest fand ^least  aberrations  are  per- 

celestial  ecliptic,  and  B  S  6,  C  S  c,  arcs  pendicular  to  each  other,  the  least  aber^ 

of  great  circles  drawn  through  the  star  ration  taking  place  in  a  direction  per^ 

and  these  points  respectively,  which  will  pendicular  to  the  ecliptic,  or  affectinff 

of  course  be  semicircles,  as  all  great  only  the  latitude  of  the  alar»    On  intes* 

circles    bisect   each   other.     If  then,  tigation  of  the  precise  amount  of  th« 

A,  B,  C,  OtbyCf  represent  different  po-  aberration  in  every  direction,  on  the  sup- 

titions  of  the  point  towards  which  the  position  that  it  is  the  effect  of  the  earth** 

earth  moves  (or  the  point  9(K>  before  the  motion,  we  shall  find  that  the  apparent 

earth*s  place)  SA,SB,SC,Sa,S6,Sc,  place  of  the  star  is  always  in  the  peri^ 

will  represent  the  arcs,  to  the  sines  of  phery  of  an  ellipse,  of  which  the  centre 

which  the  amount  of  aberration  is  pro-  is  the  true  place  of  the  star ;  the  minor 

portional,  and  in  the  direction  of  wnich  axis  is  in  the  direction  of  a  great  circle 

it  takes  place.    Now,  the  earth  being  passing  through  the  star  perpendicular 

in  every  point  of  the  ecliptic  in  the  course  to  the  ecliptic,  the  major  axis  =  40"*492 ; 

of  a  year,  every  point  of  the  celestial  and  the  proportion  of  the  minor  to  the 

ecliptic  must  be  90°  before  its  place  in  major  axis,  that  of  sin.  %*s.  latitude  : 

the  course  of  the  same  period,  and  con-  radius  *,    Of  course,  therefore,  the  star 

sequently  the  point  S  must  be  joined  is  never  seen  in  its  true  place,  except  in 

with  every  point  of  the  celestial  ecliptic  one  case  which  we  shall  presently  men- 

to  give  all  the  arcs  which  determine  the  tion. 

magnitude  and  direction  of  the  aberra-  Now  it  is  found  by  observation  that 

tion  during  the  year.  Of  these,  the  least  the  apparent  places  of  a  star  do  actually 

is  A  S,  and  the  greatest  is  S  a :  the  one  differ  at  different  periods  of  the  year, 

being  greater  and  the  other  less  than  and  that  their  variations  accurately  cor- 

90" :  and  in  passing  from  A  towards  a,    . 

the    corresponding    arcs    must    pass  .  ^et  the  «ngi«  asb  =  /,  sa  =  o,  8B  =  *. 

through  all  mtermediate  values,  mcreas-  .  • .  cos.  /  =  tan.  a  cot.  ^  or  cot.!  i  =  tMi.t  « 

ing   as  they  approach  a.    Of  course,  cot.t6. 

amone:  these,  there  must  be  one  which  and«in.i^  =  i  -eo0.t^  =  1  —  tan.* a cot.t  i= 

is  of  90° :  let  S  C  be  this ;  and  the  aber-  i  „  t«n.i«cot.ift 

ration  in  the  direction  of  the  line  S  C  '*%in.«4  -  tan.«o  (i  -  •in.t  k) 

will  have  its  neatest  value,  and  will  of  ~  — '• ^^Jl ' — 

course  be  20"-246.    The  arcs  C  S,  S  c,  ^^^  ^ 

together  make  a  semicircle^  and  S  G  .  • .  tin.*  h  =  A——r-~--r: srr"^  = 

being  90°.  S  c  will  be  90°  also ;  of  course  ^^„  ,^          ^*  *  ,,„  .  «)    -  sib.   / 
tiierefore  the  aberration  in  the  direction  ^^^J,.^^^  =  i  -  co...  a  in..  / 
S  c  will  also  be  20'''246 :  and  the  ex- 
treme distance  between  the  two  appa^  ^^i l^^^ie^ui^Vh'''' *' "** ^*«««»» * » 
rent  places  as  affected  by  the  aberra-  ^                                 (20"-S46>  >in.fl  a 
tion  in  these  opposite  directions  will  be  .-.€•  =  ^20^  "*<*)••  '**'»•■  *  -  i~co«.«gaiu.«# 

40"*492.     If  again,  B  S  *  represent  any  ^he  polar  equation  to  an  ellipse,  whose  seini-m^or 

other  great  circle    passing   through  S,  axis  =  20"'846,  and  semi-minor  axU  =  »r-846, 

the  aberration   in  the  direction  SB  will  '^^iJiobylou.  that  Ihl.  ellipse  i.  the  same  as  that 

be  proportional  to  tne  sine   Oi   S  B,  ana  produced  by  the  projection  upon  the  surface  of 

that  in  the  direction  of  S  6  will  be  pro-  *!>«  celestial  sphere  of  a  circle  drafim  P«rajl'l  to 

-.^-*:-,««i  ♦«  ♦K^   .;«.^  r.r   oa       x>.,*  4U-.  the  plane  of  the  ecliptic,  whose  radlua  Is  W^'WSw 

portional  to  the   sine  of   S  O,     But  the  The  circle  being  so  small.  the  projection  mayba 

arcs  S  B»  S  6  together  make  up  a  semi-  considered  as  orthographic,  and  the  surface  of  tha 

ci«le.  or  S  B  is  the  supplement  of  8  6 :  ;S.''^7,V.1,?i^7,  ?:'Sr."?iS'.'"i?."',^'i;?.';E 

and  as  the  sine  of  an  arc  and  of  its  sup-  projection  of  a  circle  is  an  ellipse,  whose  minor 

plement  are  equal,  the   aberrations  in  •«'■ '  »»J»'  "J«  •  •  cos.  inclination  of  the  plane : 

It.     J*       A-          a  n    a  M.   — ^  ^ «i  radius,    in  this  case,  the  incllnaUon  of  tha  svp- 

the  directions  S  K,  8  0,  are  equal,  p^^ed  plane  to  the  surface  of  the  sphere  =  corn- 
In  the  same  manner  the  aberrations  piemeut  of.the  star**  latitude,  for  ir  the  radios  of 

in    th«k    Hir^Minn«   SA     Ra   are  cnnal  •  the  sphere  be  produced,  the  rifht  angle  between  th« 

m    ine    airections   a  a,  O  a,  are  equai .  ^^j^,  ^  produced,  and  the  surface  of  the  sphere, 

and    as    S  A   IS    the    least  possible    arc  is  made  up  of  that  Incllaation,  and  the  exterior 

drawn  from   8  to  the  celestial  ecliptic,  angle  formed  by  the  outer  of  Uvo  parallel  lines. 

.1                  .t.!       M.       I            r«i.       t.  and  a  line  Intersecting  them,  which  Is  equal  to  the 

these  are  the  least  values  of  the  aberra-  interior  and  opposiuaogie ;  that  is,  tTihe  an^ia 

tion.     The  greatest  values  of  the  aber-  at  the  centre,  or  to  the  starts  latitude.    Thecosina 

ratinn   nrp    in   the   dirvrtiona   HP    Sr-  of  the  IncHnaUon,  ihereCore,  Is  equal  to  the  alw 

ration  are  m  '"«  ^Jfecuons  a  o.  ac,  ^^^^^  ^^,,  i,y,„dei  and  tha  mliMir  uds  m 

imd  as  the  arcs  S  C,  S  c,  are  of  90°  each»  ^"nn  ain.  «'a  lautnde,  «■  before. 
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rospond  with  those  computed  on  the  of  importftnee  to  know  that  observation 

supposition  of  the  earth*s  motion ;  that  preceded  theory,  and  therefore  has  not 

is  to  say,  if  all  the  apparent  positions  been  accommodated  to  it ;  and  that  the 

are  registered,  they  are  found  to  be  points  theory  (which  follows,  indeed,  as  a  ne« 

in  the  periphery  of  an  ellipse,  in  which  oessary  consequence  from  the  supposi- 

the  magnitude  and  the  proportion  of  the  tion  of  the  earth*s  motion)  was  not  ori« 

arcs  afe  the  same  as    those  already  ginally  and  independently  deduced  from 

deduced  ;   and  assuming  the  centre  of  that  supposition,  but  adopted  onljr  as  a 

that  ellipse  to  be  the  true  place  of  the  mode  of  explaining  facts  to  which  it  was 

star,  then  the  apparent  place  is  always  experimentally  found  to  correspond, 

found  to  be  in  the  great  circle  joining  It  is  obvious  that  this  ooineidence 

that  true  place  with  the  point  of  the  between  the  results  of  theory,  supposing 

ecliptic  towards  which  the  earth,  on  the  the  earth  to  revolve  round  the  sun,  and 

supposition  of  its  revolving  round  the  of  observation,  furnish  the  most  con* 

sun,  is  moving  at  the  time.    The  man-  vincing  proof  of  the  reality  of  the  earth's 

ner  in  which  these  observations  are  made  motion*.    It  is,  indeed,  possible  that 

will  better  appear  when  we  have  further  the  earth  may  be  at  rest,  and  that  the 

considered  the  effects  of  the  aberration,  varying  positions  of  each  star,  during 

supposing  it  to  exist :  but  we  may  at  the  year,  may  be  attributable  to  a  real 

once  observe,  that  the  discovery  of  the  motion  in  the  star,  performed  in  the 

existenoe  of  such  a  variation  in  the  ap-  space  of  a  year,  and  following  in  every 

fNirent  place  of  the  stars,  at  different  instance  the  same  laws ;  but  the  impro- 

times,  was  made  before  the  theory,  by  bability  of  such  a  supposition  is  mani- 

which  we  have  explained  it,  was  in-  fest    On  the  supposition  of  the  earths 

vented;  and  consequently  that  the  coin-  motion  all  these  variations  are  accu- 

cidenoe  of  theory  with  observation  is  not  rately  accounted  for,  both  in  magnitude 

liable  to    the    suspicion   which   often  and  direction ;  they  necessarily  all  take 

attaches  to  the  correspondence  imagined  place  towards  the  same  point,  (that  to- 

to  exist  between  the  results  of  observa-  wards  which  the  earth  moves,)  and  in 

tion,  and  those  deduced  from  a  theory  amounts  depending,  as  they  are  found 

previously  adopted.    Where  the  obser-  to  depend,  on  the  8tar*s  distance  from 

vations,  indeed,  are  perfectly  correct,  and  that  point.    On  the  supposition  of  the 

the  data  from  which  the  theoretical  cal-  earth's  being  at  rest,  and  the  star's  having 

culations  proceed  perfectly  ascertained,  an  actual  motion  of  its  own,  there  is  no 

it  is  of  little  importance  which  came  reason  why  any  one  star  should  have  its 

first  in  the  order  of  time,  for  their  coin-  position  in  any  way  determined  with 

cidence,  if  the  two  really  correspond,  reference  toi  the  particular  point  in  ques- 

must  t>e  perfect.    But  this  is  not  the  tion,  rather  than  to  any  other  point  in 

case  with  the  phenomena  of  aberration :  the  heavens,  and  of  course  the  impro- 

the  time  by  which  the  eclipses  of  Jupi-  bability  of  its  being  so,  even  in  the  case 

ter's  satellites  are  accelerated  or  retarded  of  any  particular  star,  is  very  great :  the 

is  not  known  with  sufficient  accuracy  to  improbability  of  finding  that  all  stars 

enable  us  to  state  with  perfect  certainty  should  have  their  positions  so  regulated 

the  exact  magnitude  of  the  apparent  (as  we  practically  find  them  to  hv)  of 

ellipse  indicated  by  theory ;  nor  is  the  course   altogether    defies    calculation. 

accuracy  of   observation  sufficient   to    — 7- — - 

enable  u.  to  determine  with  the  minute-  }i-o'»rhX:^'?l'{.S  «f5Ji  IfJ. ""  '^"•"* 

nesS  necessary  for  such  a  purpose,  the  •  U,  on  the  other  hand,  we  consider  the  earth'k 

precise  variations  in  the  observed  posi-  noUon  u  snAcientiy  est«bii«bed  »»T '^  «^»«' •»; 

r           ^*   *!.        »            •    A^^A     4U«    i.,»#>^  gumentt  which  exist  In  support  of  it,  we  msy  use 

tions    of   the    star;     mdeed,    the    exact  5,e phenomena  of  aberration  for  the  purpose  of 

amount  of  the  greatest  aberration  is  still  wcertalntni;  the  Telocity  of  llgbti  for.  whatever  b« 

RmAitProfenntrnvprBV**  it  is  therefore.  **»•*  velodty,  the  eflFecU  of  aberraUon  will  be 

amaiierOICOniroversy     .  u  is,  Uiereiorc,  ^^  ^^^  ^^^^  nature,  and  follow  the  same  lawst 

— r-; — -t; — „.  .      . ; '    «  and*  from  their  observed  amount  the  velocity  of 

•See  a  paper  by  Mr.  Richardson  In  ^Soe.  „  ^^  ^n  ^  iMcertalned.    The  process  will  b« 

TnnM.  vol.  Iv.,  which  assigns  the  value  SO^-Ste  ^»     simple,  and    the   reverse    of  that   already 

to  the  treaccst  aberration.     Bradley  considered  adooted  :  aa  before.  If  A = greatest  amoun  t  of  aber- 

the   value  to  be    8<K'j    M.  Zach,  deducing  the  *^             Vt  of  the  earth 

yalue  from   Bradley's  observation,  SN)"'232.     M,      ration,  A  s -^J 7II-|T"i    "d.  «<>n««l»«otly, 

Bessel,  forming  his  computations  from  the  same  ...X^'    /•^    ,    t.       #  *v         -v    i- 

BOurces,  W-Wi  Dr.  Brlnkley.  20"87  j  M.  Lude-  TelocUy  of  light  =  A,  ▼elocity  of  the   earth.  In 

nau.  aO^-61  ;  M.  Strove,  aO^-86  j  Professor  Wood-  which  equation  the  value  of  A  may  be  ascerulned 

iMVse.  2<r*M6.    M.  La  Place.  2<r-25.    All  these  f^om  observation,  and  the  clMe  agreement  of  the 

reaulto  differ  by  quantities  falling  decidedly  within  value  thus  dedoced  with  Uiat  derived  rro«  *■• 

the  possible  limits  of  error  arising  from  the  Inac  observation  of  the  eclipses  of  Jupiter's  aateUitea, 

MMlca#f  observation.  If  they  be  deduced  directly  furnishes  the  stroDBett  coaftrilisUon  of  the  accu* 

tnm  It,  or  nrom  (h«  postiMa  wtot  in  tbd  coaBputa*  racy  gf  e»eh. 


152  ASTRONOMY.  [VL' 

Considerin^c  the  fact  of  the  existence  of  longitude.    The  magnitude  of  this  arc, 
this  aberration  as  established »  we  shall  also,  will  have  every  value  from  0°  to 
point  out  a  few  instances  of  the  peculiar  180°:  of  course,  therefore,  the  aberra- 
effects  which  it  produces.    In  the  first  tion  will,  at  two  points,  where  the  arc  is 
place,  as  it  necessarily  takes  place  in  90°,  have  its  greatest  value  of  20"'246. 
great  circles    drawn  to   intersect    the  And  at  other  two,  where  the  arc  is  0°  or 
ecliptic  in  every  possible  point,  it  takes  180° ;  that  is  to  say.  when  the  earth  is 
place  in  every  possible  direction;  and  moving  directly  towards  or  away  from  the 
among  those  directions  there  must  be  star,  the  aberration  will  be  nothing.  The 
some  perpendicular,  and  some  parallel  same  conclusions  evidently  follow  from 
to  the  equinoctial  and  the  ecliptic  re-  the  results   already  deduced :   for  the 
spectively.    When  the  aberration  is  in  star's  latitude  being  nothing,  the  minor 
lines  perpendicular  to  the  equinoctial,  it  axis  of  the  ellipse  in  which  it  is  seen 
takes  place,  of  course,  wholly  in  declina*  t)ecomes  nothing  also,  and  the  ellipse 
tion ;   when  in  lines  parallel  to  the  equi-  itself  becomes  a  straight  line,  in  which 
noctial,  it  takes  place  wholly  in  right  the  star  appears  to  oscillate  backwards 
ascension ;  when  in  any  other  direction,  and  forwards ;  of  course  passing  through 
it  affects  both  the  declination  and  the  the  centre,  or  having  its  apparent  coin- 
right  ascension.    It  is  not  necessary,  cide  with  its  true  place  in  the  course  of 
here,  to  investigate  the  laws  by  which  its  passage  each  way. 
the  effect  produced  on  the  declination  Another  set  of  conclusions,  of  much 
and  right  ascension  is  determined :  it  is  importance  in  the  history  of  the  dis- 
sufficient  to  state  that  they  are  of  easy  covery  of  aberration,  are  deduced  from 
andof  certain  computation,  and  that  the  considering  its  effect  on  stars  situated 
observed  results  accurately  correspond  in  the  solstitial  colure ;  the  meridian 
with  them.  Observations  of  right  ascen-  which  passes  through  the  pole  of  the 
sion  and  declination  are  those  most  easily  ecliptic.      In  this  case,  therefore,  the 
made ;  and  it  was  from  such  observa-  aberration  in  latitude  and  in  declination 
tions    that   Dr.  Bradley  detected    the  are  the  same,  and  this  aberration  takes 
existence  of  the  apparent  irregularity  m  place  entirely  in  latitude,  or  entirely  in 
question,  and  investigated  the  laws  which  declination  at  the  same  time ;  that  is  to 
regulated  it ;   and  thus  was  led  to  the  say,  when  the  earth  is  -about  90°  behind 
discovery  of  the  cause  from  which  it  either  of  the  solstices,  or  about  the  time 
proceeded.  of  the  two  equinoxes.     At  this  time. 
We  proceed  to  point  out  some  par-  also,  the  aberration  in  declination  is 
ticular  results  affecting  heavenly  bodies  greatest ;  for,  although  the  whole  aber- 
in  certain  specific  positione.  In  the  first  ration  is  least  when  it  takes  place  in  the 
place,  jet  us  suppose  the  case  of  a  star  direction  S  A,  or  Sa  (fij^,  39),  and  con- 

? laced  exactly  in  the  pole  of  the  ecliptic,  sequently  entirely  in  latitude,  the  aber- 
n  this  case,  the  arc  drawn  from  the  ration  estimated  m  latitude* is  then  great- 
star's  place  to  every  point  in  the  ecliptic  est*.  Now  (in  Jtg,  39),  let  P  represent 
is  exactly  90°,  and  its  sine,  therefore,  the  pole  of  the  heavens,  p  the  pole  of 
always  equal  to  the  radius :  and,  conse-  the  ecliptic,  S,  «,  two  stars  situated  in 
quently,  the  star  will  be  seen  in  a  circle  the  solstitial  colure,  on  opposite  sides  of 
always  20'''246  distant  from  its  true  the  pole,  whose  north  polar  distances 
place,  and  the  amount  of  the  aberration  (and  of  course  their  declinations)  are 
will  always  be  equal,  and  always  the  equal,  that  is  to  say,  PS  =P«:  it  is 
greatest    possible.     The    same   result  obviousthat  they  will  have  their  greatest 

would  follow  from  considering  the  ap-    

parent  curve  as  the  projection  of  a  circle  .  ^^  ^^^^^  .bcrrationoc  ,/i- co..ta.ia.u 

parallel  to  the  plane  of  the  ecliptic ;  for,  ^,^^  ^^^^  p.^^  j^^).   But  the  .bm.uon  in  lati. 

in  this  case,  such  a  circle  would  be  seen     tude  win  evidently  be  :  the  wbole  aberration : : 

perpendicularly,  and  would  therefore  ap-    coa.  ^  :    rad.,  or    uberraUon    in    latitude  « 
pear  circular.    The  next  fnstance  which  ^^^ 

we  will  take,   will   be  that  of  a  star  si-     Vi -c(m.>i  a  am.  ^  The  sqaare  of  the  aberration.*. 

tuated  in  the  ecliptic.    In  this  case,  the  coa.s^  i  -  ain.^^ 

arc  drawn  from  the  star  to  the  point  of  «  i  -  cos.<  a  .in.>  ^  *  i-ain.t^+a^n.ia8in.«^ 

the  ecliptic,  towards  which  the  earth  is  eintaain  s^ 

moving,  will  always  be  a  portion  of  the  <x  i  -  ; — '■ 1—.  which  le  evidently  the 

ecliptic  itself ;  and  the  whole  aberration,  ^        J     t      '    ^  u.      .     . 

iU^^M^f^^^    «.;il    u^  ;m    ♦u^  .»!-..«   ^t  4ul     greatest  when   the  second  or   subtractire  term 
therefore,   will    be  m    the  plane   of  the     ?anlshea,or  when  ^=OOor  leO©:  orthtaberra- 

ecliptic,  or  it  will  take  place  entirely  in    uonia  entirely  is  latitude. 
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aberration  in  latitude  and  declination  at  referred  to  the  celestial  ^liptic  at  the 
the  same  time, — namely,  when  the  points  time  of  observation.  It  will,  therefore, 
A,  c.  are  those  towards  which  the  earth  in  the  course  of  the  year,  take  pUce, 
is  movinsr :  but  that  the  effect  of  aber-  like  aberration,  in  every  possible  direc- 
ration  at  8  will  be  to  increase  the  north  tion,  for  it  will  take  place  m  great  circles 
polar  distance,  or  diminish  the  declina-  joining  the  starts  place  with  every  point 
tion ;  at  «  it  will  be  to  diminish  the  of  the  celestial  ecliptic ;  end  the  circles 
north  polar  distance,  or  to  increase  the  S  A,  SB,  8  C,  &Cm  in  J!g.  39,  may  re- 
declination.  If  these  effects  took  place  present  lines  in  which,  at  different  times^ 
to  an  equal  amount  in  each  case,  they  the  effect  of  parallax  takes  place.  This 
might  plausibly  be  attributed  to  an  actuu  is  not  the  only  resemblance  between  the 
variation  in  the  position  of  the  pole  effects  of  parallax  and  aberration.  If 
itself,  which,  in  moving  towards  the  one,  P  represent  the  greatest  possible  paral- 
would  move  as  much  away  from  the  lax  of  any  fixed  star,  the  parallax  in 
other;  and  this  was  the  first  supposition  any  particular  situation,  as  when  the 
of  Dr.  Bradley,  when  he  discovered  (by  earth  is  at  B,  will  be  P  sin.  S  B :  the 
observation  on  y  Draconis,  and  35  of  greatest  parallax  will  be  in  the  same 
Camelopardalus,  two  stars  of  equal  lines  S  C,  8  c,  which  are  each  arcs  of 
north  polar  distances,  situated  very  90°,  in  which  the  greatest  aberration 
near  the  solstitial  colure,  and  on  oppo-  took  place,  and  the  least  will  be  in  the 
site  sides  of  the  pole)  the  variation  of  lines  S  A,  S  a,  when  the  aberration  is 
declination.  He  found,  however,  that  least.  Besides  this,  the  value  of  the 
they  were  not  equal,  and  consequently  parallax  is  P  sin.  S  B ;  a  quantity  exactly 
that  this  supposition  could  not  be  ad-  of  the  same  form  as  the  value  of  the 
milted :  and  we  have  already  seen  that  aberration  20"'246  sin.  S  B.  By  the 
the  aberration  in  the  one  case  would  b%  same  process  of  reasoning,  therefore,  as 
20'''246,  sin.  S  A,  in  the  other  20"*246,  that  before  adopted,theeffect  of  parallax 
sin.  8  A :  two  quantities  which  are  ne-  will  be  to  make  the  star  apparently  move 
cessarily  different.  Bradley*s  original  in  an  ellipse,  exactly  similar  to  that  oc- 
notion,  however,  was,  that  by  these  ob*  casioned  by  aberration,  and  differing 
aervations  he  should  be  able  to  detect  from  it  only  in  magnitude,  in  the  pro- 
an  annual  parallax  in  the  fixed  stars;  portion  of  the  constant  coefficients  P 
and  it  is  necessary  to  point  out,  that  and20''*246.  These  coefficients,  indeed, 
these  same  observations  were  incon-  have  one  remarkable  difference :  the  co* 
sistent  with  the  supposition,  that  the  efficient  20'''246  being  derived  from  the 
irregularities  observed  were  the  effect  of  consideration  of  the  velocity  of  light  is 
parallax.  the  same  for  all  stars ;  the  coefficient  P 
For  this  purpose  it  will  be  necessary  may  be  different  in  the  case  of  each  par- 
to  revert  to  the  consideration  of  the  an-  ticular  star,  and  if  their  distances  are 
nual  parallax,  and  to  ascertain  in  what  different,  it  will  be  so. 
manner  it  will  affect  the  apparent  place  Still,  with  this  general  identity  between 
of  any  fixed  star.  The  sun  being  con«  the  nature  of  the  effect  of  aberration 
sidered  as  the  centre  of  the  system,  the  and  of  parallax,  how  do  we  distinguish 
true  place  of  the  star  will  be  that  in  that  it  is  by  al)erration  and  not  by  paral- 
which  it  is  seen  from  the  sun.  Now,  lax  that  the  places  of  the  stars  are  sensi- 
parallax  (p.  56)  always  takes  place  in  a  bly  affected  ?  The  answer  is  very  simple : 
plane  passing  through  the  object  ob-  the  effects  of  parallax  and  aberration, 
served,  and  the  different  positions  at  though  each  in  the  course  of  the  year 
which  the  observation  takes  place ;  that  tends  in  every  possible  direction,  takes 
is  to  say,  in  the  present  case,  through  place  at  each  particular  instant  towards 
the  star,  the  earth,  and  the  sun.  The  different  points:  the  former  towards  the 
line  joining  the  earth  and  sun  will,  when  earth's  place,  the  latter  towards  a  point 
produced,  pass  through  the  earth's  place  in  the  ecliptic  90°  distant  from  it.  Thus 
as  referred  to  the  celestial  ecliptic,  and  when  the  earth  is  at  <;,  the  effect  of 
the  intersection  of  the  plane  just  men«  parallax  takes  place  in  the  line  S  c,  that 
tioned  with  the  sphere  of  the  heavens  of  aberration  in  the  line  S  A.  The  arc 
will,  as  it  passes  through  the  sun,  the  c  S  C  is  bisected  by  A  P  a,  and,  there- 
centre  of  that  sphere,  be  a  great  circle  of  fore,  they  cut  each  other  at  right  angles ; 
the  heavens.  Parallax,  therefore,  will  for  a  short  space  about  the  point  S, 
appear  to  take  place  along  this  great  therefore,  such  as  those  within  which 
circle;  a  great  circle,  namely,  joining  the  effects  of  parallax  and  aberration  are 
the  star  and  the  place  of  the  earth  as  confined*  the  arc  c  S  C  is  parallel  to 
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eAC.    In  thit  pokitimi,  therefore,  the  and  it  always  dittinithei  the  apparent 

whole  effect  of  parallax  will  be  in  a  di-  lon^tude,  because  it  brines  the  sun 

rection  parallel  to  the  ecliptic,  or  it  will  nearer  the  point  towards  which  the  earth 

affect  the  longitude  of  the  star  only»  and  is  niovini(.    We  always,  therefore,  by 

not  its  latitude.    At  the  same  time  the  the  effect  of  aberration,  imagine  the  sun 

aberration,  if  any  exists,  will  take  place  to  t)e  in  a  point  20"'246,  behind  the  true 

in  the  line  8  A,  perpendicular  to  the  direction  of  the  ray  by  which  we  see  him» 

ecliptic,  and  it  will  therefore  affect  the  or  behind  his  real  place  at  the  time  when 

latitude  only*    If  therefore  we  find,  at  the  rey  quitted  htm.    But  the  ray  quitted 

Ihis^time,  the  latitude  of  the  star  to  be  him  8*"  13*  before  itRrrived  at  the  earth, 

affected,  as  we  actually  do,  the  inference  for  that  is  the  time  which  light  flikes  to 

w  necessary,  that  it  is  affected  by  aber-  pass  fVom  the  sun  to  the  earth,  and* 

ration,  not  by  parallax.    In  the  same  consequently,  what  we  see  is  the  appa- 

Manner,  when  the  earth's  place  is  at  A,  rent  position  of  the  sun  8"^  13*  l)efore  { 

the  parallax  would  take  place  in  the  line  and  as  we  want  to  ascertun  the  sun*a 

ASP,  therefore  entirely  in  latitude ;  true  place,  we  have  not  only  to  correct 

but  the  aberration  would  take  place  in  the  apparent  place  of  the  error  ooca* 

the  direction  S  G,  A  C  being  90^,  and,  sioned  by  aberration,  but  to  add  to  it  also 

consequently,  in  a  direction  parallel  to  the  amount  of  the  motion  of  the  earth 

the  ecliptic,  or  entirely  in  longitude,  or  sun  during  the  space  of  8"*  13*,  that 

Now  at  this  time  we  do  find  that  the  is  to  say,  the  arc  20''*246 ;  for  this  is 

star's  longitude  is  affected,  which  it  can-  also  the  amount  of  the  sun*s  mean  mo* 

not  be  by  parallax ;  this,  therefore,  must  tion  in  8^  13*.*    The  sun,  therefore,  will 

be  the  effect  of  aberration.    The  sepa-  be  seen  40"*492  behind  his  true  place,  in 

ration  of  the  effects  of  the  two  causes  is  consequence  of  the  progressive  motion 

alittle  more  complicated  in  intermediate  of  light ;  20*"246  by  the  effect  of  aber- 

situations ;  but  they  always  take  place  ration,  and  20*"246    from    the   space 

in  different  directions,  and  may  always,  through  which  he  moves  while  his  light 

in  consequence,  be  distinguished  from  is  coming  to  the  earth, 

each  other;  and  we  are  thus  clearly  The  apparent  places  of  the  planets 

enabled  to  say,  that  the  inequalities  ob-  will  be  affected  in  an  analogous  manner, 

served  are  referrible  to  aberration  as  The  following  considerations  will  show 

their  cause.    Whether  there  be  any  sen-  how  to  estimate  the  quantity  by  which 

sible  annual  parallax  at  all  is  still  a  these  places  are  altered.    The  true  place 

matter  of  dispute,  and  it  is  sufficient  of  any  planet  at  the  time  of  ol)servation 

here  to  have  pointed  out  the  nature  of  its  will  differ  from  the  observed  place  by 

effects,  supposing  them  to  exist,  and  the  the  arc  thajt  the  planet  describes  in  the 

impossibility  of  their  being  confounded  time  that  a  ray  of  light  takes  to  pass 

with  or  included  in  those  of  al>erration.  from  it  to  the  earth.    As  the  distance 

It  is  not  pretended  that  it  can  l>e  de-  from  the  planet  to  the  earth  is  always 

tected,  except  in  a  very  few  stars ;  and  known,  or  may  be  calculated  from  the 

in  none  of  these  is  Its  amount  supposed  tables,t  and  since  the  time  taken  by 

to  exceed  2".  light  to  traverse  the  diameter  of  the 

Dismissing  the  consideration  of  paral-  earth's  orbit  is  ascertained,  we  may  find 

laxes>  which  evidently  can  be  of  little  by  a  simple  proportion  how  long  light 

practical  importance,  we  return  for  a  willtake  to  describe  the  distance  in  quea^ 

short  time  to  the  consideration  of  al>er-    : 

ration.    It  is  evident  that  the  apparent  •  The  «pace  deteribed  by  the  eanh  or  ma,  dor- 
positions  of  the  sun,  moon,  and  planets,  *■«  the  putage  of  light  from  the  sun  to  the  eerth, 

must  be  affected  by  it  in  the  Mme  man-  |;h".tnnh.'.raM'Sf  lJK,,Sr.rm.?^"& 

ner  as   those  of  the   fixed  stars  ;  for  it  «pace  described  by  the  earth  or  tun  in  any  time  it 

arises  only  from  the  gradual  propagation  *;  ^^^  .pace  deecribed  by  light  in  the  eametliiie  in 

*!•    .  *      'u*  L  •    .!_               ^             Tr-    *i-  the  proporUon  of  their  respective  wlocitiet:  if, 

01  light,  which  IS  the  case  as  much  m  the  therefore,  to  represent  this  time,  B  the  space  de- 

one  case  as  in  the  other.  scribed  by  the  eaith  or  snn  In  C  and  r  the  rilaunce 


before  the  point  towards  which  the  earth  ■*<>«  »■  **>■•  dedoced  in  Mother  page,  for  the 

is  moving ;  the  aberration,  therefore,  in  ^"t?*  piawtlrV  tables  generally  give  a  ubie 

his  case,  has  always  its  greatest  value,  of  ekpresaly  for  finding  this  distance,  from  the  COM. 

30"-246.    It  always  affects  the  Idnfitude  "»«'»**«ni  **>\f*>  »•  *»»•  »•"«  »pp««»  to  **»  "s»» 

1     V  £        •     iu^  -1  ^    #  liT  *"V."".  subtended  at  the  centre  of  the  »un.  by  the  retpec- 

only,  being  in  the  pUna  of  the  ecliptie,  uvt  osatm  of  the  Mtta  and  puneu  ^        ^ 
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Ibii;  md  again,  knowing  this  time,  we 
may  deduce  from  the  planet*B  geoeetitrio 
horary  or  diurnal  motion,  the  arc  cor- 
respondins;  to  it. 

The  astronomical  formulae  for  aber- 
ration are  generally  founded  upon  the 
supposition  that  the  motion  of  the  earth 
in  the  ecliptic  is  circular  and  uniform. 
This  supposition  is  not  strictly  true; 
and  to  be  mathematically  exact,  we 
should  take  into  account  the  variation  of 
the  earth^s  velocity,  due  to  its  motion  in 
an  ellipse.  The  velocity  in  question  not 
being  constant,  neither  will  the  coefficient 
whicn  we  have  assumed  equal  to  20"*24S 
have  always  that  value,  but  it  will  vary, 
being  greatest  when  the  earth  is  in  its 
perihelion,  or  nearest  the  sun ;  and  least, 
when  it  is  in  its  aphelion,  or  farthest 
from  the  sun.  These  variations  are, 
however,  confined  within  very  small 
limits,  owing  to  the  very  trifiing  excen- 
tricity  of  the  ellipse  in  which  the  earth 
moves ;  in  fact,  they  do  not  exceed 
0''.003,  as  the  excentricity  of  the  terres- 
trial orbit  is  only  about  0,016,853,  the 
•emi-axis  major  being  unity.  We  might, 
if  necessary,  allow  for  them,  but  this 
would  be  a  refinement  as  unnecessary  as 
taking  into  account  the  eifects  of  the 
earth's  rotation,  or  the  diurnal  aberra- 
tion to  which  we  have  alluded  >above. 

As  the  application  of  the  correction 
for  aberration  is  of  constant  recurrence 
in  astronomy,  it  has  been  found  desir- 
able to  construct  tables,  which  shall 
give  the  effects  of  aberration  both  upon 
the  right  ascension  and  declination  of 
any  given  star,  without  compelling  the 
astronomer  to  make  use  of  the  alge- 
braical formula  in  each  case.  To  ex* 
plain  how  these  tables  are  constructed, 
we  must  revert  to  the  principles  already 
laid  down ;  namely,  first  that  the  aber- 
ration =  20"*246  X  sine  of  the  angle 
between  the  body's  real  place,  and  the 
direction  of  the  earth*s  motion :  *  and, 
secondly,  that  if  an  arc  of  a  great  circle 
be  drawn  from  the  star  to  the  point  of 
the  celestial  ecliptic,  90°  before  the 
earths  place,  this  arc  will  measure  the 
angle  contained  between  the  direction 
of  the  earth*s  motion  and  the  line  join- 
ing the  earth  and  star,  being,  in  fact, 
the  angle  on  which  aberration  depends. 
Now,  suppose  ijlg,  40)  that  £  be  the 
earth.  E I  O  the  ecliptic,  and  £  O  an  aro 
of  90^  let  S  be  the  place  of  the  star, 
then  OS  will  be  the  great  circle  in 
which  the  aberration  takes  place,  and 

*  It  is  to  b«  obtcnred,  that  a  Tery  imall  arc  may 
W  eoMlte«a«|Ml  to  tu  am*. 


let'I  S  i'  2be  any  plane  the  effect  of  aber- 
ration in  which  it  is  required  to  measure : 

Fig,  40. 


produce  O  S,  and  take  on  it  Ss  equal 
to  the  whole  aberration,  and  draw  from 
8^  Sf^  perpendicular  to  I  S  c',  then  t  ^ 
will  measure  the  deflection  from  the 
plane  I  S  ^  caused  by  aberration.  The 
triangle  St  ^  being  extremely  small,  we 
may  solve  it  as  rectilinear,  and  then  we 

get 
ft' =>  S  f.  sii>.  f' S«  =  S«  sin.  I  8  O 

but  S  «  =  20"'246.  sin.  S  O,  by  the  prin- 
oiples  already  laid  down 
/.*«'  =  20"-246.  sin.  S  O  sin.  1  S  O 
^  20''*246.  sin.  O I  sin.  S  I  O 
=  20'''246.  COS.  I E  sin.  S I O 
should  E I  be  greater  than  £0,  the  ex- 
pression is  the  same,  but  must  be  taken 
with  a  negative  sign. 

Now,  let  S  I  (fig,  41),  be  a  circle  of 
declination  meeting  the  equator  op  i  tf 
in  8t  and  the  ecliptic  cp  1  £  in  1,  and 
let  S  S'  be  the  aberration  perpendicular 
to  I S.  Draw  through  S'  the  cricle  of 
declina]tion  pS't^:  call  the  angle  E  qp  t'. 

Fig.  41. 


which  is  the  obliquity  of  the  ecliptic  w, 
and  CY3 1,  which  is  the  right  ascension  of 
the  star,  a;  and  let  cy6  1  =  f :  we  have, 
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qp  I  «  being  a  right-angled  spherical       Now  s  «',  which  is  the  abehation  ia 

triangle,   cot.  p  =  cos.  tt>,  col.  a,   and  dechnation, 

hence  ^  may  be  calculated.    Now,  by        =  -  20" •  246.  cor. EI.  sin. « IE, 

what  has  preceded  u  *    •     r      **"•  M  op 

S  S'  =  20"-246.  COS.  I E.  sin.  8 1 E.  ^^^  "»•  ^  =     ^^^  ^  ' 
but,          sin.  a  =  sin.  ^  sin  S  IE.  *     «in.Mcv5 

.     ^  ,  „      sin.  a,  .\  *  *'  =  -  20"'246.-— rr  C0««  E I 

.'.  sin.  S I E  =  -: sm.  6 

sin.  p,  .      » Y  rsrt 

and  SS'  =  20"-246.  cos.  IE.  ^In^"        =  20''-246.JI^cos.(180°+©+«) 

=  Earths  heliocentric  longitude  —  ^.     ,  **"*  ?    ^ 

-  0  «  ^.  but  sin.  M  cp  =  cos.  a  sin.  S 

:.  COS.  I E  =  COS.  (0  -  ^),  but  ©  =      .  Qc/»nn//.94fi cos.a.sin.g.co8.(0-f^) 

180^  +  0.  ..»b-20    246.  ^.^^ 

0  being  the  geocentric  longitude  of  the  Now  if  we  observe  the  form  of  these 

sun.  expressions  for  the  aberration  in  right 

/.  COS.  I E  =  COS.  (186°  +  0  —  ^).  ascension  and  declination,  we  shsjl  see 

=  —  cos.  (0  -  f .)  that  for  any  given  star,  the  angles  f  and 

.•.  substituting  0,  and  the  coefficients 

S  S'  =  -  9,f^f?A^  **^"-  ^'  ^^^'  ^Q  ^  ^^'  20^^' 246.  sin,  g^^^  20^^' 246.  cos,  a.  sin,  a 

sin.  f .  cos.  ^,  cos.  ^                     sin.  0 

but  ssf,  which  measures  the  aberration  respectively,  may  be  considered  as  con- 

•  1 1                       ^  ^'     *  i_  .      ^.  stant :  the  variations  of  a  and  ^.  on 

in  nght  ascension  =  ^^^,  S  being  the  «hich  they  depend,  being  so  slow  as  Z 

declination  of  the  star  ^  of  no  importance ;  on  the  other  hand, 

.     ^      «n//«.c  sin.  a.  cos.  (0  —  ^).    0  varies  from  day  to  day.    In  onler, 

. .  *^  =  20"-246. sin  a>  cos  ^ *"®"'  ^°  ^®™  ^"^  **^^fi*»  ^'^  ^ave  only 

This.  then,  is  the  expression  for  the    ^i  calculate  for  each  star  f .  0,  and  the 
aberration  in  right  ascension.  efficients  just  mentioned,  or  rather  their 

Again,  let  the  plane  in  which  the  iSS?^'^"?® '  ?"^  *^  tabulate  the  results, 
aberration  is  to  be  measured  be  per-  ^*^?"  ^"®  aberration  of  any  star  for  a 
pendicular  to  the  circle  of  declination  Pa»^^»cular  day  is  required,  we  take  from 
s  D  (Jig.  42),  and  let  the  equator  cy)  Q  •  ^®. ,  Nautical  Almanac,  or  the  Solar 
meet  these  circles  in  M  and  D,  then  M  is    Tables,  the  angle  0,  we  add  to  it  ^  for 

the  right  ascension,^  for  the  declina- 
Fig.42.  tion,  which  are  given  in  the  Tables 

of  Aberration.  To  the  logarithms  of 
the  sines  of  the  angles  thus  obtained, 
we  add  the  logarithms  of  the  respective 
coefficients  taken  from  the  same  tables. 
The  sum  of  these  logarithms,  in  each 
case,  will  be  the  logarithm  of  the  aber- 
ration required. 

It  is  easy  to  see  that  the  aberration 
win  be  greatest  when  the  sine  of  0—^, 
in  one  case,  and  of  0-j-^.  in  the  other, 
are  greatest ;  that  is,  when  they  are  re- 
spectively e^ual  to  unity :  in  this  case  the 
aberration  is  expressed  simply  by  the 
coefficients 
20^^'  246.  sin,  a        20^^'  246.  sin.  S.  cos,  a 

cos.  ^.  cos.  ^.  COS.  0, 

the  pole  of  s  D,  and  the  anele  *  M  D  consequently  these  coefficients  are  tlie 
=  «  D  =  a:  therefore,  in  the  triangle  maxima  of  aberration  in  right  ascension 
MIcp,v^ehave  and  declination.    We  have  mentioned 


ni  cyo  =  90    _  a  ij,;,  circumstance,  because  it  is  under 

iMcvo-Tftno       *  this  name  that  they  are  generaUy  entered 

1  ju  qp  -  180    -  fi  jn  the  tables. 

hence  I  7.  which  we  shall  caU  6,  may        We  have  already  explained  the  prin- 

be  easily  calcuUled. .  ...        ,  ciple.  upon  -which  the  aberration  of  a 
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planet  may  be  calculated.    The  time  cession  of  the   equmoxes.    We   have 

employed  by  light  to  describe  the  radius  stated  that  the  intersection  of  the  equa- 

of  the  earth^s  orbit  is  493''2.    If  R  be  tor  and  ecliptic  continually  varies,  re- 

the  radius  of  the  orbit  of  the  planet,  ceding  in  such  a  manner  that  the  pole 

then  the  time  taken  by  light  to  describe  of  thie  equator  describes  a  circle  of  23^. 

the  distance  R:  493*'2  ::  R:  radius  of  28' radius  (nearly)   round  the  pole  of 

the  earth's  orbit  or  unity.    .'.  the  time  the  ecliptic.     Now  we   have   recently 

in  question  =  493''  '2  X  R.     Now  the  seen  that  exactly  the   same  apparent 

time  taken  by  the  planet  to  describe  this  effects  will  be  produced  by  the  rotation 

arc,  :  a  day  or  86400  seconds  ::  as  the  ofthe  earth  round  an  axis  coinciding  with 

arc  itself:  planet's  motion  in  a  day :    .*.  the  axis  of  the  heavens,  as  by  the  rota- 

the  arc  in  question  tion  of  the  heavens  themselves.  If,  there- 

planet's  diurnal  motion  x  493*'2  x  R  fore,  this  supposition  is  to  be  adopted, 

'"  86400'.  ^h®  t^xis  of  rotation  of  the  earth  must 

*     P  continually  vary  its  position,  to  coin- 

=   A*X493-2XK  ^jg  ^jjj^  Ijj^  varying  positions  which 

b6400.  the  axis  of  the  heavens  is  found  by  obser- 
fk  being  the  diurnal  motion,  expressed  vation  to  assume :  the  stationary  points 
in  seconds  of  arcs,  of  the  earth,  the  extremities  of  this  axis 
or  aberration  =0"  -0057083  a*  R  *.  are  found  never  to  vary  ;  the  motion  of 
This  expression  is  the  same  for  nght  the  earth,  therefore,  wUl  be,  on  this  sup- 
ascension,  declination,  longitude,  or  lati-  position,  a  motion  of  rotation  round  a 
tude,  provided  we  take,  in  each  case,  the  constant  axis,  the  position  and  inclina- 
respective  values  of  fi.  As  long  as  the  tion  of  which  offer  a  slow  change.  A 
planet's  motion  is  direct^  the  aberration  familiar  instance  may  serve  to  explain 
in  right  ascension  and  longitude  is  ne-  the  sort  of  motion  in  question.    A  top 

fative^  and  positive  in  the  other  case,  ^hen  spinning  is  often  seen  to  incline 

he  aberration  in  declination  and  lati-  to  one  side,  and  to  perform  a  sort  of 

tude  is  negative  when  the  motion  is  conical  motion,  the  ppint  of  the  peg  con- 

towards  the  north  pole,  and  positive  m  tinning  in  the  Same  position.    The  top 

the  other  case.  turns  round  many  times  in  the  course 

of  one  of  these  conical  revolutions;  it 

has   therefore  a  compound  motion,  a 

Chaptbr  VII.  rapid  motion  of  rotation  round  its  axis, 

of  which  the  point  of  the  peg  is  the  one 

On  thePreeesHon  of  the  Equinoxes,  and  extremity  and  the  centre  of  the  top  is 

the  Nutation  of  the  Earth's  Axis.  the  other,  and  a  slower  conical  motion 

of  the  axis  itself  upon  its  fixed  point, 

Wk  have  already  mentioned  that  Brad-  ^ith  which  the  motion  of  rotation  is 

ley's  first  notion,  when  he  discovered  combined.    The  parallel  is  not  a  very 

the  annual  variation  in  the  apparent  po-  close  one ;  the  motion  of  the  axis  in  the 

eition  of  the  fixed  stars,  was  to  attribute  top  is  rapid,  in  the  earth  almost  incon- 

it  to  a  motion  in  the  pole  of  the  heavens  ceivably  slow  (completing  a  revolution 

itself.    Further  observation  led  him  to  jn  about  25,000  years)  and  the  fixed 

abandon  this  theory,  but  he  had  occa-  point  in  the  top  is  one  extremity  of  the 

sion  to  resume  it  afterwards  for  the  pur-  ,^xis,  fixed    chiefly    by  the  resistance 

pose   of  explaining  another    apparent  afforded  to  it  by  the  ground  on  which  it 

irregularity  which  he  discovered  by  a  rests.    The  fixed  point  in  the  earth  is 

yet  longer  and  more  laborious  course  the  centre  of  the  axis,  which  retains  its 

of  observation.    It  will  be  convenient,  position  in  the  orbit  independently  of 

however,  before  we  proceed  to  explain  ^ny  sueh  mechanical  obstruction :  and 

the  nature  of  this  irregularity,  to  refer  to  the  axis  thus  projecting  on  each  side  of 

one  already  explained,  and  to  see  whe-  the  fixed  point,  the  parts  of  it  on  each 

ther  the  notions  we  have  now  formed  ^e  of  that  point  describe  similar  cones 

of  the  existence  of  motion  in  the  earth  vertically  opposed  to  each  other.*    Still 

dp  not  furnish  a  more  easy  and  mtelli- 

gible  account  of  it  than  we  have  hither-  •  The  lUustratlon  may  be  carried  a  ttep  farther 

to  been  able  to  give.  The  top,  ir  spun  oo  a  hard  and  amooth  i«urt'ttce,  will 

Thi«  i«   th<»  nhenomenon  of  the  ore-  oft«n  traverne  it  with  comiderabJe  regularity  and 

AniS  IS   me  pnenomenon   OI   uw  pre-  yelocily.  the  moilons  already  mentioned  remain. 

__. _«__  ing  unaltered,  the  whole  top  thus  moving  in  apace. 

and  having  combined  this  motion,  a  rapid  motion 

*  ^  and  R  in  this  exprcMlon  may  b«  foaad  from  of  roution  round  a  fixed  axis,  and  a  slower  conical 

the  pUactary  ubUs,  voU^a  Qf  the  txl«  Itadf,   Tht  moUon  of  Uie  top 
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the  coneeption  of  the  motion  may  be  M  him  i)ow  to  adopt  the  mpposition 

rendered  easier  by  the  illustration;  and  then  rejected.    On  comparison  of  ob* 

it  will  be  seen  that  the  elements  of  which  servations  made  at  different  times,  he 

it  is  made  up  are  in  no  way  inconsistent  found  that  one  of  these  stars  became 

with  each  other.  And  if  they  are  not,this  nearer  the  pole,  while  the  other  became 

explanation  of  precession  furnishes  one  more  distant  ih)m  it ;  and  that  in  this 

of  the  most  striking  instances  which  we  case,  unlike  the  former,  the  approach  of 

have  met  with  of  the  superior  simplicity  the  one  exactly  equalled  the  recess  of 

introduced  into  the  system  of  the  heavens  the  other.    These  results  obviously  oor* 

by'the  supposition  of  the  earth's  motion,  .responded  with  the  supposition  of   a 

It  is  sufficiently  diffioult  to  imagine  that  motion  in  the  pole  itself,  which  bemg 

the  sun,  the  moon,  and  all  the  stars  and  situated  exactly,  or  very  nearly,  betweeii 

planets,  at  distances  almost  infinitely  va-  the  two  stars,  would  necessarily,  if  it 

rious,  should  all  revolve  round  the  earth,  chan|g:ed   its  position,     approach    the 

even  foraainefle  day  in  tracks  correspond-  one  by  the  same  space  by  which  it  re- 

ing  to  the  supposition  of  rotation  round  ceded  from  the  otner.       If,  however, 

an  axis  with  which  they  have  no  appa*  \he  pole  really  shifted  its  place,  it  would 

rent  connexion :  but  it  is  incomparably  affect  the  right  ascension  and  declination 

more  so,    to   suppose    that  this  axis  of  every  star  in  the  heavens,  for  these 

is  continually    changing:   its    position,  depend  on  the  situation  of  the  pole ;  and 

)ind   that  all   their  motions,  separate  the  effects  of  its  motion  upon  these 

and  independent  as  they  are,  are  con-  elements  could  be  discovered  by  com- 

tinually  changed  also,  so  as  always  to  put  at  ion.      If,    on    investigating  these 

conform  to  that  same  supposition,  which  effects,  and  comparing  them  with  the 

for  a  single  day  and  a  single  position  of  observed  phenomena  of  a  great  variety 

the  axis  seemetl  so  improbable.     If,  on  of  stars,  taken  in  all  different  situations, 

the  other  hand,  we  suppose  the  earth  to  the  results  were  found  to  correspond, 

revolve,  and  the  position  of  its  axis  of  there  could  be  no  doubt  that  they  were 

revolution  to  vary,  all  these  apparently  really  occasioned  by  a  motion  of  the 

independent  motions  are  explamed.  and  pole ;  if  they  failed  to  do  so,  then  some 

become  the  necessary  consequences  of  other  cause  must  be  sought  for  them. 

this  one  supposition ;    whicn  involves  Now  it  was  found  that  they  did  accu- 

nothing  improbable^  and  which  we  shall  rately  correspond  with  the  supposition 

hereafter  see  to  be  itself  the  necessary  tl^at  the  pole,  besides  its  motion  occa- 

consequence  of  certain  laws  to  which  sioned  by  precession,  had  another,  which 

all  the  appearances  of  nature  conform  we  shall  presently  more  fully  explain,  but 

themselves.  which  made  its  true  place  occasionally 

We  have    already    shewn   how  Dr.  on  one  side,  and  occasionally  on  the  other 

Bradley  was  induced  to  abandon  the  of  its  mean  place,  the  mean  place  being 

notion  that  the  appearances  really  pro*  that  which  it  would  occupy  if  effected  by 

duced  by  aberration  were  the  result  of  a  precession  alcne.    The  place  of  the  pole 

motion  of  the  pole.    After  he  had  done  we  have  seen  to  be  determined,  on  the 

so,  however,  and  had  deduced  from  his  supposition  of  the  earth*s  rotation,  by 

observations  the  theory  of  aberration,  the  position  of  the  earth's  axis:  the 

he  found  that  there  still  remained  ano-  earth's  axis  therefore  must  have  a  mo* 

ther  irregularity  to  be  accounted  for,  and  tion,  sometimes  to  one  side,  sometimes  to 

that,  on  comparing  together  the  obser-  the  other  of  its  mean  position,  or  it  must 

vations  of  a  considerable  length  of  time,  have  a  slight  rolling  or  nodding  motion 

the  north  polar  distances  of  different  combined  with  the  continued  motion  of 

stars  were  still  iound  to  vary  in  a  manner  precession;  and  this  motion  is  called 

not  accounted  for  by  the  effects  of  re«  nutation.     The  apparent  irregularity  in 

fraction,  aberration,  prallax,  and  pre-  question  therefore  is  known  by  the  name 

cession.    It  is  remarkable  that  the  ob*  of  nutation,  or  more  fully,  ike  nutoHon 

servation  of  the  same  stars,  7  of  the  of  the  earth's  axis. 

Dragon,  and  35    of    GamelopardaluSy  It  is  found  that  the  motion  of  the  pole, 

which  led  him  to  attribute  aberration  to  thus  ascertained,  makes  its  true  place 

its  true  cause,  and  to  reject  the  supposi-  in  all  cases  different  from  its  mean  place ; 

tion  of  a  motion  of  the  pole  to  explam  it,  and  that  the  true  place  may  always  be 

represented  by  supposing  it  to  describe 

over  the  rarface  uittj  nprnent  the  motion  of  th«  an  ellipse  round  the  mean  place,  which 

earth  In  iu  orbit  j  the  spinning,  iu  routlon  In  fl4  ifefllf  nrnppeds  in  a  circle  round  thp  tioIa 

houra  ,  the  conical  rooUon  of  Uie  axie,  the  notioa  "f^V  V^^.^r  '".  *  T/^**  rouna  me  pOie 

#r  the  earth'aaste  which  ocGMioBepraceaaioa.        »  Of  the  ediptlC,  m  the  maon^  mwAf 
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explained  ib  treating  of  pfecession.  This 
ellipse  is  found  to  be  described  in  rather 
more  than  1 8^  years,  and  in  exaotlv  the 
time  in  which  the  nodes  of  the  funar 
orbit  perforin  a  complete  revolution  on 
the  ecliptic*.  In  fact,  there  is  an  inti- 
mate connexion  between  these  pheno- 
mena, the  nature  of  which  will  be  ex- 
?lained  when  we  come  to  treat  of  the 
'heory  of  Universal  Gravitation.  We 
will  only  observe  here,  in  order  to  give 
some  iaea  of  the  nature  of  this  con- 
nexion, that  the  earth  not  being  a  per- 
fect sphere,  the  attraction  exercised  by 
the  moon  upon  it  will  vary  with  different 
positions  of  that  planet  with  regard  to 
the  earth's  equator.  Now  these  posi- 
tions depend  upon  the  position  of  the 
lunar  orbit  itself,  the  nodes  of  which 
describe  the  whole  circumference  of  the 
ecliptic  in  the  time  above,  stated.  At 
the  expiration  of  this  period  of  18) 
years,  the  orbit  has  very  nearly  returned 
to  its  primitive  position :  the  attraction 
then,  and  inclination  of  the  earth's  axis 
consequent  upon  it,  return  to  the  same 
state  too. 

Having  then  acquired  some  idea  of 
the  cause  of  Nutation,  and  having  as- 
certained that  its  period  coincides  with 
a  revolution  of  the  moon's  nodes,  let 
us  now  proceed  to  examine  more  ac- 
curately tne  laws  of  the  phenomenon, 
and  show  how  the  mature  of  the  orbit 
described  by  the  true,  round  the  mean 
pole  of  the  earth,  has  been  ascertained. 
On  the  one  hand,  the  comparison  of  the 
effects  produced  on  the  right  ascension 
and  declination  of  a  great  many  stars ; 
on  the  other,-  the  theory  deduced  from 
the  principle  of  gravitation,  show  that 
the  variation  in  the  obliquity  of  the 
ecliptic  produced  by  this  cause,  mav 
be  represented  by  the  formula  9''. 
63.  cos.  Slf  where  SI  stands  for  the 
mean  longitude  of  the  moon's  node: 
and  the  variation  of  the  place  of  the 
equinox  on  the  ecliptic'  by  the  formula 
— 18".  sin.  SI.  cot.  2  w,  where  to  re- 
presents the  obliquity  of  the  ecliptic. 
Now  it  is  easy  to  show  that  the  effect^ 
produced  on  the  right  ascension  and  de- 
clination of  a  star  by  a  small  simulta- 
neous variation  of  the  longitude,  and  the 
obliquity,  may  be  expressed  as  follows. 
Let  a  and  5  represent  the  right  ascen- 
sion and  declination  respectively;  and 
d  a  and  d  B  the  variations  required. 
Take  yfr  for  the  variation  of  the  longitude 
and  f  for  that  of  the  obliquity.  Call  the 
longitude  x,  the  latitude  ^t  then 

*  0ee  pag;e  69* 


d  ^  «  Y^.  sin.  Ill,  eoi.  a  +  ^.  sin.  a 
d  a  »  V^  {  COS.  fti  -4-  sin.  V .  sin. 
a.  tan.d.|— f.  COS.  a.  tan.  d. 
But,  yft   =  —  18".  stn.  8.cot.2w. 

f     ^  9".  63.  eos.  SI  • 
substituting  these  values,  and  assuming 
uf  =  23°.27'  52",  we  get 

d^=  8".  4  sin.  (a-.  8)  -».  l".  2a. 

sin.  r«^  +  8). 
d  #  =  ^16".  61  sin.  Q  -  {8".  4. COS. 
(•—8)+  1".  23.cos.(«»+ 
8)}  tan.  3*. 


*  In  order  lo  dcmoostrftte  the  espressioDs  for  4  m, 
and  d  %  given  Ib  the  text,  let  us  eall  as  before  the 
obliqaity  of  the  ecliptic  ly,  the  right  aecenslon  «, 
the  declination  X  the  longitude  j3,  the  latitude  4. 
By  epfaerical  trigonometry—* 

sin.  3  —  sin.  t>*  cos.  ^.  sin.  ^  -f*  cos.  ».  sin.  t 


tan.  flt  = 


—tan,  j.  sin,  m  -^  sin.  ^  cos.  i» 

coa.  A 


COS.^ 


The  eftct  of  natation  Is  to  produce  a  small  ang- 
mentation  In  the  longitude  of  each  star,  and  a 
small  Yariation  in  tlie  Inclination  of  the  equator 
to  the  ecliptic.  These  changes  being  in  themnel  ves 
extremely  small,  we  may,  by  a  well-known  mathe- 
matical principle,  find  their  united  effect,  by  cal- 
culating separately  their  respective  effects,  and 
adding  these  together  for  the  whole  reault.  Let  ut 
consider  then  first  a  small  variation  in  the  longi- 
tude. In  which  case  /3  becomes  /9'.  and  let  as  find 
the  correspondent  changes  in  §t  and  3. 

Recurring  to  the  expresiiions  for  at  and  ),  which 
now  become  «'  and  )tt  we  have  sin.  %'  =-8in.  $,.  cos. 
$.  Rin.  ^  +  cos. «.  stu.  $  .*.  sin.  ^  -  sin  3  s  dn.  t 

eos.  ^  I  sIq.  /if  -  sin  j3  }   . 
or  by  trigonometry — 
sin:i^y-a^.eos,l(^y  +  A    =   sin.  •». 

^.  I  sin.  .1  (/3  - /?) .  COS.  ^  (j3' + /3)  I 

The  difference  of  the  longitudes  or  )3'  -  jS  is  la 
fact  the  quantity  which  we  have  called  t^\1f  -^  % 
Is  the  nutation  in  declination  which    we   have 

sailed  4  ).    Hence  sin.  £l.  cos.  /  )  -f  li  I 

sin.  m.  cos.  6,  sin.  X  'COS.  J  ^  +  ^  I  ^ 

But  since  the  arcs  ^  «nd  d  )are  very  small,  we 
may  substitute  for  tne  ratio  of  the  sines  that  of 
the  arcs  themselves,  and  confining  ourselves  to  the 
first  powers  of  these  arcs,  we  get 

""  cos. ). 

To  simplify  this  expression,  let  us  suppose.  In 
figure  43,   F*  to  be  the  pole  of  the  ecliptic,  P 


cos. 
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The  formulse  for  the  effects  of  the    the  values  of  ^  and  Y^  are  different    In 
solar  nutation  are  exactly  similar :  but    this  case, 


that  of  the  equator,  S  the  place  of  any  star  whose  But  we  have  found 

changes  of  position  we  are  considering  i  E  C  M  ^  >    yp.  B\n.  tf.  coa.  fi.  cos.  fl 

the  eqnator,  O  C  Q  the  ecliptic,  P  S  D  a  circle  of  d  3  = 5 

declination  passing  through  the  star,  F  8  N  a  ctr-  ^*'  ^ 

cle  of  latitude ;  the  great  circle  E  O  P  P  will  be  sabsUtuting'them  for  cos.  fi  its  value,  we  get 

the  solstitial  colure,  C  the  equinox  (suppose  it  the  .  %     .  v  "^n-  "•  ^°*'  f      v      ^°'-  *  *^^'  ^ 

vernal);  let  PC,  PC  be  arcs  of    great  circles  *•**. ZTTf ^    .  — ZTT^ — 

respectively.      Now,   In    the   spherical  triangle  *"                        '            ' 

F  PS  the  side  PS  Is  the  complement  of  the  de-  IT"      =  >^.  sin. «.  cos.  «    ....    (a) 

cHnatlon,    P'S  that  of  the  latitude;   the  angle  ,,,                      .j.v**_jj.u 

FPS=sFPC4-   CPS=90<»4-«i  the  anaie  ^'^  "■  ^^^  consider  the  effects  produced  on  the 

PPSss  PP'C—  OP'S  =90o  —  fl.    Now  ''8*^*  ascension,  by  the  motion  parallel  to  the  eclip- 

1     Bu-    t     nnra                  '     '  tic,  ofwWch  we  have  been  treating.    Byspheiical 

sin.  PS  ^sin.  PP8  trigonometry,  we  have 

Bin.  P'S      sin.PPS  -  Un.  0.  sin.  »/  +  rin.  g.  cos.  „ 

COS.?  _sln.(IKH>  >-/3)  Un. « =  ^^^ 

^   cos.  ^     sin.  C90«  +  «)  Suppose  now,  that  A  becoming  0%  and  the  latl- 

COS.  /3 1  tltude  remaining  constant,  that «  becomes  a\  then 

cos.«                                                           .     —  tan.  f  sin.  «r  +  sin.  /5  '.  cos.^ 
^  tan. «'  = — -  -ju ■ 

^^      „      COS.  « cos.  3  C0S./5' 

cot.  R  =:- -— 

COS.  4  consequently 

"  tan.  t,  sin.  *»  {cos.  ^  -  cos  /3'  }■  +  cos.  tt.  sin  (fl'  -  fi) 

un. «'  -  tan. «  = ^^ ^ .J ->r Z^ 

COS.  /3  cos.  fi' 

sin.  («>  ~  <,•)     -  2  tan.  ^.  sin.  „.  iln.  l(/5'  +  ^)  sin.  1  (/S'  -  /3)  +  sin.  (/3'  -  ^)  cos.  ar. 

^^  cos.«.co..«'» cos.^cos./^ 

ft*  -  «  is  the  natation  in  right  ascension ;  it  is  extremely  small,  as  is  also  /S'  -  /3  which  we  have  pre. 
viously  called  -v^ :  we  may  then  substitute  the  ratio  of  these  umali  arcs  for  that  of  their  sines.    We  ma 
also  in  erery  term  which  is  multiplied  by  these  small  factors,  suppose  fi  =  /3%  and  «  s=  «'  {  hence 

V*.  COS.  *  «  {  -  tan.  I  sin.  «.  sin.  jk  -J-  cos.  *,!  } 
«'-«ord«= ^^-a^ '- 

From  this  expression  we  must  eliminate  0  and  4,  in  order  to  have  terms  involving  only  the  right 
ascension  and  declination.    For  this  purpose  let  us  substitute  in  the  denominator  on  the  right  hand 

COS.  a-  COS.  i 
side,  for  COS.  ^,  iU  value,  — ^^j^^ — ,  we  obUin 

dtt  =  ^  i  "  «^P'  ^'  cog'  fi.  alg  tt.  iln.  /5  -f-  cos.  *  ^.  cos.  u\ 

cos.  >  J 

Recurring  now  to  the  fundamental  eqaaUons  with  which  we  set  out,  it  appears  that  sin. «.  cos.  A 
sin.  fi  =  sin.  }  —  COS. «.  sin.  0 

substituting  this  value,  we  obtain  d     »  ^/^  {  —sin.  ^.  sin,  ^■f  cos.  a>  } 

cos.  *2 

To  eliminate  i.  It  is  easy  to  tee,  by  applying  the'  formulae  of  spherical  trigonometry  to  the  triangle 
S  P  P*  fig.  43,  that 

sin.  ^  s  cos.  M  sin.  i  -  sin.  an  cos.  3.  sin.  « 
substituting  this  value  of  sin.  4 

d«  s=  ^|f  {  ^  sin.  I  (coa.  a».  sin,  i  -  sin.  ^  cos.  I.  sin,  n)  +  cos.  i»  } 

cos.  >  2. 
s=  >A  {  -  COS.  «t.  sin.  »  1  +  sin.  a>.  sfn.  3.  cos.  3.  s!n.  g.  +  cos,  at  } 

COS.  *~5i 
=  ^;>  {  COS.  >>  (1  ~  sin.  «  3)    . 

COS.  «  3 *"       •  •^  *•"•  ^  ■*°-  «  I 

=  ^^  {  COS.  tt.  H-  sin.  w.  tan.  3.  sin.  «  |  (J) 

The  reader  will  observe  that,  in  what  precedes,  i     a         r  a 

we  have  only  considered  the  effects  produced  by  a  then  sin  3  =  »in.  e.  cos.  ^.Ag  -  a>) 

small  change  In  the  longitudes,  the  obliquity  re-  cos.  X 

malning  consUnt.    Let  us  now  consider  the  effect 
of  a  small  change  In  the  obliquity  of  the  ecliptic,  .  tan.  /S.  sin,  (^x  ~  *>) 

the  longitude  remaining  constant.    For  this  pur-  *"**  *■"•  •• sln"^^ 

pose,  let  us  talce  the  equations  '  ^ 

sin.  3  =  iln.  a>.  cos.  fi.  sin.  (i.  +  cos.  „.  sin.  0  jjow  let  *»  become  «  +  f ,  ^  and  ^  remaining  the 

J  _  -  tan,  f.  sin.  <>;  +  sin.  jS.  cos.  a>  same.  X  will  not  vary,  but  3  *nd  c  will  change, 

lan. «  =  cos  /J  ■"**  become  3*  and  «'.    Thus  for  the  first  of  these 

which  we  have  already  employed.  quantities,  we  shall  have 

sin.  &  *  ^      sin.  ^  COS.  (;^j  -  4,  -  9) 

.:  ri».  >  -  .1..  >  ^  rin.  <  {!g^(At  -  »  -  f )  -  «»u'(y  -  ,)  } 

COS.  X 


vir. }  4.]' 
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f   =  1".  34.  COS.  2  A* 

Y^  =  -  1".  34.  sin.  2  A.  cot.  w. 

In  very  accurate  calculations  it  is  ne- 
cessary, having  found  the  effects  of  the 
solar  nutation  in  rieht  ascension  and 
declination  respectively,  by  substituting^ 
these  values  of  f  and  '^  in  our  generu 
formulse,  to  add  the  expressions  for  the 
variations  thus  obtained,  to  the  respec- 
tive variations  caused  by  the  lunar  nu- 
tation. It  will,  however,  be  seen  that 
these  tenns  must  be  very  small :  when 
they  are  taken  into  account,  the  nuta- 
tion thus  corrected  is  called  the  luni- 
solar  nutation.  As  the  object  of  this 
IVeatise  is  rather  to  explain  general 
methods  than  to  go  into  the  niceties  of 
astronomical  calculation,  we  shall  for  the 
future  consider  the  effects  of  lunar  nu- 
tation only. 

Let  us  now  determine  by  means^of  our 
formulse,  the  motion  of  the  equinox  in 
right  ascension  caused  by  nutation,  or 
as  it  is  sometimes  called  the  equation  of 
the  equinoctial  points.  In  the  case  of 
the  equinox  «  =  0  and  d  =  0,  and 
therefore  da—  —  16^'.  51.  sin.  $2 

This  then  is  the  difference  in  right  as- 
cension, between  the  true  and  the  mean 
place  of  the  equinox.  The  equation  in 
declination  will  be 


rfa=  -  7'M7sin.  8. 

The  same  general  formulse  will  also 
serve  us,  to  show  how  the  apparent  pole 
of  the  equator  describes  a  small  ellipse 
round  the  place  of  the  mean  pole. — 
Fr6m  what  has  been  already  said 
about  nutation,  it  appears  that  the 
ellipse  in  question  is  of  very  small 
dimensions :  we  may  then,  without  sen- 
sible inaccuracy,  suppose  its  projection 
on  the  concave  sphere  of  the  heavens  to 
be  the  same  as  if  it  were  projected  on  a 
plane  surface:  and  as  the  oscillation 
takes  place  round  the  mean  place  of  the 
star,  we  shall  take  this  mean  place  for 
the  origin  of  the  co-ordinates.  Draw 
through  this  point  an  arc  of  a  great 
circle  perpendicular  to  the  meridian, 
and  take  the  tangents  at  this  point  to 
the  arc  just  mentioned,  and  to  the  me- 
ridian respectivelv,a8  axes  of  rectangular 
co-ordinates.  These  co-ordinates  con- 
sequently will  be  the  difference  of  de- 
clination, d  d,  and  the  difference  of  right 
ascension,  measured  on  the  ^preat  circle 
perpendicular  to  the  meridian,  which 
passes  through  the  place  of  the  star ;  or, 
m  algebraical  language, 

x  =  db 

y  -  da, cos.  d. 


•ttbttitnllng  for 


•in.  \  \0f  -  ».  coe.  -5  (y  +  ^) 


9  ^        2 


■In.  $,  fin.  J  ain.  (;^;  -  i#  -  -g  ) 


tin.  ^ 
2 


9 


and  putting 


In  the  other  terms  of  the  eqaation  y  s  ),  iif  cs  «, 
and  ^  s  0,  we  obtain 

"  COI.  ).  COS.  X 

But      •ln.(A;-*)=       — t.ii3— ^ 

f  tan,  g.  sin,  fi.  tan.  X 
'•"•  y  -  •  -  cofc  >.  tan.^ 


€os.;t; 
Again        .  ;  Bin.  ^  tan. ;(;  =  sin.  /S.  cot.  f, 

.•.y-jB?i5£i5.cok^.cot.^ 

COS.  4 

But  COS.  4*  COS.  fi  =  COS. «.  COS. )  • 

u  msy  b«  seen  by  referring  to  the  triangle  S  P  P', 
consequently  ^,  ^ 

y-J  =  ^tin.« (c) 

This  then  is  the  efTect  produced  on  the  declinaUon, 
Now  for  the  right  ascension 


tan*'  s 


tan.^sln.  (AS-i»  -  ^] 


•lD.X 


•'.  tan 


.,  .^  -  un.  .  =  Un./J  *JBiOCz^^P_z!^(X^^ 

sln.;^; 


sin.  («'  -  «)  * 


—  2.  tan.  /}  cos.  *  cot.  t^  sin.  r  eos.  Ck  -  m  -  x\ 


Using  the  same  substitutions  as  before 

-  f  ten./}.  COS.*  «  eos.  (AJ  -  •) 

a'  -  «  or  d  «  s ^ 

•in.  a; 

But  cot.  (X  -  •)  =-Il!!Lii^L^ 

sin.  4, 
.^^_  P  COS. »  sin.  3.  Un.   /S 

sin.  4.  tan.  x 

A s  before       sin.  ^.  tan. a;  :=  sin.  ^  oos.  | 

.*.  da  ^  -  ^  cos. »  g.  sin.  ? 


•io,x 

Again  as  before      cos.  4,  cos.  ^  a  coi. «  coe.  3l 

I.         .'.d A^  '  ^cot.«c.Un.2.    ,     .'    .    (rf) 

We  hare  now  calculated  the  Talues  of  d  «  and 
d  X  supposlog  the  longitude  and  obliquity  of  the 
ecliptic  to  Tary  successirely :  to  get  the  elfecU  of 
their  simultaneous  Yartatlons,  we  hare  only,  as 
these  sre  very  small,  to  add  together  the  expres- 
sions already  obtained  for  d  «  and  d  )  respecttrely, 
that  Is,  (a)  to  (c),  and  (6)  to  (<f)»  and  we  get 

dl  =  ^  sin.  tt,  COS.  «.  +  ^' •*"•  • 


cos.  #.  COS.  fi 

dm^  '4f  ^cos.  w  +  tin.  si.  sin. «.  tan.  J  }  -  9  coi. «.  tap.  9 
*  A  i>  the  longitude  of  the  tun. 


M 
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Now,  if  fre  refer  to  page  159,  we  ahaU  The  majoruda  is  ia  the  Erection  of  the 

find  Uiat  these  expressions  become  axis  of  x,  and  is  a  tangent  to  the  meti- 

«  =  9"-63.  sin.  a.  COS.  S2  dian  passing  through  the  centre  of  the 

_  7/''17.  cos.  «.sin.  ft  ellipse;  its  value  is  19"'36.    The  minor 

y  z  —  16"'S1.  sin.  Si  cos.  t  axis  in  the  direction  of  the  axis  of  y,and 

-  -f  9"'63  cos.  ••  cos.  8  +7"-17.  sin.».  »  perpendicular  to  theformer ;  iUvalue 

■in  Si  Inn  }  '*  14"'34.    This  minor  axis  is  a  tangent 

•itf     •  • tg  (jjg  pji^iel  of  the  ecliptic,  which 

If  between  these  two  equation,  we  j^       ^  the  mean  pole  of  the 

ehminate  the  aariea.we  shall  have  the  ^      ^„     IfVe  wish  to  express  it  in 

orbit  described  by  the  apparent  pUce  ^,    j  t^i.  paraUel,  we  mW  divide 

round  themeanplaee  generally.    Our  T4«.34bythe<JDsine  of  the  distance  from 

object  I.  to  find  the  orbit  descnbed  by  jj,       ,  '  f  ,j,e  ecliptic,  or,  what  is  the 

the  apparent  pole  of   he  equator  round  ^  ^  ,j„    „     ^^^Y^      ^  ^  th,. 

y**  i^'  '■   «>""^"™*'y  '"  f"?  «"«•    majo^  ax'is,  it  is  to  be  obsei^ed  that  it  is 

f  "Tk®."  •  ""IL^  I  •'  "";«t"  ^  M-  *"!•    «t««ted  oA  the  solstiUal  coluw.  for  it 
further,  as  the  choice  of  themendian  on    ^yj  ^  ^oUected  that,  in  taking  the 

:!^!:!!  1,1!  *ilii''J?:!:!!*i'l JA.*^^u!^u-    axi.of».wehavemade.=  9(P.^ 

of  the 
y  given 

and  COS. .  =  0 ;  our  expr«»ioiis  now  be-    Z^^Pyl'^m^Tn  S'tZI^  0. 

^°®         „  ^  sin.«  =  l,co8.J=0,sin.l  =  l.weget 

X  a  9"-63.  coi.  8  a?  =  9"-63.  COS.  fi 

y  =-=  -  7"-l7  Bin.  a  «  =  -  7"17.  sin.  J2, 

aj«  «  (9''-63)«.  COS.  •.  JJ  Referring  now  to  the  JBgure  and  con- 

yt  a  (7''-i7)«.  sin.«.  ^  struction  in  page  63,  PM  =«  PO.  cos. 

oiyu*  a  --      ^*  APO:  but  APO  ^  8,  or  the  longi- 

^«  -  (9W.63;»  tude  of  the  moon's  node;   PO  =  PB 

yt  =  9'''63  /•  P  M,  which  is  the  abscissa 

sin.«  SI  te  /fffTjjCt  of  the  point  p  =  9''-63,  cos.   Q  ;   but 

^  V*  ^^^  ^^       value  of  the  abscissa  of  the 

•'•  ^  ~     ;;■  ■  ,  +  7y/M  t\t  P^^"*  ^^  ^^®  ^apparent  pole :  ;?  then  will, 

(9  'es)       (7  '17)  as  has  been  stated,  be  the  place  of  that 

or  (9"-63)«  (7"'17)«  «  (9''-63)«.j>"  +  pole. 

(7"-17)«.  aK         The  Tabtes  of  Nutation  are  simUar  in 

which  is  the  equation  of  an  ellipse  re-  their  form  to  those  of  Aberration.    It 

ferred  to  its  centre.    Now,  as  we  have  is  necessary,  as  in  the  latter  case,  to  ef- 

taken  the  place  of  the  mean  pole  for  the  feet  a  transformation  in  the  formula  by 

centre  of  the  co-ordinates,  and  as  these  the  introduction  of  an  auxiliary  angle. 

Co-ordinates  give  the  place  of  the  appa-  which  we   will  call  n*     The  formulae 

rent  pole  referred  to  it,  it  follows  that  already  obtained  for  the  nutation  in  right 

the  apparent  pole  describes  an  ellipse,  ascension  and  declination  may  be  thus 

round  the  mean,  as  stated  in  page  63.  expressed, — 

d  «  ss  —  m .  cos.  m  •  tan. ) .  cos.  SI  —  (y^  +  p  •  sin.  « .  tan.  I)  sin.  H 
d  )  ss  m .  sin.  • .  cos.  $2  — *  p .  cos.  « .  sin.  $2, 

when  m,  n,  and  p  stand  for  the  different  numerical  constants  employ^  in  page  159. 

^  n.  +o  .sin. «  .tan.' J 

Let  us  assume  cot.  n  a  -— ; — -— r--x — 

m  •  COS.  » •  tan.  i 

•,  d»  »  —me COS,  M  •  tan. )  {cos.  Q  +  cot.  n •  sin*  S2} 

^  (cos.  SI  •  sin.  «  +  sin.  8  .  cos.  nl 
M  •»  m  •  008.  a .  tane  *  i r-^ i 


sin.  n 


••  «•  •  cos.  M  •  tan. « « . 


sm.  9 


Now  we  m^  remark  here^as  we  did  in  the  case  of  Aberration,  that  the  angle 
9  ana  tne  coefficient  -  m  *  cos,  • ,  tan,  >  are  constant  for  the  same  star,  at  least 
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for  many  yetw,  u  the  changes  of  the  right  ascension  and  declination  caused  by 
precession  are  very  smaU.  We  may  also  remark  that  the  nutation  in  riarht  as- 
cension will  be  greatest  when  sin.  (n  4-  ft)  =  i,  in  which  case 

,    _       m .  cos,  m .  tan.  ^ 
"^  ""  sin. « 

The  coefficient  then  of  our  general  expression  for  dm  in  identical  with  the  maxi- 
mum value  of  d  «. 

Let  us  now  take  the  expression  for  d  3.    It  is 

,  m  •  sin.  « •  cos.  8  —  p .  cos. « •  sin.  Q. 

Assume  cot. «/  *  5  •  cot.  • 

pi 

rf  J  =  m.  sin. ..  {cog.  8  -  ^  .  ^^  .  sin.  8  } 

I  tn     sin. «  J 

A  rf >  ^  w,  sin.  •  {  COS.  a  -.  cot. ,/ .  sin.  8} 

fft .  sin.  et 

Here,  as  before, .'  is  constant  for  tlie  same  star :  and  the  coefficient  *" '.  ''"'  * 

SIQ    H 

i^presents  the  maximum  of  the  nutation  in  declination. 

In  order,  then,  to  form  Tables  of  Nu-  taore  than  a  few  years,  while  near  the 
laiion  for  the  principal  fixed  stars,  we  Equator  they  may  be  used  without  al- 
calculate  for  each  star  the  two  angles  n  teration  for  half  a  century.  The  reason 
and  n ,  the  logarithms  of  their  sines,  as  of  this  difference  will  be  explained  when 
well  as  those  of  the  two  maxima,  and  we  come  to  treat  of  the  formula  for 
an-ange  them  in  tables.  The  calculator  precession.  Under  these  circumstances 
who  wishes  to  determine  the  nutation  of  de  Zach,  and  other  Astronomers,  have 
any  starm  right  ascension,  for  example,  given  special  tables  of  nutation  for  the 
tmds  m  the  table  y,  to  which  he  adds  ft  Polar  star,  and  A  Urs»  Minoris,  stars 
(taken  from  the  Nautical  Almanac) ;  in  much  used  in  astronomy  for  the  deter- 
the  tables  of  logarithmic  sines,  he  finds  mination  of  latitudes  and  other  pur- 
the  loganthm  of  the  sine  of  {  h  +  R I ;    poses. 

to  this  be  adds  the  logarithm  of  tne       Some  difference  exists  among  astro- 
maximum  which  he  finds  in  the  tables    nomers  as  to  the  exact  value  of  the 
of  nutation,  and  subtracts  the  logarithm    principal  constant  of  nutation,  or  the 
of  the  sine  of  w,  which  he  finds  in  the    aemi-axis  major  of  the  ellipse,  of  which 
same  tables.    He  proceeds  in  a  similar    we  have  frequently  spoken.    Bradley 
manner  for  the  declination.  '  By  this    estimated  it  at  9"*0 ;  Mayer  at  9"*65 ; 
means,  the  calculation  of  nutation  is    Maskelyne  9"-55  ;  von  Lindenau  from 
most  essentiallv  abridged ;  and,  conse-    observations  of  the  polar  star  during 
Quently,  several  Astronomers  have  pub-    three  revolutions  of  the  lunar  nodes,  at 
hshed  tables  on  the  principles  just  laid     8"-977;  Dr.  Brinkley,  by  the  observ- 
down.  of  the  nutation  of  a  large  number    ation  of  1618,  different  stars  at  9"-25. 
of  fixed  stars.    The  most  remarkable  of    Observations  of  the  pendulum  bring  it 
these  are  the  Tables  of  Nutation  and    down  to  8"-6.    According  to  La  Place 
Aberration  for  1404  stars,  by  the  Baron    the  chances  are  21406  to  one  that  this 
de  Zach,    But  it  is  to  be  borne  in  mind    coefficient  is  not  less  than   9"'31,  or 
of  these,  and  all  similar  tables,  that  they    greater  than  9"'94. 
will  only  serve  for  a  limited  number  of       To  give  an  idea  of  the  way  in  which 
years,  as  in  fact  the  tangents  of  n  and  i/,    the  constant  of  nutation  may  be  deter- 
as  well  as  the  maxima,  are  not  constant,    mined,  we  must  recur  to  the  expression 
since  the  right  ascensions  and  declina-    for  the  nutation  in  dedination,  page 
tions  which  they  involve  are  not  con-     159;  it  is 
stant.    The  length  of  time  for  which  ^  .  sin.  j» .  cos.  « +  ^  .  sin.  «. 

.  ^^4?*^  }^f  considered  as  invariable.  Now  the  theory  of  gravitation  shows 
Sni^t!^"^*  for  different  stars :  near  the  that  ,;.  =  -.  2  m  .  sin.  «  .  cot.  2  -.,  and 
fnJ  #k  ♦  ^^*^*°  n  "  J^^  considerable,  ^  =  j»  .  cos.  8  ,'where  m  is  an  unknown 
ana  uio  tables  will  not  be  seniceable  for    constant.    As  for  any  particular  star, 
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the  right  ascension  is  found  from  the  it  is  always  the  supplement  which  is 
catalogues ;  and  as  the  obliquity  of  the  given  in  the  tables  and  ephemerides.  It 
ecliptic  is  known,  or  may  be  determined  is  also  more  convenient  to  divide  the 
by  independent  methods,  every  thing  is  circle  into  1000  than  into  360]  parts ;  & 
known  m  the  expression  except  the  co-  simple  proportion  enables  us  to  turn 
efficient  m :  let  us  call  then  the  whole  degrees,  &c.,  into  thousandths  of  a  cir- 
expression  m  Q,  where  Q  is  a  known  de.  We  find  in  this  way  that  the  sup-^ 
quantity.  Let  us  suppose  now  that  plementof  the  longitude  of  the  node  for 
having  calculated  Q  for  a  given  star,  the  beginning  of  1830  is  519*38;  the 
we  observe  the  meridian  altitude  of  that  annual  motion  53*7269,  the  diurnal 
star;  this  meridian  altitude,  corrected  0*147098.  Thus,  if  we  call  the  number 
for  refraction,  will  give  us  the  apparent  of  years  from  1830,  t,  and  the  nun^ber 
declination.    We  will  also  correct  the    of  days  from  the  beginning'^of  the  year, 

apparent  declination  for  precession  and  /;  then  the  supplement  of  the  longitude 

aberration,  which  are  supposed  known,  for  a  given  day,  expressed  in  thousandths 

Then  the  true  declination  will  equal  the  of  the  circumference,  will  be 
apparent  declination  thus  corrected,—       51 9.38   1  53.7269  .  t  +  0-14798  ./. 

nutation  in  declination.    Call  the  true  ^  ^    .     1  , 

declination  a,  the  apparent  declination  ^^^  Y^Tl  "»t«"or  to  1830,  t  must  be 

corrected  for  precession  and  aberration  *»*?»  ?*^»  ™  "i*^"^®  **8n-  ,  , 
),  then          A  =  )  -  m  Q.  Having  sufficiently  discussed  the  sub- 

'  Suppose  now  the  same*  star  be  ob-  J«ct  of  NuUtion,  we  shidl  now  resume 

served  again  on  another  day,  the  true  *1|«  consideretion   of  Precession,   and 

declination  remains  the  same.    Let  the  f**®?  ^^Y  ^^  ®f^**  "5^  ^^  ^?^ 

apparent  declinaUon.  corrected  as  before,  i*^«^  *??  ~|?'^«  for.    In  what  has 

be  y,  and  Q'  the  coefficient,  then  *>««"  '^^  lutherto,  we  have  taken  no 

notice  of  a  slow  change  in  the  obliquity 

A  =  y  —  m  Q'  of  the  ecliptic  which  complicates  the 

•*.  J  -  y  =  »» .  (Q  —  QO  .  results.    In  speaking  of  precession  we 

3  _  y  have  considered  merely  the  general  mo- 

•*•  **  ~  o — O'*  ^^^^  ^'  ^^  **"*  ^"  longitude,  whDe  their 

^  ""  ^        '  latitudes  were  suppos^  to  remain  un- 

By  repeating  these  observations  we  may  altered.      But   the   attraction   of  the 

multiply  indefinitely  equations  of  this  planets  upon  the   terrestrial  spheroid 

form,  and  the  mean  will  give  us  m  with  causes  a  displacement  of  the  ecliptic, 

all  desirable  accuracy.    It  was  by  ob-  which  would  not  .take  place  were  the 

servations  of  this  kind  on  the  pole  star  earth  perfectly  spherical.    The  angle  at 

that  vonLindenau  found  for  the  con-  which  the  ecliptic  is  inclined  to   the 

stant  of  nutation  8"*977.  equator  experiences  a  slow  diminution. 

It  may  be  as  well  to  explain  here  how  the  effects  of  which  are  certainly  small, 

the  are   S^  is  calculated.    The  lunar  but  which  it  is  necessary  to  take  into 

theory  teaches  us  that  the  node  retro-  account  and  to  allow  for  in  very  aocu- 

grades  annually  19^.20'.  30",  or  in  rate  calculations.    In  fact,  this  diminu- 

othcr  terms  19°-34166.    We  also  know  tion  is  so  small  that  its  existence  was 

that  on  the  1st  of  Januanr,  1830,  the  long  contested,  but  it  is  now  established 

^ngitude  of  the  node  was  5*.23M"*18.  as  well  by  theory  as  direct  observation. 

By  subtracting  from  this  arc  the  annual  The  problem,  we  shall  first  consider, 

retrogradation  taken  1, 2, 3  .  .  .  .  times,  however,  is  to  calculate  the  effects  pro- 

we  shall  have  the  longitude  of  the  node  duced  on  the  right  ascension  and  de- 

at  the  commencement  of  the  successive  clination  in  a  few  years  merely,  and  for 

years  1831,  1832,  1833  ....  and  we  this  purpose  we  may  suppose  the  ob- 

may  find  the  longitude  for  any  day  of  liquity  of  the  ecliptic  constant.  We  may 

these  years  by   subtracting  again  so  also  suppose  the  increase  of  longitude, 

many  times  the  daily  retrogradation,  or  or  the  absolute  quantity  of  precession 

3'  .10".  64  =  0°*052955.     It  is  found,  constant,  though  m  fact  this  quantity 

however,  in  calculation,  that  addition  is  varies  very  slowly  from  year  to  year, 

always  more  easy  than  subtraction.   As  We  may  now  proceed  as  m  finding  the 

the  longitude  of  the  node  decreases,  the  nutation,  by  taking  the  formulae  which 

. — u*«^«*  ^*  *u:-  , — :.„^-  . o  .  ..      ...  ^  dedina- 

and  lati- 
tude,  and  ascertaining  the  changes  pro- 
node  in  longitude,  to  add  the  supplement  duced  in  them  by  a  small  variation  in 
Of  the  node's  longitude;  consequently  the  longitude  only.  Thus  we  found  from 
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tin. )  a  sin.  v,  cot,  f*  sin,  fi  +  cos. «.  tin.  # 
by  tuppoting  ^  to  become  y.  ivhen  fi  became  pf,  that 

y  -  )  or  (I)  =  ^^.  sin. «.  cos. « 
and  again  from 

.  tan.  I.  sin.  «  +  sin.  /s.  cos.  u 

xan. »  =  —     ■   ■    ■■ ^ 

cos,  A 
that 

dm  =s  ^,  {cos.  i#  +  sin.  «>.  sin. «.  tan. )} 

In  these  expressions  ^^  and  the  angle  «  are  supposed  constant  :'-let  us  call 
^ .  cos. «  s  m,  and  ^ .  sin.  m  -  n,  then 

(f «  =  m  +  n.  sin.  «.  tan.  )* 
cf )  =  n  cos.  « 

According  to  the  best  modem  determinations,  if  we  call  t  the  number  of  years 
elapsed  since  1750, 

m  =  46"02824  +  0"*0003086450-/ 

n  =  20  *06442  -  0  '0000970204'^ 


The  smallness  of  the  coefficients  of  t 
ahows  sufficiently,  that  for  at  least  ten 
years,  (even  for  purposes  where  the 
greatest  exactness  is  required)  that  m 
and  n  are  sensibly  constant.  In  re- 
searches of  less  nicety,  a  longer  period 
may  be  assumed :  in  fact,  in  thirty  years 
the  difference  will  not  exceed  a  hun- 
dredth of  a  second:  so  that,  for  the 
ordinal^  purposes  of  astronomy,  we 
may  fairly  assume  m  and  n  as  constant 
/or  half  a  century. 

It  is  easy  to  see  how  m  and  n  may  be 
deduced  from  observation.  Suppose 
the  right  ascension  and  declination  of 
any  star  to  be  ol>served  at  epochs  dis- 
tant by  an  interval  of  ten  years:  the 
tenth' part  of  the  variations  observed 
will  give  the  respective  changes  for  one 
year.  Thus  da  and  d)  are  known  in 
our  expressions  for  the  annual  variation, 
^ given  above :  and  everything  is  known 
'  m  our  two  equations  except  m  and  n, 
which  may  be  found  I7  tne  ordinary 


methods.  It  is  sufficiently  evident,  that 
by  employing  a  considerable  number  of 
stars,  these  quantities  may  be  found 
with  great  accuracy.  But  m  =  ^^.  cos.  •» 
and  n  =  ^^.  sin.  « ;  hence  the  annual 
precession  and  the  obliquity  of  the 
ecliptic  may  be  found :  but  it  is  the  for- 
mer quantity  alone  that  is  usually  the 
subject  of  these  researches. 

llie  constant  -^^  thus  determined, 
gives  us  the  effect  of  the  whole  or 
general  precession :  that  is,  the  motion 
which  results  from  the  combined  effects 
of  the  variation  of  the  obliquity,  and 
of  tiie  general  motion  of  the  stars  in 
longitude.  The  former  is  caused  by 
the  attraction  of  the  planets  upon  the 
spheroidal  figure  of  the  earth ;  the  latter 
by  the  attraction  of  the  sun  and  moon 
only ;  it  has  thence  obtained  the  name 
of  liunisolar  precession.  It  is  easy  to 
see  how  the  variation  of  obliquity 
modifies  the  lunisolar  precession. 


i^.44. 


m 


*  For  ttan  netr  the  pole,  whoM  declination  Is 
very  coosiderabte»  Un.  )  increases  so  rapidly  with 
■mall  changes  in  ^  that  the  annual  Tariation  In 
right  ascension  cannot  be  regarded  as  constant 
even  for  a  small  period  of  years.  This  Tariailon 
must  either  be  calculated  from  year  to  year  wfth 
corresponding  new  values  of  «  and  ^  or  It  roust  be 
found  by  taking  into  account  the  second  differences 
inthe  variations.  If  we  differentiate  the  expressions 
already  obtained  for  d»  and  rf^,  and  multiply  by 
sin.  1",  to  get  the  result  in  seconds  of  arcs,  we  shall 
have  for  the  second  differences 


d^t 


-{ 


d  «.  tan.  )  +  M<  *tn>  * 


} 


d, ).  sin.  1' 


cos.) 
d  S)  =  -  «  sin.  «,  d  ».  sin.  I'' 

It  Is  farther  to  be  observed,  that  in  the  catalogues 
of  stars,  and  the  right  ascension  and  its  variations 
are  generally  given  In  tinte,  not  in  space ;  the  c)y> 
cumference  being  divided  into  24  hours  instead  of 
S60  degrees.  The  values  then  of  d  «  and  d*  f 
must  be  expressed  in  time,  which  Is  done  by  di- 
viding them  by  16 :  since  lb°  are  equivalent  (o 
one  hour. 
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Let  a  g  be  the  ecliptio  (fi^.  44), /gr 
the  equator  at  a  given  epoch.  At  the 
end  of  /  years  from  this  time,  the  ver- 
nal equinox  g  has  moved  io  h\mh  will 
be  the  second  position  of  the  equator : 
g  h  will  be  the  lunisolar  precession :  the 
effects  of  nutation  are  supposed  to  have 
been  already  allowed  for,  and  are,  there- 
fore, not  taken  into  account  here,  as  we 
are  only  comparing;  the  mean  positions 
of  the  equinox  and  equator.  Now,  the 
action  of  the  planets  displaces  the  eclip- 
tic g  a  by  a  small  quantity,  and  at  the 
end  of  t  years  has  brought  it  into  the 
position  o  g.  The  new  equator  h  m 
cuts  the  new  ecliptic  under  the  angle  n, 
and  the  old  ecliptic  a  g  under  the  an^le 
a/,  which  differs  by  a  small  quantity 
from  the  old  angle  «.  Thus,  qp  is  the 
new  vernal  equinox,  and  a  the  new 
obhquity.  The  longitudes  and  right 
ascensions  were  originally  counted  f^m 


g  towtidfl  a  and  towards/;  they  are 
now  counted  from  qp  towaxdi  b  and  to- 
wards m.  On  qb  take  g  n  equal  to  ^  g, 
pp  n  will  be  'the  total  precession,  whidi 
is  evidently  less  than  ^  A,  the  lunisolar 
precession* 

In  comparing  the  positions  of  stars  at 
very  distant  periods  of  time,  it  is  abso- 
lutely necessary  to  allow  for  the  change 
in  the  obliquity  as  well  as  that  in  lon- 
gitude. The  method  of  doinf  this  is  as 
follows.  The  position  of  the  star  at 
some  given  epoch,  as,  for  example,  the 
year  1750,  is  known ;  that  is,  its  right 
ascension  and  declination  are  giten  in 
the  catalogue.  The  obliquity  of  th6 
ecliptic  for  the  same  year  is  also  known. 
With  these  data  we  can  calculate  the 
longitude  and  latitude  of  the  star  for 
the  epoch  in  question.  This  is  done  by 
means  of  the  formulae- 


sin.  ^  s  —  sin.  u.  cos. }.  sin.  »  -J>  ^^^'  *'  *^"*  ^ 

.       .      tan.  i.  sin.  m  •4-  sin.  «.  cos. « 
tan.  fi  = -^ 


cos.  •• 


Fig.  45. 


tan. 


tan.  •.  sin,  (x  -f"  *') 


Having  thus  found  the  longitude  and 
latitude  for  the  epoch,  fi  and  4,  we  add 
to  fi  the  arc  ^p,  which  is  the  precession 
for  the  given  interval  along  tne  ecliptic 
of  1760  considered  as  invariable,  and 
corresponds  to  ^  A  in  our  figure.  Acp 
cording  to  the  best  authorities, 

mu         J                  *:ru-       ir#*i.  V*  =  50."37572./ -  0"00012l7945f« 

The  reader  may  satisfy  himself  of  the  ^rhere  t  expresses  the  number  of  years 

accuracy  of  these  formulse  by  consider-  counted  from  1 750.    We  must  now  cal- 

mg  the  sph^ical  triangle  pp'  *  where  culatethe  new  obliquity  of  the  equator 

»  represents  the  pole  of  the  equator,  p'  to  this  same  ecliptic,  or  the  angle  J  in 

the  pole  of  the  ecliptic,  s  the  place  of  the  qq^  figure     Now 

star :  p  *  =  90°  -  5  p'  s  =  90°  -  j,  \f  J  ,  +  o-  00000984233<«      . 

^^\TVJ  ^f'"^!^  +  M  ^-^  Z*"  ^^  a-nd  •^  which  is  the  obliquity  of  the 
recollected  pp^  is  necessarily  m  the  sol-  ecliptic  for  1750  =  23°  28'  1 S''.  Then, 
stitial  colure),  pp^  «=  90  -  /3.  ^^^^  ^^e  longitude  /3'  =  /3  -f  V^,  the  lati- 

tude  4,  and  the  obliquity  J  we  must 


Assume  tan.  x  = 


sin. « 


calculate  the  right  ascension  and  decli- 
nation of  the  star  with  reference  to  the 
new  position  of  the  equator  m  h.  We 
will  call  these  new  coordinsces  «'  and  y. 
They  are  obtained  from  I'ormulae  ex- 
actly analogous  to  those  whioh  we  have 
abready  had  occasion  to  employ.    . 


tan.  3 
Then  by  substituting  for  sin.  «.  in  the 
preceding  equations,  the  value  tan.  ;^. 
tan.  ^,  we  get 

sin.  i  =  g^"*  ^'  <^QS-  (x  +  ^) 
cos.  X 

sin.  y  =  sin.  •'  cos.  4.  sin.  /a'  -J-  cos.  •/.  sin.  A 

and  tan  ^  =  —  ^^"'  ^'  ^'^'  '^  "f"  sin,  ff^  cos.  </ 

""  cos.  jS' 

These  formnlaB  are  deduced,  exactly  as  those  above,  from  consideration  of  tiie 
spherical  triangle  pi/*  between  the  poles  of  the  equator  and  ecliptic  and  tile 
place  of  the  star.   To  adapt  them  to  logarithmic  computation,  assume 
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.  .tin  It 

nn.  y  s  001.  ^  {tin.  J,  lin.  fi  •(»  oos. «/.  tan,  ^} 
-  coi.  *{«n.  •'.  .in.  fl^  +  ^-^fj^] 
.  CO..  /.:«n.  ^|«i"-*.^>"'V£c^->^.w«.>/l 

COS.  ^  tan.  a/»  t*n,  ^  cos,  (a/  -  •/) 

Sin,  V 
sin.  #.  COS.  i^  -^  «^) 

COS.  X 

in  f  abstitttting  in  the  second  formulss  for  tan.  $  its  value* 
,        ,  sin.  a^.  sin.  jB'  +  sin.  ff  cos,  1/ 


COS.  /^. 

sin 


.««.Man)MiP4»# 


^,  f     sin,  d/.  COS.  x'+  <50'*  •'•'  «"•  ^l 
"•  '^  { co^  ff.  .in.  :y ] 


Sin.  ;e 

We  know  in  this  way,  J  and  /3'  the  muln  already  employed  for  such  pur« 

right  ascension  and  declination  referred  poses.    In  all  the  roregoing  expressions, 

to  the  new  equator  m  A.    But  the  for-  it  is  necessary  to  attend  to  the  sign  of 

mer  is  counted  from  the  equinoctial  i^  making  it  negative  for  years  anterior 

point  A,  while  the  equinox  is  really  at  cy>.  to  1750,  positive  for  years  posterior  to 

The  arc  CY3  A  represents  the  motion  of  that  time. 

the  equinoctial  point  in  right  ascension.  An  example  will  illustrate  the  prin- 

It  is  necessary  to  subtract  this  arc  from  ciples  here  laid  down,  and  at  the  same 

the  right  ascension  of  the  star  just  cal-  time  show  how  the  theory  of  precession 

culated  to  get  its  true  value.    Now  the  may  be  applied  to  test  the  authenticity 

arc  qp  A  is  thus  estimated.  Trom  h  draw  of  ancient  observations.    According  to 

A  p  perpendicular  to  g^6 ;  the  triangle  certain  Chinese  authors,  it  appears  that 

cy)  A  o  may  be  considered  as  rectilinear ;  Tcheou-Kong,  regent  of  China  about 

fortne  angle  at  9  is  very  smaJI,  even  the  year  1100  before  Christ,  observed 

after  the  lapse  of  a  great  many  centu-  the  position  of  the  winter  solstice,  and 

ries.     Solving,  then,   this  triangle  as  found  that  its  right  ascension  exceeded, 

rectilinear,  we  have  by  two  Chinese  degrees,  the  right  asoen^- 

^x.       ^Pu4            he  -  cpn  sion  of  the  constellation  NO,  which  oon- 

^  '*  '^  CosTo'  ''"*^P  =     c5S7o~  •teUation  begins  with  the  star  that  the 

'  moderns  have  named  <  AquariL    Now, 

ar^  -  v^  ^yfQ  Chinese  degrees  are  equivalent  to 

cos.  n  lo  5g/  ipt  q{  oqp  divifion  of  the  circle, 

when  ^  represents  the  lunisolar,  and  >f '  The  right  ascension  of  the  winter  solstice 

the  general  precession,    According  to  >•   270°:    if   we    subtract  from   this 

Bessel,                                           *  1°  58'  17",  we  shall  have  268°  1'  43" 

. '     *A  //  <^m^mr^±      «.w  /»/»«,«  ^-/»^e  ^.  for  thc  right  asoension  of  i  Aquarii  as 

fiJ  ®"1k'^"^":'"  "' ,  """'''  ""^!S  «»«>P««"  our  ob«rya<ion  with  the  real 

t  tMing  the  number  of  year,  counted  right  ascenwon,  a.  detennined  by  our 

from  1750,  formulffl 

a o-"52n4<-0" 00000 272295<«  "  Accorfing  to   modem  catdogue.. 

Call  cp  A,  s,  then  J  - 1  will  be  the  right  at  the  beginning  of  the  year  1760,  the 

ascension  of  the  star  counted  from  the  longitude  of  i  Aquarii  was 

equinox  cya :  the  declination  is  V:  with  A  =  308°  14'  10'' 

these  quantities  and  the  obliquity  n,  we  Its  latitude  #  =      8°   6'  20" 

nay,  if  necessary,  calculate  the  longi-  To  find  the  precession  on  the  fixed 

tude  and  latitude  of  the  star  by  the  for-  ecliptic  of  1750,  we  must  put  in  the  ex^ 
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pression  for  yp,  t  s^  ^  2850,  times  ante-  Ihe  1st  of  January,  1600,  was  133^  26^ 

rior  to  1750  bein;^  considered  ne^tive:  But  if  it  were  really  in  the  pole  of  the  equa- 

•^  thus  becomes  -  40®  2'.  43".    In  fact,  tor  at  the  time  of  Eudoxus,  the  circle  of 

it  is  evident  that  for  times  before  the  latitude  which  passes  through  it  must  at 

epoch  selected,  the  precession  must  be  that  time  have  passed  through  that  pole : 

subtracted  from,  instead  of  added  to,  consequently,thestar  must  have  been  in 

the  longitudes.     Consecjuently  x  +  ^  the  great  circle  passing   through  the 

=  278.  II.  27  :  with  this  new  value  of  poles  of  the  equator  and  the  ecliptic, 

the  lonc^itude,  with  the  latitude  4,  and  which  great  circle  is  called  the  solstitial 

the  obliquity  •/,  calculated  by  our  for-  colure.    The  longitudes  being  counted 

mulffi,  we  shall  find  the  value  of  the  from  the  equinox,  which  is  90^  from 

right  ascension  268°  8'  31".    We  must  the  solstice,  it  follows  that  the  longitude 

1    1  4      .#        ,  ^  —  -^  of  the  star,  when  in  the  pole,   must 

now  calculate  .//,  and     ^^^  ^   =   -  have  been  90°,-  the  difference  between 

0®  42'  4t"-5.   This  being  the' motion  of  this  and  133°-26  is  43o  26'.    To  find 

the  equinoctial  point  is  to  be  subtracted  oxit  when  this  took  place,  we  must  di- 

from  the  right  ascension  above  obtained,  vide  this  quantity  by  the  amount  of  the 

and  we  shall  ultimately  get  the  right  yearly  precession,  or  60^'-23.    This  di- 

ascension  of «  Aquarii  fdr  the  year  1100  vi^on  gives  us  3 11 0  years  for  the  epoch 

before  Christ,  referred  to  the  real  equi-  i"  question,  or,  as  these  are   to   be 

nox  =  268*^  51'  16".    This  surpasses  counted  from  the  year  1800  after  Chnst. 

by  49' 33"  the  determination  attributed  1310  years  before  Christ    We  know, 

to  Tcheou-Kong.      The  difference  is  however,  fi-om  other  sources,  that  Eu- 

very  trifling,  considering,  in  the  first  doxus  lived  about  400  B.C. :  it  appears 

place,  the  difficulty  of  making  the  ob-  then  that  he  could  not  have  described 

servation,  and  in  the  second,  the  uncer-  the  state  of  the  heavens  as  it  appeared 

tainty  in  which  we  are  as  to  the  exact  in  his  lime,  but  that  corresponding  to  a 

lime  in  which  Tcheou-Kong  flourished,  period  anterior  by  nine  centuries.    It  is 

Were  we  to  carry  this  date  half  a  cen-  true  that  our  calculations  have  been  of 

tury  farther  back,  the  whole  difference  »  very  rough  kind,  as  we  have  sup- 

would  be  removed.  posed  the  precession  uniform,  while,  on 

Other  observations  made  by  the  same  the  contrary,  we  know  it  to  be  subject 

prince   give   for  the  obliquity  of  the  to  a  small  secular  variation ;  but,  on 

ecliptic,  asobservedbyhim,  23053' 47".  the  other  hand,  any  greater  degree  of 

Now,  according  to  our  formulae  for  the  nicety  would  be  misplaced,  as  by  the 

law  of  the  diminution  of  the  obliquity,  the  naked  eye  the  position  of  the  pole  could 

value  in  the  time  of  Tcheou-Kong,  sup-  not  be  determined  veiy  exactly. . 

posed  to  be  1100  B.C.,  was  23*^  49'  2":  In  ^act,  it  appears  that  the  star  » 

the  difference  is  4'  5" :  which  is  really  Braconis  never  has  been  in  the  pole  at 

surprisingly  small,  ^considering  the  na-  ^*   ^  may  be  easily  shown.    To  do 

ture   of  the   instrument   employed,  a  this,  we  must  ascertain  its  declination 

vertical  gnomon  of  eight  feet.  when  in  the  solstitial  colure ;  for  it  is 

Thus  also,  it  is  stated,  that  Eudoxus,  a  only  when  in  this  colure  that  it  could 

Greek  astronomer,  who  lived  about  four  ^^^e  been  in  the  pole,  and  its  declina- 

centuries  before  Christ,  had  observed  tion  at  that  moment  should  be  90°.  Now 

that  in  the  celestial  sphere  there  was  a  we  may  suppose  the  latitude  of  the  star 

star  which  corresponded  to  the  pole  of  >n  the  year  1310  B.C.  to  be  sensiblv  the 

the  equator.  It  could  not  have  been  the  ««ne  as  at  present,  that  is,  =  61   44  • 

star  now  called  the  polar  star,  which  at  ^t  this  time,  the  circle  of  latitude,  bemg 

that  time  was  far  removed  from  the  ^n  the  colure,  and  consequently  perpen- 

pole.    From  what  we  have  already  said  dicular  both  to  the  equator  and  ecliptic, 

about  precession,  the  reader  is  aware  was  a  circle  of  declination  also.  If,  then, 

that  the  pole  of  the  equator  moves  in  a  we  add  to  the  latitude  the  obliq^uity  of 

circle  parallel  to  the  ecliptic,  round  the  the  ecliptic,  we  shall  get  the  declination 

pole  of  the  latter.    We  must  then  look  required.     Now  the  obliquity  of  the 

along  this  parallel  to  see  what  stars  are  ediptic  at  that  epoch  was  23°  55',  very 

situated  near  it:    we  shall  find   that  nearly,  adding  this  to  61*^44'  we  get 

there  is  but  one  sufficiently  briUiant  to  85°  39';  the  star,  consequently,  when 

have  been  observed  in  those  days,  when  nearest  to  the  pole,  was  considerably 

the  use  of   telescopes  was   unknown.  ^^^^  ^^an  four  degrees  distant  from  it 

This  star  is  «  Draconis.  According  to  our  Generally     speaking,     calculations 

catalogues,  the  longitude  of  this  star,  on  founded  on  the  motion  of  the   stars 
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caused  by  precession  are  of  erreat  use  in 
chronological  inquiries.  They  afford 
means,  as  also  do  solar  and  lunar 
eclipses,  of  verifying  many  important 
dates.  The  ancients,  who  did  not  enjoy 
the  advantage  of  an  uniform  chronolo- 
gical system,  such  as  we  possess,  fre- 
quently had  recourse  to  astronomical 
phenomena.  They  were  in  the  habit 
more  particularly  of  referring  to  what 
are  called  the  heliacal,  cosmical,  and 
acronycal  risings  of  certain  stars ;  and 
not  merely  are  these  used  by  historians, 
(as  when  Thucydides  refers  an  event  to 
the  heliacal  rising  of  Arclurus,)  but 
the  poets  teem  with  allusions  to  them ; 
so  much  so  that  many  passages  must 
be  unintelligible  without  we  know  the 
times  at  which  certain  stars  or  constel- 
jations,  more  particularly  Capella,  Arc- 
lurus, the  Pleiades,  Orion,  rose  and  set 
heliacally  and  acrooycally  at  those 
times  and  for  those  countries.  But  it  is 
necessary  to  explain  the  terms  of  which 
we  have  just  been  making  use. 

A  star  is  said  to  rise  or  set  cosmically 
when  it  rises  or  sets  in  the  morning,  at 
the  instant  of  sunrise. 

It  is  said  to  rise  or  set  acronycally  when 
it  rises  and  sets  the  instant  of  sunset. 
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It  is  said  to  rise  heliacally  when  it 
appears  in  the  morning  on  the  horizon 
a  little  before  the  sun ;  and  to  set  helia- 
cally when  it  sets  in  the  evening  a  very 
little  after  him.  It  may  be  estimated 
that,  in  general,  stars  are  not  visible 
till  the  sun  is  at  least  120  or  15^  below 
the  horizon  at  the  instant  of  thei^  fising 
or  setting;  consequently,  the  cosmical 
rising  precedes  by  1 2  or  1 5  days  the  heli- 
acal rising  (since  the  ftun  moves  through 
about  a  degree  a  day) ;  and  the  heliacal 
setting  precedes  the  acronical  setting  by 
about  the  same  time.  It  is  the  heliacal 
rising  which  seems  to  have  been  more 
observed  than  any  other.  Of  this  we 
may  give  one  memorable  instance  in 
the  fact  that  the  Egyptian  rural  year 
was  determined  by  the  heliacal  rising 
of  Sirius.  Thus,  the  age  of  Hesiod,  a 
disputed  point,  may  be  determined  by 
the  fact  that  he  mentions  that  Arcturus 
rose  heliacally  sixty  days  after  the  win- 
ter solstice.  It  becomes,  then,  a  matter 
of  some  interest  to  know  how  to  calcu- 
late these  phenomena  for  past  ages. 

The  problem  proposed  comes  to  this, 
to  find  the  point  of  the  ecliptic,  which 
is  about  1 2^  below  the  horizon  when  a 
given  star  1$  rising. 
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Let  E  be  the  vernal  equinox,  whence 
the  right  ascensions  and  longitudes  are 
counted.  Z  the  zenith,  P  the  pole  of 
the  equator  E  A,  and  ECS'  the  ecliptic. 
Let  Ii  y  Q  A  be  the  horizon,  the  plane 
of  which  is  supposed  perpendicular  to 
O  Z,  O  being  the  centre  of  the  celestial 
sphere.  Let  S  be  the  star  rising  helia- 
cally, while  S'  is  the  position  of  the  sun 
at  the  same  moment ;  £  A  is  the  right 
ascension  of  the  star ;  A  S  its  declina- 
tion ;  E  S'  the  longitude  of  the  sun  ;  we 
will  suppose  the  sun  to  be  12^  under  the 
horizon ;  the  arc  V  ^^  =  12°.  Of  course 
the  latitude  of  the  place  is  known,  and 


consequently  the  an^^le  made  bjr  the 
equator  with  the  horizon,  which  is  its 
complement ;  we  shall  call  this  angle  ^ : 
the  right  ascension  E  A,  and  declination 
A  S  of  the  star  are  supposed  known,  we 
shall  call  them  «  and  )*:  the  angle 
A  E  S'  =  the  obliquity  of  the  ecliptic 


=  •». 


*  «  and  ^  mast  be  determined  by  taking  tbeir 
▼alaes  from  a  modern  catalogue,  and  deducing 
from  theve  their  values  for  the  epoch. desired.  If 
the  epoch  he,  as  it  always  is,  a  very  distant  one,  we 
must  allow  for  the  inequalities  of  precession,  and 
the  Tariatlon  of  the  obliquity  of  the  ecliptic.  This 
will  be  done  by  following  the  methods  tlreKdy 
given  for  that  purpose.    See  page  166. 
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The  first  thing*  to*  be  Aovnt  is  to  find 
the  point  of  the  equator  Q,  which  is  in 
the  horizon  at  the  same  time  with  the 
star  S :  in  the  triande  A  Q  S,  the  angle 
at  A  is  a  right  angle :  AQS  ^E  Qh 

A  ^        tan.  S  A 

,'.   Sm.  A  Q    BB — 7r-2 

^       tan,  A  Q  S 
tan. ) 

MS.     ■ 

tan.  ^ 
Q  E  9  « -*  A  Q»  and  is  consequently 


known ;  it  is  the*  right  aaeention  of  the 
point  of  the  equator  which  rises  with  the 
star. 

We  must  now  determine  the  point  C 
of  the  ecliptic  which  rises  simultaneously 
with  the  ijoint  Q  of  the  equator.  Now 
in  the  triangle  £  Q  C  we  know  the 
angle  at  £  ss  «» :  we  know  the  angle  at 
Q  =:  ISO^'  —  ^,  and  the  side  £  Q,  which 
we  shall  call  of.  Calling  E  G,  /S,  we  have 
by  the  formulss  of  spherical  trigone* 
metiy, 


COtjS 


•*  cot.  ^.  sin,  «  +  cos*  M,  COS.  V 


sin.  1^ 


The  angle  at  C  is  determined  by  means  of  (he  formula 

COS.  C  =:  cos,  •'  sin.  p,  sin.  «  +  cos.  ^.  cos.  «• 

Now  the  angle  E  C  Q,  which  we  have  find  nearly  to  correspond  with  the  con- 
called  C  =  V  C  S' ;  and  tlie  angle  ditions.  A  great  nicety  is  not  to  be  ex- 
C  V  S'  is  a  right  angle,  V  8'  =  12%  con-  pected  in  these  calculations,  as  the  phe- 
sequently  nomenon  itself  of  the  heliacal  rising 

gjn,  12^  cannot  he  susceptible  of  being  observed 

sin.  C  S'  =  — ■■   p  with  great  precision.    It  must  evidently 

^  «.      ^  «.     .        .    'J?.*        , .  depend  in  part  upon  a  number  of  local 

Callmg  C  S',  (y,  and  addmg  /y  to  /J  we  and  accidental  causes,  among  which  the 

pet  the  whole  arc,  E  S',  which  is  the  transparence  of  the  air  and  the  extent  of 

longitude  of  the  sun  for  the  instant  of  ^^^  horizon  are  sufficiently  obvious, 
the  heliacal  rising  of  the  star  for  the 
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Annual  Parallax— Motion  of  the  whole 
solar  system  in  space — Double  and 
multiple  stars'^  Variable  stars — 
Nebulae, 


epoch  we  are  considering.  Now  this 
longitude  t)eing  known,  the  solar  tables 
will  give  us  the  time  of  year  correspond- 
ing to  it. 

The  problem  is  thus  completely  solv- 
ed, supposing  we  know  the  year  or 
nearly  so  in  which  the  heliacal  rising 

took  place,  and  only  wish  to  find  the  . 

time  of  the  year,  indicated  by  that  ris-  It  is  our  intention  to  treat  m  this  chap- 

ing*.     But  it  often  happens  that  we  ter  of  several  real  or  presumed  motions 

know  the  time  of  year  corresponding  to  of  the  fixed  stars,  which,  from  their  ex- 

the  heliacal  rising,  and  wish  to  deduce  treme  minuteness,  have  only  been  esta- 

from  this  the  date  of  events  connected  Wished  in  later  years,  and  some  of  which 

with  it,  as  in  the  case  of  Hesiod.  above-  still  remain  enveloped  in  doubt.    Wc 

mentioned,  who  has  given  us  the  time  shall  begin  with 
of  year  at  which  Arcturus  rose  helia- 

cally,  and  from  this  circumstance  it  is  Section  l.-— Annual  Parallax^ 
wished  to  deduce  the  time  at  which  the  The  nature  and  effects  of  annual 
poet  lived.  The  latitude  is  supposed  parallax  have  already  been  explained  in 
known  (m  the  case  of  Hesiod  it  is  that  page  153  ;  and  it  has  been  remarked 
of  Boeotia),  but  if  the  date  be  altoeether  that  the  subject  is  not  one  of  practical 
unknown,  we  must  calculate  the  nelia-  importance.  It  is,  however,  one  of  very 
cal  rising  (of  Arcturus)  from  century  to  great  interest  in  a  merely  scientific  point 
century  for  the  given  latitude,  making  of  view.  The  existence  of  some  paral- 
the  proper  allowances  for  precession,  lax,  were  our  instruments  fine  enough 
In  the  case  just  mentioned,  we  shall  find  to  appreciate  it,  cannot  be  doubted: 
the  phenomenon  comprised  between  the  yet,  from  the  days  of  Galileo,  the  un- 
years  900  and  1000  B.C.  We  must  remitting  efforts  of  astronomers  have 
then  calculate  for  950,  which  we  shall  led  to  no  decisive  and  satisfactory  re- 
suit.    We  no  longer  feel  this  as  a  fatal 

•  Af  when  Thncrdides  tells  us,  tbit  In  Uie  ic-  objection  to  the  Copemican  system : 

date,)  tbe  loTeitment  of  putna  wiw  comptoud  i.    "  .^annoi  ue  aeniea,  inai  in  earner 

aboattbeheuacai  rising  of  Arcturus.  timcs  it  must  have  been  felt  as  a  veiy 
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great  dilBeiittf*  In  Muduiig  Ibr  p»«  pliMof  a  rfar»1iM  already btm pointed 
raUax,  Bradley  ftll  upon  tba  dinoyery  out :  it  will  become  atill  clearer  on  com* 
of  aberration  and  natation;  and  tinea  paring  the  formulflD  for  both  of  theea 
hie  time»  from  the  perfection  of  inttru-  easee.  It  is  evidently  nnneoetsary  in 
ments,  numeroue  small  motions  have  the  case  of  parallax  to  take  into  account 
been  discoveredt  yet  the  question  of  the  small  eliipticity  of  the  earth^s  orbit ; 
parallax  remains  nearly  where  it  was.  we  shall  therefore  suppose  it  circular, 
uowever,  we.  perhaps,  need  not  yet  Call  the  distance  from  the  sun  to  the 
despair  of  final  success,  when  we  earth  r,  from  the  star  to  the  earth  r' ; 
consider  the  improvements  made  in  in*  and  the  longitude  of  the  earth,  as  seen 
struments,  and  in  the  methods  of  obser*  from  the'  sun,  ^ :  the  centre  of  the  sun 
vation,  during  the  last  fifty  years,  being  the  origin  of  the  rectangular  co- 
Should  our  progress  continue  to  be  as  ordinates,  let  the  axis  of  x  and  that 
rapid,  ere  the  close  of  the  century  we  of  y  be  in  the  plane  of  the  ecliptic, 
may  hope  to  ascertain,  by  actual  obser-  the  axis  of  x  passing  through  the  equi- 
vation,  the  existence  of  a  nhenomenon  nox,  that  of  z  perpendicular  to  Uiat 
which,  mathematically  speaking,  cannot  plane.  The  coordinates  of  the  earth, 
be  disputed.  It  is  of  importance  for  this  rr,  y,  r,  will  evidently  have  for  yalues 
purpose  to  be  in  possession  of  the  for^  x  =  r.  cos.  p  y  =  r,  sin.  p  z  =  0, 
mulffi  which  represent  the  effects  of  Let  now  the  cobixlinates  of  any  star  be 
parallax  either  in  longitude  and  latitude,  x',  y\  z' :  let  its  heliocentric  longitude 
or  in  right  ascension  and  declination.  and  latitude  be  /  and  x',  and  call  the 
The  difference  between  the  effects  of  projection  of  its  radius  vector  on  the 
annual  parallax  and  aberration  on  the  plane  of  the  ecliptic  e^*  then  evidently 

a/  =  e'  COS.  #',      y'  =  ^f  sin.  ^',      z'  =  ^'.  sin.  x'. 
If  now  f'  represent  the  distance  from  the  sun  to  the  star,  then 

'  =1^.  COS.  x' 

consequently,  eliminating  ^»  we  get 

x'  =  r'.  cos.  x'.  COS.  ^' 

y'  =  r'.'cos.  x'.  sin.  / 

z'  =  r'.  sin.  x' 
and  also  we  may  deduce  the  geocentric  longitude  and  latitude  of  the  star,  ^  and  x, 
by  the  formuhe 

tan^=  y'-y 
37  —  a? 

.    ,      $^ 

sm.  *  =  -s 

r 

z'  • 


V  (a?  -  a/)  •  +  (y  -  yO  ■  +  (-  -  «0  ■ 
Taking  the  first  of  these  two  equations,  and  substituting  in  it  for  x,  y,  x\  y', 
their  respective  values,  we  obtain 

x.^  A      r'.  COS.  X'.  sin.  ^  -  r.  sin.  p 

tan.  #   =    -; ; -; 1. 

r\  COS.  X'.  COS.  ^  -  r.  cos.  f 
I  .^  ^        sin.  p 


»  ♦.«  M  CO*.  *■''  Bin,  f 

cos.  X'.  COS.  ^ 

Now,  if  we  call  the  greatest  annual  parallax  «*,  we  shall  have  r  =  r'.  sin.  «*  or 

T 

p-  =  sin.  fr:  for  it  is  clear  that,  in  this  case,  a  line  drawn  from  the  star  to  the 

earth  will  be  perpendicular  to  the  radius  of  the  terrestrial  orbit 

sin.  ir.  sin.  a 

1  —  ^ 

COS.  x^  gin.  / 

.•.  tan.  ^  =  tan.  ^'. 

sin.  «*  COS.  6 
1  *-  ^ 


COS.  x'.  cos.^ 
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T^ow,  if  the  peateit  anVsual  parallax  V  exceed  two  i^econdsylhougfa  it,  perhi^ 

be  imperceptible,  then  v  =  0,  sin.  r  ^  0«  in  some  other  stars,  may  be  something 

•and  ^  s=  /,  or  the  geocentric  longitude  more.    Consequently  sin.  #  must  be  an 

of  the  star  is  equal  to  the  heliocentric,  excessively  small  fraction ;  and  we  may 

Bs  must  obviously  be  the  case.    If  ir  confine  ourselves  to  terms  involving  its 

exists,  we  know  that  it  must  be  exces-  first  power  onl^.    If  then  we  divide  out 

.sivelv  small :  in  «  LyrsB,  which  has  been  by  the  denommator  of  the  expression 

much  observed  with  a  reference  to  this  for  tan.  #,  confining  ourselves  to  such 

particular  object,  it  certainly  does  not  terms,  we  obtain 

tan.  4  » tan,  ^.{  l^ -j—. — ^ ^> 

t       '   cos.  X'.  sin.  r,  cos.  r  J 

sin.  «r.  sin.  (^  —  ^).  cos.  S 

sm,  (^  -  #^  = ;7^ i 

cos.  X'.  cos.  r 

4  -^  ¥  and  r  being,  as  has  just  been  explained,  extremely  small  angles,  we  may 
substitute  their  ratio  for  that  of  their  sines ;  and  also  on  the  right-hand  side  of  the 
equation,  we  may  suppose  ^  »  /,    Hence 

«>.  sin.  (^  ^  /) 

9  •*    ^   ss    •» 

cos.  X' 

Proceeding  similarly  with  regard  to  the  expression  for  sin.  x,  we  get  by  the  sub- 
stitution for  Xt  y.  j/  and  y' 

r'.  sin.  x' 


sm.  X  = 


^f/i  -  2  r  K  cos.  x'.  COS.  (^  —  •)  -|-  f« 

sin.  x' 


Vl  -  2  sip.  «•.  COS.  x'.  COS.  (^  -  ^)  +  sin. «  «• 

If  now  we  neglect,  as  before,  terms  involving  powers  of  sin.  r,  beyond  the  first* 
and  if  we  divide  out  on  the  right-hand  side,  we  get 

sin.  X  =  sin.  x'  {l  +  sin.  ir.cos.  x'.  cos,  (^  -  ^)} 
2  sin.  (  -"s —  )'  COS.  f     "T     \  =  «n.  #.  sin.  x'.  cos.  x'.  cos.  \jp  —  /) 

X  -  x'  is  a  very  small  angle  of  the  same  nates,  as  we  have  done  with  the  latter, 

order  as  «• ;  putting  as  before  the  ratio  Now,  here  it  is  to  be  remarked  that  the 

of  the  arcs  for  that  of  the  sines,  and  ^^eocentric  longitude  and  latitude  diffSer 

supposing  X  =  xMn  the  terms  which  from  the  heliocentric  only  by  the  paral- 

are  multiplied  by  «*  lax  itself;   consequently  we  may  use 

X  -  X'  =  r.  sin.  x'.  COS.  (^  —  /)  them  indifferently  one  for  the  other  in 

Jt  is  evident,  from  these  expressions,  the  expression  for  that  parallax,  as  we 

that  the  annual  parallax  in  longitude  is  are  confining  ourselves  simply  to  the 

nothing  when  sin.  (^  —  /)  =  0,  and  first  power  of  «-.    But  instead  of  the 

^  .  ^  ss  0  or  180^:  that  is,  when  the  longitude  of  the  earth,  as  seen  from  the 

star  is  in  conjunction  or  opposition  with  sun  ^,  we  must  introduce  the  longitude 

the  sun.    In  this  case,  tne  expression  of  the  sun,  as  seen  from  the  earth  O- 

for  the  parallax  in  latitude  acquires  its  Now  0  =  180® -|-^,  or  ^  =  0  -  180**; 

greatest  value,  «•.  sin.  x.    This  latter  and  substituting  for  ^,  we  have 

expression,  on  the  other  hand,  becomes  .     .^       y\ 

nothini;    when  cos.  f^  -   /)  =  0  or  #  -  /  =    '        ^^  ^  ^ 

^  _  /  S3  -j-  90^:    that  is,  when  the  cos.  x' 

arth,  seen  from  the  sun.  is  in  quadra-  ^  _  w *  «in  x'  ann  {/:\  -  ^\ 

tures  with  the  star,  and  at  that  time  the  ^  -  >•  -  -  «••  «»«•  ^  •  cos.  (0  -  n 

parallax  in  longitude  attains  ite  greatest  let  us  call  ^  -  /,  rf  ^,  and  x  -  x',  d  x : 

,  the  corresponding  expressions  of  d  ^, 

value  —  ,   .  and  dx^ss  caused  by  i^erration,  are 

To  compMe  the  expressions  we  have         ^i--  _  20^^  25.  cos.  (0  -  /)    . 
obtained  with  those  for  the  aberration  in         a     —  -  cos.  x' 

longitude  and  latitude,  it  is  necessary  to 

refer  the  former  to  geocentric  coordi-  d  x  5=  -  20"-25.  sin.  x'.  sin.  (0  -  O. 
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Now,  comparing  these  with  the  for- 
mulae for  parallax,  we  see  that  they  are 
just  the  inverse  one  of  the  other :  the 

Earallax,  either  in  longitude  or  latitude, 
eing  greatest  when  the  aberration  is 
least,  and  the  conyerse :  and  generally  as 
the  one  increases,  the  other  diminishes. 
To  make  them  agree,  we  must  change, 
in  the  formule  for  aberration,  0  into 

T,  sin.  m' 


0  +  90^.  This  19  in  accordance  with 
what  has  been  stated,  page  153.  By  this 
consideration,  we  may  ^et  the  effect  of 
parallax  in  right  ascension  and  declina- 
tion at  once :  we  have  only  to  substi- 
tute in  the  corresponding  expressions 
for  the  aberration  ©  -f-  90^  instead  of 
0.    We  shall  thus  have 


". ; ^  Sin.  (0  -  ^) 

sin.  yp.  cos.  V        ^^       ^' 


assuming 


And 


assuming 


tan.  ^^  =s 


tan.  a' 


cos.  ^ 


*,  cos,  of.  sin.  V    . 
cos.  V'' 
sin.  mf.  cos.  §t  -  cot.  y.  sin.  t» 

COS.  «' 


tan.  V^  = 


It  must  be  recollected,  that  in  these  comparable  to  cos.  x^    In  this  case,  # 

formulae  ^,  x',  »',  V,  represent  the  helio-  can  no  longer  be  taken  =  /  in  our  ap- 

centric  elements.     These  may  be  ol>  proximations.     It  results  from    these 

tained  by  taking  for  /  the  geocentric  remarks,  that  it  is  desirable  to  observe 

longitude  observed  at  the  syzigies,  that  stars  at  a  distance  from  the  ecliptic ; 

is,  at  the  instant  of  conjunction  or  op-  the  effiects  of   the    parallax    on    the 

position  with  the  sun :  and  for  xf  the  longitude  being  then  very  considerable, 

geocentrio  latitude  observed  when  the  There  may,  however,  be  other  cir- 

star  is  in  quadratures  with  the  sun,  cumstances  to  determine  our  choice :  it 

that  is,  at  90^  from  the  syzigies.    In  is  natural  to  presume  that  those  stars 

fact,  we  have  seen  that  in  the  first  of  whose  proper  motion  is  greatest  are 

these  situations  ^  s  /;    and  in  the  nearest  the  earth,  and  consequently  have 

second,  that  x  =  x^    "With  these  values  the  most  perceptible  parallax ;  and  these 

of  /  and  x^  and  the  obliquity  of  the  stars,  it  is  important  to  remark,  are  by 

ecliptic  «r,  which  is  known,  we  must  cal-  no  means  always  among  the  brightest 

culate  J  and  V^  This  remark  is  the  more  necessary,  that 

The  parallax  in  question  may  be-  many  have  thought  that  there  was  a 
come  much  more  apparent  in  one  strong  k  priori  probability  that  the 
of  these  elements  than  another,  on  ac-  brightest  stars  were  nearest  to  the  earth, 
count  of  the  constant  factors  which  Such  observations  as  have  been  hitherto 
enter  into  the  expressions,  and  augment  made,  however,  seem  unfavourable  to 
or  diminish  their  influence.  Thus  the  this  opinion,  as  we  shall  presently  show, 
parallax  in  latitude  being  generally  On  the  other  hand,  it  is  desirable  to 
^  r,  sin.  X.  COS.  (0  —  #0  it  is  greatest  avoid  stars  that  do  not  rise  sufficiently 
for  the  same  star  when  0  -  ^  s=  90^,  high  above  the  horizon  to  be  beyond  tlie 
m  which  case  it  becomes  -  «*.  sin.  x' :  effects  of  the  uncertain  and  variable  re- 
and  then  for  different  stars,  it  is  greatest  fractions  that  take  place  at  low  altitudes, 
when  x'  s  90^,  in  which  case  it  be*  The  ordinary  instruments  and  me- 
comes  «*•  But  this  limit  it  never  can  thods  of  observation  certainly  appear  in- 
exceed.  On  the  other  hand,  the  paral-  sufficient  to  settle  the  long  agitated 
lax  in  longitude  having  cos.  x'  for  a  question  of  parallax.  The  greatest 
divisor,  may  exoeed  ir  very  much:  it  amount  of  this  quantity  does  not  ex- 
increases  with  the  latitude.  But  ceed  2" ;  yet  we  can  hardly  be  certain 
we  must  not  conclude  that  it  would  of  the  place  of  a  star  to  one  or  two  se- 
l)ecome  infinite  when  x'  ==  90^,  that  is,  conds.  That  such  is  the  case  is  suffi- 
when  the  star  is  in  the  pole  of  the  eclip-  ciently  proved  by  the  difference  of  opi- 
tic.  Our  formulae  are  only  approxi-  nion  between  the  Astronomer  Royal 
mate,  and  they  have  been  deduced  on  and  Dr.  Brinkley  on  the  existence  of  a 
the  supposition  that  ^  -  /  is  very  small,  parallax  of  2'^  in  «  Lyrae.  When  two 
That  IS  no  longer  true  for  a  star  so  of  the  most  able  observers  of  the  day, 
near  the  pole  of  the  ecliptic,  that  the  furnished  with  instruments  of  the  most 
annual  parallax  sr  becomes  a  quantity  splendid  kind,  thus  disagr^,  it  is  pretty 
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0vident  that  recourse  mutt  b«  had,  if   while  the  miall  ones  keep  the  sama 
possible,  to  some  methods  of  still  greater    lative  positions  with  regaid  to  one  ano- 
nicety  for  the  detection  of  the  pheno-    ther,  wc  may  be  certain  that  these  latter 
menon  in  question.    For  stars  passing    are   really   inTariable,    and  that   the 
very  near  tiie  zenith  of  the  obsenreri    former  alone  is  in  motion.   This  motion 
the  instrument  called  a  zenith  sector,    may  be  the  result  of  two  combined 
which  will  be  hereafter  described,  may    causes,  parallax  and  the  proper  motion 
be  advantageously  employed ;    but  ita    of  the  star^    Parallax  having  an  annual 
use  is  limited  to  such  stars  which  may    fwriod,  the  proper  motion  may  be  dis* 
not  happen  to  be  desirably  situated  for  tinguished  from  it  by  comparing  obser- 
such  observations,  according  to  the  re*  vations  made  at  the  same  time  of  the 
marks  made  above  to  guide  us  in  our  year  in  different  years*.    This  motion 
selection.     Another  method  originally  once  determined,  the  effect  produced  by 
employed  by  Galileo  has  been  improved  parallax   on  the  declination  may   be 
upon,  and  used  with   much    success  easily  ascertained;  and  thus  d^  being 
lately,  by  a  French  naval  officer.  Count  known  in  our  formulae,  «*  or  the  whole 
D*Assas-Montdardier.    On  a  mountain  annual  parallax  may  be  easily  found* 
at  a  considerable  distance  from  his  ob-  By  applying  this  jmethod  to.  the  star 
■ervatoiy,  Galileo  placed,  at  a  few  feet  called  Kietd,  or  29  Eridani,  M.  D*Assas 
from  the  surface,  a  horizontal  beam,  found  its  annual  proper  motion  in  de- 
He  observed  with  his  telescope  certain  dination  4"'13;   its  absolute  parallax 
stars,  which,  when  on  the  meridian*  about  2".    This  result  is  confirmed  by 
appeared    Just   to    graze   this   beam,  the  observations  of  the  celebrated  Piazzi, 
From  the  great  distance  between  the  ob-  who  found  by  totally  different  methods 
server  and  the  beam  the  least  change  in  for  this  remarkable  star  a  proper  mo* 
the  altitude  of  the  star  would  make  it  tion  in  declination  of  3''*6.    Rigd  wai 
appear  either  to  pass  above  the  beam  found  by  M.  D*Assas  to  have  an  abso- 
witbout   touching    it,   or  to   become  lute  parallax  of  1"'43 ;  Sinus  of  l'''24. 
eclipsed  by  it ;    and  Galileo  satisfied  According  to  these  results  the  distance 
himself,  by  observing  the  sun  in  this  of  Keid  from  the  earth  is  about  one 
way,  that  a  change  of  less  than  one  hundred  thousand  times  the  rodius  of 
second  could  easily  be  appreciated.  the  earth's  orbit  round  the  sun,  which 
For  the  horizontal  beam  of  Galileo  radius  itself  a  95  piillions   of  miles. 
M.  D*Assas  de  Montdardier  substitutes  The  distance  of  Rigel  is  about  140,000 
a  triangle  in  a  vertical  plane  formed  of  times    that    radius ;   of  Sinus  about 
three  beams,  or  rather  three  bands  of  160,000.    Keid  is  the  one  of  the  nearest 
iron,  the  base  of  which  is  about  fifteen  to  us  [of  all  the  fixed  stars ;  yet  light, 
times  its  length.  This  triangle  he  places  which  ^oes  from  the  earth  to  the  sun  in 
in  the  meridian  on  a  mountain  distant  al)out  eight  minutes,  takes  a  year  and  a 
more  than  600  French  metres  from  his  half  to  pass  from  that  star  to  the  earth ; 
observatory.    It  is  evident  that  if  the  and  we  actually  might  see  the  star  for 
height  of  the  star  varies  in  the  least,  that  time  aAw  it  had  ceased  to  exist* 
that  a  great  variation  will  be  produced  ^Vell  might  La  Place  say  that   astro- 
in  the  time  it  takes  to  traverse  the  tri-  nomy  shows  man  his  own  greatness  in 
angle,  and  in  this  way  the  most  minute  the  smallness  of  the  base  which  has 
changes  in  the  meridian  altitude,  and  served  him  to  measure  the  universe, 
consequently  in  the  declination,  may  be 

appreciated.    The  method  pursued  by  Sicriow  IL— 0«  the  supposed  moHm 
M.  D'Assas  is  to  compare  the  variations  qf  the  Solar  System  in  Spaee. 

(obtained  by  this  method)  of  declination 

in  the  star  he  is  examining  with  those  It  does  not  seem  probable  that  while, 

of  12  or  15  small  stars  lying  very  near  ^  it  would  seem,  all  the  heavenly  bodies 

it*.    These  stars  being  very  small  and  ^^  *"  motion,  the  sun  itself,   whwh, 

faint,  may  be  supposed  to  have  neither  ^^m  analogy,  we  may  class  with  the 

proper  motion  nor  annual  parallax.    If  ^?^^^  stars,  should  be  at  rest.    Mechar 

these  comparisons  all  indicate  the  same  ^^  considerations  also,  which  it  is  un< 

change  of  declination  in  the  larger  star,  necessary  to  go  into  here,  make  it  pro- 

■   ^    " ; : bable  that  as  we  know  him  to  have  a 

•  By  this  compirlson  Uie  errors  arltlngr  from  the  motion  of  rotfttinn   nn  hU  nwm   a  vie    en 

mceruinty  and  ▼■riableiieta  of   refraction  are  *?*""""  *'*  roiKlon  OU  niS  OWU  axlS,  80 

cludad,  aa,  iHiaterer  the  amount  of  refraction  majr  ■-— -----^-^--^--— — ^— -^— — — 
be  at  the  moment*  It  will  be  the  aame  for  etara  ob-        •  In  all  these  calculations  U  is  hardly  necessary 

■erred  very  nevlyst  Uie  same  alUtude  and  same  toobsenre,  that  due  allowance  must  be  made  lor 

v*l*^  precesslOQi  natatlooi  and  aberration. 
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he  has  alio  a  motion  of  trantlation  in 
space.  It  is  of  course  to  be  understood 
that  the  whole  solar  system  accompanies 
him  in  this  translation,  the  planets  pre- 
serving their  relative  motions  about  his 
centre  unaltered,  just  in  the  same  vray 
as  the  satellites  of  Jupiter  accompany 
that  planet  in  his  periodical  revolutions. 
The  celebrated  Herschel  conceived  that 
such  amotion  was  actually  perceptible  by 
the  change  of  place  in  certain  fixed  stars, 
and  concluded  that  the  sun  and  whole 
solar  system  was  in  motion  towards  a 
point  in  the^constellation  Hercules. 

To  comprehend  how  the  existence  of 
such  a  motion  can  be  ascertained,  we 
may  begin  by  remarking  that  the  motion 
in  question,  if  it  exists  at  all,  being  cer- 
tainly very  slow  with  regard  to  the  un* 
mense  distance  of  the  fixed  stars,  we 
may  consider  the  small  arc  described  in 
a  short  time  (as  for  instance  half  a  cen- 
tury) as  rectilinear.  Not,  however,  that 
we  suppose  the  revolution  of  the  sun  to 
take  place  round  any  given  fixed  star, 
but  rather  round  the  common  centre  of 
gravity  of  the  system  of  stars,  of  which 
our  sun  is  part.  It  is  easy  to  form  to 
ourselves  an  idea  of  the  effects  pro- 
duced on  the  apparent  places  of  the 
stars  by  a  motion  such  as  we  have  sup- 

gosed.  The  stars  in  that  part  of  the 
eavens  towards  which  the  sun  is  in 
motion  will  appear  to  open  out  and  re- 
cede from  each  other,  diverging  on  all 
sides  from  the  point  to  which  the  motion 
is  directed,  which  point  we  shall  call  the 


pole  of  trandation.  Take  In  the  heaTena 
the  point  diametrically  opposed  to  this 
pole  ;  the  stars  in  that  part  will  appear 
to  dose  together,  and  converge  to  this 
opposite  pole.  Such  will  be  the  general 
enects  produced ;  but  to  ascertain  the 
existence  of  the  motion,  and,  if  that  be 
established,  its  magnitude  and  direction* 
we  must  investijB^ate  formulae  for  the 
effects  on  the  ng;ht  ascension  and  de- 
clination of  any  given  star. 

Suppose  in  fig.  47  that  P  is  the  pole 
of  the  equator,  v  the  pole  of  translationi 
S  the  place  of  the  given  star. 


Fig.  47.\ 


P  S,  the  north  polar  distance  of  the 
star,  we  shall  call  A  ;  P  p  the  north 
polar  distance  of  the  pole  of  translation 
A';  the  angle  SPy  will  be  the  diffe- 
rence between  the  right  ascension  of  the 
star  «,  and  that  of  the  pole  of  transla- 
tion a! ;  it  will  then  be  «  -  «' .  Now 
by  spherical  tris;onometTy  we  obtain  the 
angle  at  S  by  the  formula 


Cot.  S  =; 


cot.  a'  .  sin.  A  —  cos.  (»  —  »^)  ■  cos.  A 


Now  if  we  prolong  the  arc  of  a  great 
circle  p  S  which  passes  through  the  pole 
of  translation  and  the  first  position  of  the 
star  S,  it  must  also  pass  through  the 
second  position  S'.  This  is  evident, 
since  the  apparent  motion  of  the  star 
supposed  immoveable  must  necessarily 
be  in  the  plane  determined  by  the  lines 
joining  the  pole  of  translation  with  .the 
earth,  and  with  the  star.  Produce 
P  S  and  let  it  meet  the  parallel  of  de- 
clination passing  through  S'  in  M.  The 
f midi  triangle  S  S'  M  may  be  solved  as 


sin.(« — •') 

rectilinear  fVom  what  has  been   said 
above,  and  we  have 

tan.  S  =  o~T7» 
S  M  ' 

Now  S^M  is  the  variation  in  right 
ascension  measured  on  the  parallel  of 
the  star,  ord»  sin.  A  ;  S  M  is  the  va« 
nation  in  polar  distance,  ordA 

^       dm  , sin.  A 
tan.  S  a  - 


•  • 


cots  = 


d£, 
rfA 


(i«.Bin.A* 


Equating  this  Yalue  of  cot  S  to  the  valttel)efore  obtained,  we  get 

d  A  cot.  a',  sin.  A  -  cos,  (n  —  gQ  .  cos.  A 

a «  .  sin.  A     ,  sin.  (»  -  «0 

A  rf  A  .  tan.  A',  wn.  (•  ••')»rf»{sin,«  A  -sui»  A  .cos,  A  .tan,  A'.C0S.(«-«^} 
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By  means  of  this  formula,*  when  t^  and  marks,  that  if  a  motion  of  translation  of 

a'  are  known,  we  may  calculate  the  the  solar  system  in  space  really  exists, 

d  ^  as  is  a  priori  not  improbable,  that  it  is 

^^^  "ST  °^^"®  *^^  motions  m  right  masked  by  the  more  considerable  proper 

ascension  and   declination,    and   then  motions  of  the  fixed  stars  themselves, 

comparing  these  with  the  motions  ac-  Under  these  circumstances  we    must 

tually  observed,  verify  the  truth  of  our  l«av«  ^«  problem  to  be  solved  by  future 

hypothesis  as  to  the  position  of  the  pole  astronomers,  who  shall  possess  very  ac- 

of  translation.    By  repeating  the  same  c^J-a^f  observations,  with  a  sufficient  in^ 

operation  with  different  stars,  we  shall  terval  between  them  for  such  determi- 

see  whether  they  agree  in  giving  the  na^Jpns. 

same  result  for  the  place  of  the  pole,  or       One  remarkable    circumstance   has 

whether  the  results  obtained  from  Ihem  oe^n  noticed  by  Bessel  ;-"that  a  great 

are  in  contradiction  with  each  other,  proportion  of  those  stars  which  have  a 

which  latter  circumstance  would  prove  P^pef  motion,  are  double  stars.     A 

that  no  such  motion  towards  a  pole  sinsular  case  of  this  binary  system,  as 

really  exists.  ^^"^  ^  ^"^  greatest  m  the  amount  of  its 

Sir  William  Herschel  conceived  the  P«"oper  motion,  is  61  Cygni.    The  two 

pole  of  translation  to  be  situated  at  ^^^  ^^^ch  form  this  double  star  are 

245*>  52'  of  right  ascension,  and  49«  38'  i,^  '.'^  asunder,  and  have  a  motion,  round 

of  north  declination,  near  the  star  34  their  common  centre  of  gravity,  of  0^-73 

Herculis.    Assuming  these  values  of  annually ;  while  the  annual  proper  mo- 

d  M  ^^on  of  the  double  star  m  right  ascension 
•'and J',  we  might  calculate  -ry  ;  or  is  5"-46  of  space;  and  in  declination 
.  ,.  ,  -  ,  ..  ,  ,  a  3"'19.  Other  stars  in  the  neighbour- 
taking  rf«  from  observation,  calculate  j^ood  of  61  Cygni  do  not  appear  to  have 
d  I  and  compare  it  with  the  observed  ^^JJi^n  ^^  ^1,^  ''^^  the  other 
value  of  that  quantity.  Such  an  ex-  j.^^  /  Ophiuchi  and  30  Scorpii.  two 
amination  does  not  seena  to  support  Sir  ^^^  distant  from  each  other  13'  in 
W.  Herschd's  ideas.  Bessel,  who  has  ^^^  ^j^j^j^  ^ave  no  revolving 
examined  this  question  with  his  usual  ^^^^^^  ^^^^^  ^^^^  ^^j  ^^  evidently 
care  and  abUity.  states  that  many  stars  travelling  together  through  space,  and 
SrtT\t"as'^^^^^^  leavingtleneighbouringftarsUnd. 

Herschel ;  and  that,  in  fact,  there  is  no 

one  point  in  particular  towards  which     ^Section  llL-^Double  ahd  Multiple 

he  can  discover  any  such  tendency.  Stars. 

A  general    consideration  will  com-        Ci^  «««i„:««  ^^a  4  i  *    xl 

pletdy    set   the    matter  at    rest.     If       °":My'"f,  Sfl  **'*~°Pf  J*  *''* 

t*here  exist  »  polar  motion  towards  any  fuT'^nl^u  „^  .hl^T^*'  **  "??!?" 

point  what«)eier.  stars  near  each  other  L^t  J^^Ll  .^^i„  ."T" "k»  "^'f  * 

must  have  motions  very  nearly  parallel.  t^'tfT^n^  ^^f^  fj*"^^*  ^'^' 

so  that  the  ratio  of  the  motion  ^n  right  "*  °/*.?^K?„3^''***?,,'lt*'^  ^^ 

ascension  to  that  in  declination  will  be  ^PPf^^i^J^*^  "^  ^^-  Ofthe  vanou. 

nearly  the  same.    But.  on  examining  f£r/S"."*'  '*'*'  present  we  shall,  m. 

the  catalogues  of  stars,  it  is  found  that  l"^** "'  »n»t«n««.  "<>«»««  the  separation 

this  is  not  by  any  means  the  6ase.    M.  tTl^^'"'  •"  *  **°  °%"*^.  °*'"' 

Biot  observes,  that  «  Herculis  and  -  l^"' f*"""*  '^^T^,  °'  """?  ~'"" 

Ophiuchi  differ  only  6»  in  right  ascension  P^""?  **!!'•.«*'•"''?  **?"'  "  l^'^  T 

and2»in  declination;  yet  the  variation  £!i'±."1  "?**"*""/  ^"'^"*"'  '"  ^ 

of  right  ascension  in  forty-two  years  has  ^!!;'!"' '  '"Stances  of  greater  composi- 

been!  fopthe  former,  2"  -26.  for  the  latter,  Ji°"  21  "^'.iV^i  fX  ?"?''•  '**'  ^^°l- 

8"-54 ;  of  declination,  - 10"-8  for  the  1^!,'  f' 5*l'!f  [  STi*  ".  1'"«'™P'*  • 

fomer' and +2"  for  the  latter.    Simi-  ^r'^TL*^?f^i7'i!f.J''!?„rj*!!:i 
lanv,  the  three 
diflrer  only  2°  ii 

in  declination.    Their  respective  Ynna-  -p*  «i    -d^i— •-   -.  j    *l  *•      " 

tionsin  the  former  direction  for  forty-  fl'^fl'  ™**'  *"?^  ^*®"5  sometimes 

two  years  have  been  +  30",  +  5",  and  ""^  ^^°    *^*"'  ^">*«   ^'   "^"•^y  ^^^^^ 

+  2'' ;  in  the  latter,  —  21"' 8,  —  8"*  5,     

and  -f-  14"'  9  respectively.  *  *  in  fart  it  is  quintuple  t  bnt  the  fifth  star  la  a 

It  may  be  <5oncluded,  from  these  re.  li'lT^l^odiSabrig^"^^^^^^^^^ 
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in  brightness,  as  in  the  case  of  y  Arietis*  that  the  planets  d(  the  solar  system  re*' 

^  Serpentis,  y  Virginis,  and  many  others,  volve  round  the  common  centre  of  pra- 

It  was  for  a  Ions:  time  supposed  that  the  vity  of  that  system ;    but  their  mass, 

contifTuity  of  these  stars  was  merely  an  com|)ared  with  that  of  the  sun,  is  so 

optical  effect,  arising  from  both  being  small,  that,  for  all  practical  purposes,  we 

placed  nearly  on  the  same  visual  line  suppose  these  two  centres  to  coincide, 

drawn  from  the  earth.    Modem  disco-  When,  on  the'other  hand,  the  (wo  stars 

veries  have,  however,  taught  us  that  in  are  nearly  of  equal  magnitude,  each  will 

many  instances,  there  is  a  more  intimate  sensibly   revolve  round  the  imaginary 

connexion  between  the  bodies  forming  point,  the  common   centre  of  gravity, 

these  double  stars  than  was  at  first  sup-  Among  the  most  remarkable  instances 

posed.  of  such  binary  systems  in  the  heavens 

The  pursuit  of  annual  parallax  seems  are — 
fated  to  lead  to  curious  discoveries.  Ga«  Castor. — One  of  the  two  stars  in  this 
lileo  in  the  first  instance,  and  subse-  beautiful  system  describes  round  the 
quently  Uerschel,  had  proposed  a  plan  other  in  about  253  years  an  ellipse,  of 
for  determining  the  existence  of  parallax  which  the  following  are  the  dimen- 
by  the  observation  of  double  stars,  sions : — Semiaxis  major  =  8"*0S6  ;  ex- 
Supposing,  as  these  astronomers  did,  a  centriclty  =  0*7582.  But  as  this  ellipse 
double  star  to  be  composed  of  two  inde-  does  not  lie  in  a  plane  perpendicular  to 
pendent  stars  at  a  great  distance  from  the  visual  ray,  but  in  a  plane  inclined  to 
each  other,  and  consequently  at  very  it  about  70^,  the  apparent  seminxis  ma- 
diiferent  distances  from  the  earth,  it  is  jor  is  only  5''*34 ;  while  the  apparent 
sufficiently  evident,  that  the  Quantity  semiaxis  minor  is  2'''72. 
of  annual  parallax  will  be  very  aifferent  y  Virginis. — lliis  fine  star,  composed 
for  the  two  stars.  Consequently,  their  of  two  of  equal  magnitude,  has  a  peri- 
apparent  places  being  very  unequally  odic  time  of  about  629  years.  The 
affected  by  this  cause,  they  will  appear  semiaxis  major  of  the  ellipse  =  12"'09  : 
at  one  time  to  recede  from,  at  another  the  excentricity  =  0*8335.  The  plane 
to  approach  towards,  each  other  accord-  of  the  orbit  is  inclined  to  the  tangent 
ing  to  laws  dependent  on  their  relative  plane  to  the  celestial  sphere  at  that  point 
positions  and  distances.     The   instru-  about  67^. 

ments  of  Galileo  were  not  sufficiently  I  Ursse  Msjoris. — ^This  is  a  very  re- 
good  to  enable  him  to  put  in  practice  markable  double  star,  (composed  of  two 
this  method  of  observation,  a  method  of  nearly  equal  masrnitude,)  havim;  a 
evidently  requiring  very  delicate  admea-  i)eriodic  time  of  only  60  years.  The 
surements:  but  the  telescopes  of  Her-  semiaxis  major  =  3" '2 78;  excentricity 
schel  being  unrivalled  in  excellence,  he  =  0*3777;  inclination  of  the  orbit 
was  enabled  to  undertake  the  research  56^*6. 

with  reasonable  hopes  of  success.  While  |  Bootis  has  a  period  of  1 1 7  years : 

pursuing  this  investigation,  and  measur-  semiaxis  major  =  12''*  56  ;  excentricity 

ing  with  care  the  angles  of  position  and  =  0*5937  ;  mclination  to  the  plane  of 

distances  of  these  compound  stars,  he  the  heavens  =  80^  5'. 

was  led  to  a  curious  and  unexpected  dis-  y  Leonis  is  a  very  remarkable  star ; 

covery.    He  found  that  several  of  these  it  appears  at  first  composed   of  two 

are  not  stars  that  appear  double  froni  a  reddish  stars    of   unequal    magnitude, 

fortuitous  juxtaposition,  but   in  reality  but  with  very  good  telescopes  it  is  shown 

are  intimately  connected,  forming  binary  quadruple.    The  two  principal  stars  cer- 

sy stems  in  which  either  one  star  revolves  tainly  form  a  binary  system  with  a  rela- 

round  the  other,  or  both  round  their  tive  angular  motion  of  about  0^*30  an- 

common  centre  of  gravity*.    Mathema-  nually,  the  distance  being  about  3''*3. 

tically  speaking,  there  can  be  no  doubt  n  Coronse.— This   star    has    already 

that  the  latter  is  always  the  case;  but  gone  through  more  than  a  complete  re- 

when  one  star  is  very  much  larger  than  volution  since  its  discovery,  as  a  double 

the  other,  the  common  centre  of  gravity  star,  by  Sir  W.  Herschel,  in  1761.     Its 

will  lie  so  near  the  centre  of  the  former,  excentricity  is  only  0*  :i603,  which  hardly 

that  at  the  great  distance  at  which  we  exceeds  that  of  the  orbits  of  Mercury, 

are,  the  difference  between   the   two  Pallas,  and  Juno,  in  our  own  system : 

centres  will  be  insensible.    It  is  thus  the  axis  major  is    only  0''*8325;  the 

periodic  time  rather  more  than  44  years. 

• »    i.t          .K  .1.^      c    .  •4-i«« .»,«-.  We  have  sdected  these  instances  to 

•  In  either  case  the  theory  of  grayitatloii  sboirt       .  ^    .  .^^      -   .,  ^  ^.  ,^^   ^p  .,  _ 

that  the  orbit  If  tneiupse/  give  some  idea  of  the  nature  of  the- 

N 
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motions  in  ttiosd  stars  in  which  they  are  constellation  has  a  period  of  about  15 

most  evident.    Manv  other  systems  are  years,  during  ten  of  vrhich  it  is  ap- 

known  to  exist,  of  which  we  cannot  take  parent,  and  during  five  invisible.    The 

notice  at  present,  it  not  being  our  object  constellation   Hydra   possesses    a  star 

to  give  in  this  place  a  catalogue  of  mul-  which  passes  from  the  fourth  magni- 

tiple  stars :  we  shall  only  just  notice  the  tude  to  being  invisible :    its  period  is 

singular  contrasts  of  colour  offered  fre-  404  days.    )  Cephei  has  a  period  of  five 

quently,  though  not  invariably,  by  the  days ;    n  Antinoi  of  seven ;    but  it   is 

two  stars  of  a  binary  system.    Some-  unnecessary  here  to  enumerate  all  of 

times  it  seems  these  colours  in  the  minor  this  description, 

star  are  complementary  of  those  in  the  Several  explanations  of  these  changes 

larger ;  when  the  former  are  seen  by  have  been  offered,  on  the  relative  pro- 

themselves  they  appear  colourless :  this,  babilities  of  which  it  is  hard  to  decide, 

however,  is  not  universally  the  case;  Some  astronomers  have  supposed  that 

indeed  there  is  an  extraordinary  differ-  the  variable  stars  are,  like  all  the  other 

ence  in  the  colour  of  the  simple  stars»  luminous  bodies,  revolving  on  their  own 

as  the  naked  eye  shows  in  many  in-  axes,  after  the  manner  of  our  sun ;  but 

stances,  and  as  is  still  more  visible  in  that  their  surface  is  partially  covered 

the  telescope.    On  the  causes  of  these  by  large  obscure  spots,  (such,  in  fact,  as 

differences  it  would  be  idle  to  speculate,  we  see  on  a  small  scale  in  the  sun,) 

As,  however,  it  is.  always  desirable  to  which,  by  the  rotation  of  the  star,  are  at 

compare  facts,  we  may  remark  that  a  certain  times  turned  towards  us.  Others 

new    star    appeared    suddenly  in  the  have  attributed  these  variations  to  large 

year  1572  in  the  constellation  of  Cassio-  opaque  bodies  revolving  round  those 

peia.    On  its  first  appearance  it  was  of  stars,  and  periodically  intercepting  their 

a  brilliant  white,  and  surpassed  in  splen-  light.     Lastly,    some   have   explained 

dour  even  Jupiter;  its  brightness  gra-  the  facts  by  attributing   to  the  stars 

dually  diminished,  till,  in  sixteen  months,  themselves  an  extreroelyflattened  form — 

it  had  completely  disappeared.    During  such,  to  use  a  familiar  illustration^  as 

this  time  its  colour  experienced  consider-  that  of  a  mill-stone ;  in  which  case,  the 

able  changes:    from  brilliant  white  it  brightness  of  the  star  would  evidently 

passed  to  a  reddish  yellow,  like  that  of  depend  upon  the  position  in  which  it 

Mars  or  Aldebaran,  and  thence  to  a  happens  to  be  seen.    Time  must  decide 

leaden  white,  like  that  of  Saturn.    It  is  which  of  these  suppositions  is  nearest 

unnecessary  to  pohit  out  the  analogy  to  the  truth. 

between  these  changes  and  those  pro-  We  have  already  alluded  to  the  bright 

duced  by  terrestrial  bodies  at  different  star  which   appeared  suddenly  in  the 

degrees  of  heat.  constellation    Cassiopeia,  in    the   year 

o             A      Tr    '  If    cf^  1572.    On  its  first  appearance  it  sur- 

Bechios  4,'^Vanable  Stars.  p^gsed  in  splendour  even  Jupiter  and 

Under  this  designation  we  include  a  Venus,  and  might  be  seen  on  the  me- 

class  of  stars  whose  brightness  is  sub-  ridian  in  broad  day.    Its  brightness  gra- 

ject  to  certain  periodical  variations,  as  dually  diminished,  till  in  sixteen  months 

the  star  we  have  already  noticed  in  the  after  its  first  apparition  it  disappeared, 

group  vvhich  forms  the  compound  star  without  having  changed  its  place  in  the 

^Ononis.    One  of  the  most  remarkable  heavens.    The  changes  in  its  colour,  as 

of  these  is  the  star  Algol,  in  the  con-  its  brightness   diminished,  have    been 

stellation  Perseus,  which,  every  sixty-nine  already  noticed.    Those   changes,  and 

hours,  experiences  a  diminution  of  splen-  the  suddenness  of  its  appearance,  seem 

dour,  which  reduces  it,  in  three  hours  to  point  forcibly  to  a  vast  combustion 

and  a  half,  from  the  second  to  the  fifth  as  the  origin  of  this  extraordinary  phe- 

magnitude :    it   then  takes  about  the  nomenon.    A  similar  phenomenon  oc- 

same  time  to  return  to  its  original  state,  curred  in  the  year  1604,  in  the  constel- 

Another  remarkable   chans:ing-star  is  lation  Serpentarius.    It  is  said  that  a 

Mira,  in  the  neck  of  the  Whale,  which  similar  circumstance  led  Hipparchus  to 

has  a  period  of  about  334  days ;  being,  form  his  catalogue  of  the  fixed  stars, 

at  its  brightest,  of  the  second  or  third  about  a  centiu-y  and  a  half  before  the 

magnitude;    and    when    least   bright,  birth  of  Christ, 
invisible  to  the  naked  eye.    A  similar 

star  exists  in  the  neck  of  the  Swan,  Srctiow  V  ^N^hti^ 

with  a  period  of  about  397  days.    An-  «*«CTiOFf  y.-^JVebu^. 

other,  star  in  the  breast  of  the  same  The  term  nebula  it  applied  to  oertainr 
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Irre^lar  spots  of  pale"  light  "and  ill-  star  appears  much  dairtcer  than  Ihe  res^ 
defined  figure,  which  occur  frequently  of  the  nehula.  An  analogous  fact  ift* 
in  the  heavens.  Some  of  these  are  that  in  the  neighbourhood  of  a  nebula 
nothing  more  than  clusters  of  small  there  is  generally  an  absence  of  stars, 
stars,  so  near  each  other  as  not  to  be  Herschel,  observing  these  facts  and  the 
separated  by  the  naked  eye»  The  tele-  varieties  of.  appearance  presented  by 
scope,  however,  shows  theur  real  nature,  the  different  nebul»,  was  led  to  the  con- 
Of  this  kind  is  the  nebula  in  Cancer,  elusion,  that  they  were  all  parts  of  a 
called  Prssepe  Cancri,  composed  of  luminous  substance  disseminated  ge- 
about  forty  very  small  stars,  easily  se-  nerally  over  the 'heavens,  which  accu- 
parated  in  a  telescope;  and  such  are  mulates  in  certain  points,  either  from 
manv  others  that  need  not  be  enume-  mutual  attraction  or  from  that  of  a 
rated  here.  There  are  others,  however*  neighbouring  star.  He  thought  he 
that  are  not  wholly  resolvable  into  se-  could  distinguish,  by  the  greater  or  less 
parate  stars,  such  as  the  beautiful  ne-  degree  of  sphericity,  and  the  brilliancv 
bula  in  the  sword  of  Orion,  the  great  of  the  central  nucleus  as  compared  with 
nebula  of  Andromeda,  and  others.  The  the  surrounding  nebulosity,  the  progress 
Milky  Way  itself  appears  to  the  eye  as  in  condensation  and  the  relative  ages  of 
a  vast  nebula  traversing  ithe  celestial  the  different  nebulse.  The  first  stage  is 
sphere :  when,  however,  it  was  examined  that  of  an  uniformly  nebulous  mass ; 
by  the  powerful  telescopes  of  Herschel,  the  second,  that  of  a  similar  mass 
it  was  resolved  into  an  incredible  number  slightly  condensed  round  one  or  more 
of  small  stars.  To  give  some  idea  of  faintly  luminous  nuclei :  these  nuclei 
their  number,  we  may  state,  that  in  a  gradually  become  brighter ;  then  the 
zone  of  fifteen  degrees  in  length  by  two  nebulous  atmospheres  of  each  separat- 
in  breadth,  he  has  observed  more  than  ing  by  the  effects  of  a  farther  conaensar- 
fifty  thousand.  It  is  supposed  that  our  tion,  there  result  compound  nebulae 
sun  and  the  brightest  of  the  fixed  stars  formed  of  brilliant  centres  very  near 
form  a  part  of  this  great  nebula.  We  each  other,  and  surrounded  respectively 
must  conceive  it  a  vast  stratum,  whose  by  their  separate  atmospheres.  Some- 
depth  is  immense,  (about  a  thousand  times  the  luminous  matter,  by  a  more 
times  the  distance  from  Sirius  to  the  uniform  condensation,  forms  the  plane- 
earth,)  yet  very  inconsiderable  with  re-  tary  nebulae  of  which  we  have  spoken  *. 
spect  to  its  other  dimensions.  When  we  Lastly,  a  higher  degree  of  condensation 
look  in  the  plane  of  the  nebula  itself,  in  transforms  the  nebulse  into  groups  of 
which  we  are  situated,  the  stars  appear  stars  thickly  set  together.  In  confirms- 
80  thickly  clustered  together  as  to  form,  tion  of  these  ideas,  it  certainly  appears 
apparently,  a  confused  mass  of  light:  that  the  fine  nebula  in  the  sword- 
if,  on  the  other  hand,  we  look  in  a  di-  hand  of  Orion,  and  that  in  the  girdle  of 
rection  perpendicular  to  this  plane,  it  is  Andromeda,  have  undergone  evident 
evident  that  we  shall  see  the  stars  thinly  changes  since  the  times  of  Huyghens 
scattered  over  the  svurface  of  the  heavens;  and  Simon  Marius,  who  first  observed 
the  depth  of  the  stratum  in  which  we  them.  These  changes  seem  to  indicate 
are  placed,  enormous  as  it  is,  being  a  contraction  and  condensation  of  the 
trifling  compared  with  its  length.  In  nebula,  analogous  to  that  supposed  by 
fact,  if  we  suppose  the  average  distance  Herschel.  Such  changes,  however,  are 
of  each  fixed  star  from  that  nearest  it  to  of  course  so  very,slow  in  their  progress, 
be  the  same  as  the  distance  of  Sirius    '         

from  the  earth,  the  depth  of  the  stratum,  •  a  catalogue  and  description  of  the  nebulsB,  as 

one   thousand  times   that  distance,  will  tbey  exl»t  at  present,  has  been  undertaken,  and  la 

not  ftnnp»r  <n  vptv  rnns'ulprablp  ■  considerable  degree  completed,  by  Sir  J.  F.  W. 

HOI  appear  so  very  COnsiaeraoie.  Herschel.    it  has  not  as  yet  been  made  public. 

It    has    already    been     said,     that  all  hut  some  idea  ofthe  interesting  results  it  contains 

nebulae   are    not  to   be  resolved  into  "'^If '^•^^**[T?  ^'°"/*'^^^*'i'*;*^'"?'^S''*"  ,^^ 

I      .            -    .           ,1           1    J  i        Au  author.     *  I  have  already  determined,   with    aa 

dusters  Ot  stars  closely  paCKed  tOgetner.  much  accuracy  as  the  nature  of  such  observations 

Some  resemble  rather  planetary  bodies,  permits,  the  places,  and  obtained  sufficient  de- 

forming  distinct  masses  of  equable  pale  ;5,?«Tt^«^'^ESJ:ind'orthSl";*J„1.rf^^^^^^^ 

light.     These  have  been  called  by  Her-  Jects,  a  great  part  of  them  by  many  repeated  obser- 

scbel  planetary  nebulae.    Others  appear  ^'^i'""; '  f  "<V  '"^i*;^?hl;ii''Jfi^^«,"^t«LS.^l' 

-,*^                  jr                               il'Li.  TeroarkaWe  for  their  shi^pe,  siae,  or   struetttre. 

CO   be  composed  OI  one  or  more  Drignt  Among  these  are  objects  so  surprising,  that  I  shall 

stars   situated  in  a  less   luminous  mass,  earnestly  desire  to  see  my  obserratioBS  rerified  bj 


•tars   situated  m  a  less   luminous  mass,      earnestly  desire  to  see  my  obserrattoBS  Termed  by 

7t  has  been  remarked,  that  in  this  case    S^  P^^'L^lT^r/'^rm^^^^^^^^^^ 

.47. 
N2 


,  ,.  ^  .   ,  ,         ,        ,.      -     ,         •«■•  now  become  oomaaon  in  the  hauda  Qf  oh» 

the  immediate  neighbourhood.,  of  the    terTen.wMtni,  Ast.  Soc  toi.  v.  p.  47. 
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that,  in  all  probability,  it  will  take  cen-  luminous  matter  which  we  call  the  tail, 

turies  of  observation  to  establish  the  but  which  the  ancients  likened  to  the 

theory  of  Herschel  by  direct  evidence.  appearance  of  hair,  or  a  t)eard.     The 

tail,  however,  is  not  a  necessary  ap- 
pendage to  a  comet,  as  many  wel]«au- 

Chaptbr  IX.  thenticated   instances   exist   where    a 

comet  has  presented  no  such  appear- 

Comeis,  ance.    The   essential   character  of  a 

comet  is  derived  from  its  motion,  not 

Of  all  the  phenomena  presented  by  the  from  its  constitution  or  external  appear- 

heavens,  there  is,  perhaps,  none  which  ances,  which  seem  liable  to  great  vari- 

excites  such  general  interest  among  all  ation.  Most  frequently  a  comet  appears 

classes  of  society  as  the  appearance  of  to  be  composed  of  a  bright  nucleus, 

a  comet.    In  general  the  motions  of  the  partially  or  completely  surrounded  by  a 

heavenly  bodies  are  characterized  by  a  paler  light,  which  spreads  more  particu- 

periodicity  and  regularity  which  render  larly  on  one  side,  constituting  the  tail 

any  unusual  appearance  the  more  strik-  or  hair.    In  other  comets  the  nucleus 

ing.    To  which  may  be  added,  that  a  is  extremely  faint,  or  even   positively 

great  comet  is  in  itself  an  object  well  wanting ;  and  in  a  third  class  there  can 

calculated   to  impress  every  beholder  neither  be  said  to  exist  nucleus  nor  tail, 

with  astonishment  and  awe.    The  last  as  the  comet  presents  the  appearance  of 

great  comet  was  that  of  1811,  which  a  very  small  nebulous  body,  which  can 

may  be  recollected  by  many  of  our  only  be  distinguished  from  other  nebule 

readers ;  but  brilliant  as  it  was,  it  sinks  by  its  motion.    As  the  circumstance  of 

into  insignificance  when  compared  with  its  motion  distinguishes  a  comet  from 

other   apparitions  of   the    same  kind,  the  fixed  stars  and  nebulae,  so  the  law 

Comets  have  been  known  whose  tail  of  the  motion  and  the  nature  of  the 

has  extended  from  the  zenith  to  the  ho-  curve  described  distinguishes  it  from  a 

rizon,  while  the  disk  of  the  body  itself  planet.    Another  distinctive  character 

was  equal  in  size  to  the  full  moon  *.  might  have  been  taken  in  former  times 

Such  appearances  are  well  calculated  to  from  the  fact  that  the  paths  of  comets 

impress  the  human  mind  with  awe,  as  are  not  confined  to  the  zodiac,  nor  to 

magnificent  deviations  from  the  usual  the  direction  from  west  to  east,  like 

unvarying    regularity  of   the  heavens,  the  old  planets,  but  take  place  in  planes 

Ever  prompt  by  a  singular  superstition  inclined  at  all  angles  to  the  ecliptic,  and 

to  connect  the  aspects  of  the  stars  with  as  well  with  a  retrograde  as  with  a  direct 

the  destiny  of  man,  the  belief  of  the  motion.    But  this   character  has  now 

multitude,  up  to  these  later  times,  has  less  value  since  some  of  the  newly  dis- 

attributed  to  them  malevolent  influences  covered   planets    are    known  to   have 

over  the  fate  of  empires,  or  regarded  orbits  inclined  more  than  30^  to  the 

them  as  announcing  to  the  human  race  ecliptic,  and  the  satellites  of  Uranus  are 

some  impending  scourge,  as  '  shaking  said  to  revolve  perpendicularly  to  that 

from  their   horrid  hair  pestilence  and  plane.    One  character  is  common  to  all 

war.*    To  these  idle  terrors  have  sue-  the  planets  and  satellites  of  our  system, 

ceeded  fears,  perhaps  not  much  more  the  revolution  in  ellipses  of  very  small 

reasonable ;  the  dread  of  a  shock  be-  eccentricity ;  on  the  other  hand,  the  co- 

tween  one   of  these  bodies  and    the  metary  ellipses  are,  without  any  excep- 

earth.    To  say  nothing  of  the  extreme  tion,  extremely  excentric,  and  so  much 

improbability  of  such  an  event,  there  is  so,  that  in  all  but  a  very  few  cases  they 

good  reason  for  believing  that,  were  it  to  are  sensibly  identical  with  the  para* 

take  place,  it  would  not  be  productive  bola. 

of  such  disastrous  consequences  as  are        The    tails   of  comets  are  evidently 

usually  anticipated.  formed  of  highly  rarefied  matter,  as  is 

The  term  Comet  is  derived  from  the  sufficiently  indicated  by  their  extreme 

appearance    frequently    presented    by  transparence,  which  permits  the  smallest 

these  bodies,  that  of  being  accompanied  stars  to  be  distinguished  through  them  ; 

or  rather  followed  by  a  large  mass  of  and  there  is  reason  to  believe  that  the 

_  nucleus,  though  in  a  greater  state  of 

^  condensation,  is  very  far,  at  least  in 

•still  more  extraordinary Acconnti  are giren  In  some  instances,  from  being  solid.     As- 

mncletit  autbora.  which  have  not  been  alluded  to  In  trttnnm«»r«      hnvp      nAoajairniflllv    Akstirt 

the  tex^  as  they  nay  bt  auapected  of  exaggt-  ^«>nomers    nave    oosasionaiJy  disun- 

ration.  ^*  guished  fixed  stars  of  no  great  bright-* 
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oess  through  the  nuclei  of  comets*. 
Indeed  when  we  consider  the  enormouB 
heat  to  which  many  comets  are  exposed 
when  near  their  perihelion,  it  is  difficult 
to  conceive  that  any  part  of  them  can 
escape  complete  vai>orization.  Thus 
the  comet  of  1680,  at  its  perihelion,  was 
166  times  nearer  the  sun  than  the  earth. 
If  we  suppose,  as  there  is  every  reason 
for  believing,  that  the  intensity  of  the 
solar  heat  varies,  like  the  intensity  of 
light,  inversely  as  the  square  of  the  dis- 
tuice,  it  appears  that  the  comet  must 
have  been  subjected  to  a  heat  27,556 
times  as  great  as  that  received  by  the 
earth,  or  2,000  times  as  great  as  that  of 
red-hot  iron.  On  the  other  hand,  it  must 
be  confessed  that,  in  their  aphelion^ 
comets  experience  a  degree  of  cold  of 
which  we  cannot  form  any  calculation 
or  conception. 

The  tail  generally  begins  to  appear  as 
the  comet  draws  near  the  sun;  its 
length  increases  with  its  proximity,  but 
does  not  acquire  its  greatest  extent  till 
after  the  perihelion  passage.  Its  direc- 
tion is  always  from  the  sun  f ,  forming  a 
curve  rather  concave  towards  that  body, 
as  in  Fig.  48,  where  A  represents  the 

l%r- 48. 


The  position  and  form  of  the]^tail  in* 
dicate  plainly  its  real  cause,  which  is  the 
vaporization  produced  in  the  body  of 
the  comet  by  excessive  heat  * :  how  great 
that  heat  must  be,  has  been  already  ex* 
plained.  The  tail  acquires  its  greatest 
size  after  the  perihelion,  when  the  comet 
has  been  thoroughly  heated,  just  as  the 
earth  does  not  attain  its  highest  tempe- 
rature till  after  the  summer  solstice. 
There  are,  however,  considerable  ano- 
malies in  the  appearances  presented  by 
the  tail,  not  merely  with  regard  to  its 
size,  but  also  with  regard  to  its  shape 
and  general  appearance.  Sometimes 
the  tail  is  divided,  or  even  the  comet 
has  two  tails  in  different  directions; 
sometimes,  as  in  the  comet  of  1769,  the 
tail  has  a  double  curvature  of  this  ^ 


nucleus  of  the  comet,  B  the  tail,  S  the 
sun,  M  AD  the  comefs  orbit  in  the  di- 
rection from  M  to  D. 


*A  strong  proof  how  trifling  the  mass  of  a 
comet  usually  Is,  may  be  found  in  the  fact  that 
the  comet  of  1770  passed  between  Jupiter  and  bis 
satellites,  without  deranging  at  all  by  its  attraction 
the  motions  of  those  minute  bodies.  The  same 
comet  approached  us  so  nearly,  that,  according  to 
the  calculations  of  La  Place,  had  its  mass  equalled 
that  of  the  earth,  the  sidereal  year  would  have  been 
Increased  2^  SSm.  Tet,  probably,  had  the  sidereal 
year  varied  a  second,  we  should  have  perceived  it. 
The  comet's  mass  certainly  could  not  have  been  a 
6,000th  part  of  that  of  the  earth. 

t  The  tali  Is  always  on  a  prolongation  of  the 
straight  line  which  Joins  the  comet  to  the  sun  : 
thus,  if  the  comet  be  to  the  east  of  the  sun,  and  set 
after  him,  the  tail  takes  an  easterly  direction  i  but 
4  westerly,  if  the  comet  be  to  the  west  of  the  sun, 
and  a^%  before  hLot 


form.  Occasionally  the  tail  is  of  im- 
mense length,  and  narrow;  at  other 
times  broad  and  fan -shaped,  as  in  that 
of  1744,  which  was  ir*  long  by  130® 
broad.  Sometimes  the  tail  has  a  waving 
or  undulating  motion  t,  at  others  an  in- 
stantaneous increase  and  decrease  has 
been  observed.  The  multiplicity  of  tails 
and  the  fan-shaped  appearance  which 
results  from  it,  are  probably  caused  by 
a  more  than  ordinary  velocity  of  the 
comet,  in  which  case  the  curvatiure  of 
the  orbit  in  a  given  time  becoming  more 
sensible,  the  columns  of  vapour  that 
arise  deviate  more  and  more  from  the 
direction  of  the  original  tail,  and  spread 
over  a  larger  portion  of  the  heavens.  It 
is  also  to  be  recollected  that  the  tail 
being  situated  in  the  plane  of  the  comefs 
orbit,  the  appearance  presented  to  the 
earth  will  depend  very  much  on  the  po- 
sition of  that  plane  with  regard  to  the 
earth.  The  curvature  of  the  tail,  for 
example,  could  never  be  visible  to  us  if 
the  comet  were  moving  in  the  plane  of 
the  ecliptic. 

The  idea  which  prevailed  for  a  lon^ 
time  with  regard  to  the  nature  of  comets 
was,  that  they  were  meteors  of  tempo- 
rary duration,  engendered  in  the  atmos- 
phere of  the  earth .  Some  circumstances 
certainly  led  to  this  view — the  sudden- 
ness, in  many  cases,  of  their  appearance 


*  The  vaporisation  mentioned  would  not  pro- 
duce, however,  a  tail,  without  we  suppose  the 
comet  to  move  in  a  resisting  medium,  which,  as  we 
shall  presently  see,  is,  from  other  causes,  highly 
probable. 

t  It  has  been  stated  that,  in  the  comet  of  1811, 
such  undulations  were  seen  to  pass  from  the  comet 
to  Uie  extremity  of  the  tail  in  2  or  3  seconds } 
a  distance  of  4  mlliioos  of  leagues.  This  velocity 
surpasses  even  that  of  light.  A  similar  fact  has 
been  stated  of  the  comet  of  1807* 
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and  decline,  the  transparence  of  their  Thus  the  permanent  nature  and  periodio 

tails,  and  the  apparently  small  density  returns  of  comets  were  for  the  first  time 

of  their  nuclei.    But  it  was  found  by  an  established,  and  the  truth  of  the  New* 

accurate  comparison  of  observations,  tonian    theory  with   regard   to    them 

(and  we  owe  this  discovery  to  Tycho  placed  beyond  all  dispute.    More  recent 

Brah6,)  that  their  parallax  is  so  small  as  times  have  afforded  us  two  additional 

to  put  them  far  beyond  the  reg;ion  of  the  instances    of   periodic   comets,    which 

moon.    This  point,   once   ascertained,  have,  however,  this  remarkable  point  of 

decided  that  they  could  not  be  vapours  difference  from  that  of  Halley,— that  the 

generated  in  our  atmosphere,  and  gave  period  in  both  is  strikingly  shorter.    In 

a  stroni;  probability  to  the  opinion  ad-  the  latter,  the  period  is  about  seventy- 

vocated  of  old  by  the  Chaldseans,  and  six  years,  while  in  one  of  the  two  former 

supported  by  Seneca,  that  they  were  it  amounts  to  only  six  years  and  a  frac- 

bodies  permanent  as  the  planets  of  our  tion  * ;  and  in  the  other  to  between  three 

system,  and  reappearing  at  certain  in-  and  fourf.    In  fact,  these  bodies  may 

tervals  depending  on  their  peculiar  or-  be  said,  in  every  sense,  to  belong  to  our 

bits.     The   discoveries    of    Hevelius,  system,  as  the  orbit  of  the  latter  lies 

Borfel,  and  Newton,  showed,  in  con-  within  even  that  of  Jupiter,  and  it  is 

firmation  of  this,  that  comets  move  in  in  reality  only  distinguished  from  the 

an  orbit  sensibly  parabolic,   the    sun  planets  by  the  great  excentricity  of  its 

being  in  the  focus.    It  was  proved  by  orbit. 

Newton  to  be  a  necessary  consecjuence  It  is  unnecessary  to  explain  in  this 

of  the  theory  of  universal  gravitation,  place  how  Tycho  Brah6  was  enabled  to 

that  bodies  attracted  by  the  sun  must  ascertain  that  the  comet  he  observed 

describe  round  him  one  of  the  conic  had  no  sensible  parallax,  and   conse- 

sections.  quently  was  far  beyond,  not  merely  the 

It  is  probable  that  the  orbit  described  earth's  atmosphere,  but  the  region  of 

round  the  sun  by  comets  is  always  an  the  moon.    On  this  head  we  must  refer 

ellipse ;  at  least  we  know  it  to  be  so  in  to  the  chapter  on  Parallax.   The  method 

some  instances :  but  the  ellipse  being  of  pointed  out  in  page  59,  though  it  would 

great  excentricity,  and  a  small  part  of  be  insufficient  to  determine  with  nicety 

the  orbit  only  being  visible  to  us,  namely,  a  very  small  parallax,  would  be  suffi- 

that  described  near  the  perihelion,  it  is  cient  to  show  that  the  parallax  of  a  body 

sensibly  identical  with  a  parabola.    The  thus  examined  was  very  small ;  in  fact, 

first  conjecture  of  an  elliptic  orbit  is  due  much  smaller  than  that  of  the  moon» 

to  Halley,  who,  seizing  the  analogy  es«  which  is  sufficient  for  the  purpose  in 

tablished  by  the  Newtonian  theory  be-  question.    The  idea  of  Kepler  was,  that 

tween  the  motions  of  comets  and  planets,  the  orbit   was  a  straight  line,  which 

instituted  a  comparison  between  the  ele-  would  have  precluded  the  possibility  of 

ments  of  the  orbits  of  the  comets  then  a  comet  ever  reappearing :    Hevelius 

known,  and,  perceiving  a  great  coinci-  proved  by  observation,  that  the  orbit 

dence  between  those  of  the  years  1531,  was   sensibly  curvilinear;    but  Dorfel 

1607,  and  1692,  with  an  equality  of  in-  first  distinctly  announced  the  parabolic 

tervals,  did  not  hesitate  to  throw  out  motion  round    the   sun,  about  which 

the  conjecture  that  it  was  one  and  the  there  can  be  no  doubt,  as  it  has  been 

same   comet    which   had    reappeared  verified  by  the  calculation  of  the  orbit 

three   successive  times,   and    that  it  of  every  comet  that  has  appeared  since, 

would    reappear  a  fourth  time  in  the    

year    1758*.      It   may   easily    be    sup-  •  TMi  comet  is  called,  from  the  name  of  iU  dl«. 

posed,  that  astronomers  were  eagerly  on  coterer,  too  Bieia's  comet :  it  is  suppoted  to  be 

tlie  look-out  to  verify  this  prediction;  ;irX'i'^'i;SdnS&',"',V5gii'SSS'°;L*?; 

ana  aCCOrdmgly,  on  the  25th  of  Decem«  was  first  recognised  as  aperiodic  comet. 

ber  in  that  year,  it  was  a£:ain  perceived.  ^  '''*'*■  comet  is  called  the  comet  of  Encke,  as 

''                         ^-o         r  thatastronomer  first  recognised  it  in  the  year  1818* 

— ^_^___-.^_^^.^— _____>_^__^_«.  M  ft  periodic  comet,  which  had  already  appeared 

.    _  _  ,  in  the  years  1786,  1795,  1901,  1«06:  its  extreme 

*  This  comet  bad  preYioosly  appeared  In  the  smallness,  perhaps  its  proximity  to  the  sun,  or 

year  1006  :  it  is  then  said  to  have  been  four  times  other  Cannes,  prevented  its  being  observed  in  1808, 

OS  larfe  as  Venos:  another  of  its  apparitions  was  1812.  and.1815.    It  has  been  repeatedly  observed  la 

in  1456,  and  when  it  passed  near  the  earth,  ito  tail  iu  re-apporitlons  since  1818,  and  Its  orbit  is  now 

at  that  Ume  occupied  an  are  of  60^,  and   was  well  determined.    This  remarlcable  body,  which 

curved  like  a  sabre.    It  excited  great  alarm,  as  certainly  forms  a  part  of  oar  solar  system,  has  the 

coinciding  with  the  capture  of   Constantinople  major  axis  and  IncllnaUon  of  Geres  }  lu  sidereal 

by  the  Turks.    Its  subsequent  apparitions  hove  revolution  is  46  days  less  than  that  of  Vestoi  iu 

been  much  leas  brUUtoU    1|  U  ezpectfd  tore-  perihelion  fails  ivithin  the  orbit  of  Uercuryj  iu 

appear  in  1835,                                            .  apheUQBbelweM  Jupit«rMato«MirpUneU, 
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We  cannot  in  this  place  go  into  an  discovering  more,  has  given  additional 
account  of  the  Newtonian  theory  of  interest  to  the  problem  of  determining 
gravitation,  which  belongs  to  the  de-  from  observation'  the  elements  of  the 
partment  of  Physical  Astronomy ;  it  orbit,  namely,  the  longitude  of  the  pe- 
will  be  sufficient  for  our  purpose  to  take  rihelion,  the  longitude  of  the  node,  the 
it  as  a  matter  established  by  observa-  inclination  of  the  plane  of  the  orbit  to 
tion,  that  comets  in  general  move  round  the  ecliptic,  its  distance  from  the  sun  at 
the  sun  in  a  parabola,  of  which  that  the  perihelion,  and  the  time  of  its  pas- 
body  occupies  tne  focus.  As,  however,  sage  through  that  point.  As  soon  as  a 
the  parabola  is  not  a  closed  curve,  the  new  comet  is  discovered,  astronomers 
fact  of  a  comet's  returning  periodically,  hasten  to  determine,  by  means  of  three 
which  is  now  established  with  regard  observations,  these  elements.  Having 
to  three,  proves  that  the  orbit  of  re-  found  them,  they  compare  the  first  four 
appearing  comets  is,  in  fact,  an  el-  with  the  corresponding  elements  of 
lipse;  but  the  ellipses  of  comets  being  ex-  former  comets,  as  registered  in  the  ca- 
cessively  excentric,  the  visible  portion  of  talogues  of  those  bodies :  should  they 
them,  which  is  always  small,  will  not  be  be  fortunate  enough  to  find  a  prior  ap- 
distinguishable  from  a  parabola.*  This  pearance  of  the  same  comet,  the  corn- 
is  generally  true:  there  are,  however,  pari  son  of  the  perihelion  passages  will 
some  cases  in  which  it  becomes  abso-  give  its  periodic  time, 
lutelv  necessary  to  calculate  the  orbit  as  It  is  no  long  time  since  the  calcula- 
an  ellipse  ;  as,  fur  example,  in  the  case  tion  of  a  comet's  orbit  from  observation 
of  the  two  comets  of  short  periods  of  ^as  considered  a  most  laborious  opera- 
which  we  have  spoken.  These  two  re-  tion ;  but  the  progress  of  astronomical 
markable  bodies  have  opened  us  to  a  science  has  so  much  simplified  the 
new  view  of  the  nature  of  comets ;  and  problem,  that  it  has  ceased  to  be  one  of 
that  of  Encke,  in  particular,  (the  comet  great  labour  or  difficulty.  As  these 
of  34  years,)  bids  fair  to  lead  us  to  calculations  are  becoming  daily  more 
some  remarkable  discoveries.  It  has  general  and  more  interesting,  we  shall 
lon^  been  supposed  that  the  space  in  give  here  the  most  simple  and  elegant 
which  the  planets  move  is  filled  with  an  mode  of  determining  the  orbit  from 
extremely  subtle  fluid,  the  existence  of  three  observations ;  a  method  which  we 
which,  hitherto,  has  been  merely  con-  owe  to  Olbers. 

jectural,  or  founded  upon  an  optical  We  begin  by  supposing  the  right 
theory,  which  of  late  years  has  gained  ascension  and  declination  of  the  comet 
many  partisans,  but  perhaps  can  hardly  to  have  been  observed  on  three  dif- 
be  considered  as  demonstratively  proved,  ferent  days,  the  intervals  between  the 
The  revolutions  of  the  planets  which  observations  being  small  and  nearly 
have  now  been  so  carefully  observed  for  equal.  Tlie  problem  is,  from  these  three 
many  years,  show  pretty  clearly,  that  if  given  positions,  to  determine  the  ele- 
such  a  fluid  exists,  it  is  too  rare  to  have  ments  of  the  parabola  described  round 
any  sensible  effect  on  their  motions,  the  sun.  The  first  step  is  to  convert 
But  as  we  have  good  reason  for  sup-  these  right  ascensions  and  declinations 
posing  the  comet  of  Encke  to  be  of  in-  into  longitudes  and  latitudes :  let  us 
comparably  less  density  than  any  planet  call  the  longitude  and  latitude  corre-* 
or  satellite  of  our  system,  it  might  sponding  to  the  first  observation  x'  and 
happen  that  the  fluid  would  cause  a  /  respectively :  to  the  second  k'^  and 
sensible  resistance  to  the  comet,  while  /' :  to  the  third  x"'  and  /".  Take  from 
it  was  imperceptible  for  another  body,  an  Ephemeris  the  longitudes  of  the 
Accordingly  it  has  been  found,  that  the  sun  for  the  three  moments  of  obser- 
ma^nitude  of  the  axis  major  of  the  vation,  and  call  them  a',  a",  a'"  re- 
orbit  decreases  from  revolution  to  re-  spectively.  Let  now,  in  fig.  40,  S  re- 
volution, and  consequently,  the  periodic  present  the  sun ;  A,  B,  C,  the  three 
time  diminishes.  This  result  seems  now  places  of  the  comet;  a,  b,  c,  the  places 
pretty  well  established,  and  it  is  pre-  of  the  earth,  at  the  time  of  the  observa- 
cisely  the  effect  which  would  be  pro-  tions :  the  method  rests  on  the  following 
dueed  by  a  resisting  medium.  A  few  principle, — that  the  times  between  the 
more  revolutions  will  probably  put  the  observations  being  small  and  nearly 
matter  beyond  doubt,  if,  indeed,  it  be  equal,  the  middle  radii  vectores  S  B  and 
not  considered  as  already  established.  S  b  cut  the  chords  A  C  and  a  c  in  D 
The  discovery  of  three  periodic  and  d  in  tl>e  ratio  of  the  times :  that  is» 
comets*  Yfiih  the  great  probability  of  caUiog  the  interval  between  the  first  mi 
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second  Gbservation  f;  between  the  se^ 
cond  and  third  i'';  then  that  ad:  dc  i: 
A  D.:  D  C  :  :  /'  :  r.     This  supposi- 

Fig.  49. 

M        jn/ 


tion  is  not  mathematically  true;  but 
when  the  arcfs  A  C,  a  c  are  small,  it  is 
very  nearly  so.  We  know»  by  the  theory 
of  centripetal  forces,  that  the  times  are 
as  the  parabolic  and  elliptic  sectors, 
ANBS.  B'M.CS,  anbS.bmcS: 
while  the  seo^ments  of  the  chords  are  as 
the  triangular  sectors  A  B  S,  C  B  S» 
abSf  cbS.  The  difference  between 
these  will  be  the  small  segments  A  N  B 
A,  anba,  BMCB,  bmcb.  If  the 
arcs  and  sectors  are  small  magnitudes 
of  the  first  order,  these  segments  will  be 
of  the  third  order.  Besides,  it  has  been 
proved  by  Lambert,  that  for  every  para- 
bolic and  elliptic  arc  there  is  a  radius 
vector  which  will  cut  the  chord  exactly 


in  the  ratio  of  the  time,  when  the  small 
segment  ANSA,  BMCB  will  be 
exactly  in  the  ratio  of  A  D  to  D  C,  and 
this  will  be  the  case,  approximately,  in 
the  parabola,  when  the  arcs  are  small 
and  the  times  nearly  equal,  as  we  have 
supposed.  The  same  will  take  place  in 
the  earth*8  path  for  intervals  very  nearly 
equal*  since  this  path  differs  so  little 
from  a  circle.  Our  method,  then,  which 
is  only  an  approximate  one,  cannot  lead 
to  great  errors.  We  may  here  observe, 
that  all  methods  for  determining,  in  the 
first  instance,  the  elements  of  a  comers 
orbit,  are  approximate:  the  approxi- 
mate values  of  the  elements  once  found, 
more  accurate  values  are  obtained  by  a 
method  of  correction,  for  which  we  must 
refer  to  the  work  of  Olbers*,  the  Astro- 
nomy of  Delambre  ty  or  the  M6canique 
Celeste  J. 

We  now  proceed  to  find  the  apparent 
place  which  the  comet  would  have  had 
at  the  time  of  the  second  observation, 
supposing  that  the  comet  had  really 
been  at  D  and  the  earth  at  d.  The  ap- 
parent places  ADC,  seen  from  udc,  lie 
in  a  great  circle  of  the  sphere:  bd 
S  D  B  lie  all  in  one  plane ;  consequently 
all  the  points  of  the  line  dD,  seen  from 
a  given  point  in  the  line  b  S,  lie  in  one 
and  the  same  great  circle. 

To  find  the  position  of  the  line  d  D, 
we  must  determine  the  point  of  inter- 
section of  these  two  great  circles.  The 
first  passes  through  the  observed  places 
of  the  comet  at  the  first  and  third  ob- 
servation ;  the  second,  through  the 
middle  observation  and  the  place  of 
the  sun  at  the  same  time.    Take 


tan  /'' 


Then  the  angle  J  ^  ^  will  give  the 
point  where  the  great  circle  drawn 
through  both  extreme  places  of  the  co- 
met cuts  the  ecliptic:  the  angle  d  at 
which  it  cuts  it  is  given  by  the  equation 

tan./ 
tan.  ti  = 


other  great  circle  cuts  the  ecliptic  is 
evidently  =  a",  or  the  longitude  of 
the  sun  at  the  middle  observation: 
its  inclination  /  is  given  by  the  equa- 
tion 

tan.  /' 
tan.  1  = 


sm.  «* 
The  longitude  of  the  point  where  the    Taking  now 


sin.  (V  -  x") 


cot.  9  = 


tan.  «r 


tan.  1.  sin,  {a"+  «•  —  V]. 

then  the  longitude  c"  of  the  point  of  in- 
tersections x"— «■  -h  0,  and  the  latitude 
y"  comes  out. 

tan.  y  =  tan.  «f.  sin.  0 
According  to   our  .'supposition,  the 
chord  of  the  comers  path  A  C  and  the 
chord  of  the  earth's  path  a  c  are  cut  by 


+  cot.  {A"  +  *  -  x'} 


the  lines  of  sight  A  a,  £?  D,  c  C  in  the 
ratio  of  the  times ;  now  the  same  ratio 
will  hold  for  all  orthographic  projections 
of  these  chords  and  lines  of  sight. 

*  Abhandlung,  sec.  Ir. 

t  Astroo.,  Tol.  ill.  chap.  zxHl. 

$  Vol.  i.  page  S37. 


ix.1  astronomy;  isa 

Suppotfr  in  FjgJ50,  that  C  D  A  is  the  chord  of  tlie  earth's  path  at  before: 
the  projection  of  the  chord  of  Ihecomeft  aA,  (^D,  cC  the  projections  of  the 
path  on  the  plane  of  the  ecliptic,  acd   corresponding  lines  in  Fig. 49. 

,  Fig.  SO. 


t{ 


r.  r^  A    ^,  CD  AD 

Now,  c  o  :  A  M  :: 


cO   :  aU 


sin.  COD  *  sin.  D  M  A 
ed  ad 


*   sin.  COD  *  sin.  DMA 

Since  c d :  d a  ::  C  J> :  AD  ::  i'^ I  f 

andC(j  =  CO  +  cO 

Aa  =  AM  +  aM 

if  ftf 

:.Aa:Cc::  ^^^j^^^ :  ,i„.coD 

ButDMA  =  e/' -X' 
COD  =  X'"  -  (/'• 

Also  A  0,  C  c  are  the  curtate  distances  of  the  comet  from  the  earth  at  the  first 
and  third  observations :  let  us  call  them  ^'  and  ('''. 

••  V'  ^     ••  sin.  (c"  -  x')  •  sin.  (V-  c^) 
„^       f'.  sin,  (c^/  -  XQ 
••^    •^^"  <'.8in.(x'"  -  c")  -**^- 

Now  since  </'  has  been  already  found,  <^^  sin,  (x^^  -  xQ  . 

M  is  a  known  quantity,  and  therefore    ^*  "^sin  (x"'  —  x')'  "        '""^ 

the  ratio  of «'"  to  /  is  known.  ...  '         ^      au    v       t»  v  r^  j 

Thereare:however,casesin'whichthis    \^'^  "  ""i^Pi?""^  *n^^'"^'  ^  *'  ?  * 
mode  of  finding  M  cannot  be  employed,    '""J'^'  ^^'  to  be  parallel :  a  supposition 

as  when  the  apparent  motion  of  the  ^*^>^^  ^T  n  ^  ^*'  ""n^"^  !?*'''"  *^^ 

comet  is  nearly  perpendicular  to  the  ^^^,'^\^9  ^k/^^  *"^   ^^n'"^ 

ecliptic.    Then  the  aVcs  (/'- X',  and  q«ently  the  Imes*  d,B  D  very  small, 

x'"  -  c"are  evidently  very  small,  and  ,.  Now  since  all  orthographic  projeo- 

M  cannot  be  determined  from  them  tions  of  the  lines  of  sight  cut  the  ortho- 

withaccuracy:andthenthemoregeneral  graphical  projections  in  the  same  ratio, 

method,  which  we  shall  presently  give,  ^«*  us  proiect  these  Imes  on  a  plane 

must  be  adopted.    On  the  other  hand  Pf^fTlL'^  ♦  Yu  *""  -^  ^''^T'''  *"."*  *^. 

this  latter  method  cannot  be  used  when  P^^^^  ^^^^  *^®  "'"^^^^  "'*"«  ^*^«*^'  ^^ 

the 

and 

this 

one  already  given.    This  method  also  tan.  y^ 

has  great  conveniences  when  the  inter-  tan.  i/'  =  -: — t^ — -pr 

vals  of  time  are  very  small.    We  may  ^^'  ^     "     ^ 

then,  instead  of  calculating  c",  assume  it  i^„  mj^  _      ^^^'  ' 

equal  to  x'',  and  consequently  • '  ain.  (A  -  x"0 


le  comet's  apparent  motion  is  slow    the  earth  is  perpendicular  to  it.    Take 

id  nearly  parallel  to  the  ecliptic ;  in  ^g^.  1/  =  "' 

lis  case  we  must  have  recourse  to  the  sin.  (a''  —  x') 
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then  y,  V,  hf^  will  be  the  angles  whieh  sinoe  in  this  ease  also  the  chords  era  cut 

the  lines  of  sight  in  the  projection  make  in  the  ratio  of  the  times 
with  the  projected  chord  of  the  earth^s  ^tf  ^^  ,f^f  _  ^v 

path.    But  N='^'  .      ,,,,"  .,, 

sin.(A"-c'0    sin.(A«-x")  ^°''  ^^,  y 

wherefore  in  this  case  it  is  unnecessary  r  =-: — 7-77-    . 

to  calculate  >/'  and  c".  ^^'  ^^  -^  > 

Call  the  projected  distance  at  the  first  /"  =  M  ^  =  -: — '-~ — =r; 

observation  rf,  and  at  the  third  N  rf,  then,  sm.  (a"  -  ^W) 

consequently 

,,     cos.  ft'",  sin.  (a"-x')  .  sin.  (Z/'  -  f)  .i" 
M  = 


cos.  y  .  sin.  (A'/ -  xW)  .  sin.  (ft"'-  ft")  <' 

_  sin.  (A"  -»  xQ  (tan,  ft"  >-  tan.  l/)J" 
"  sin.  (A"  -  ;i"')  (tan.  ft^  -,  tan.  b").i' 

^  {tan.  •^  sin,  (a"  -  x')  -  tan.  ^.  sin.  (a"-x")  }  <^^ 
{tan.  ^"  sin.  (a"- V)  -  tan.  ^".  sin,  (A"  -  V")}7~ 

Put    now  »!»-.: y-rr  .. 

sm,  (A"— x") 

M     {^-  s^P'  (A"  ^  xQ  >■  tan.  /}  i^' 
•*•  ^  "  {tan.  •"-!».  sin.  (A"- X'")  |<'. 

Hence  the  ratio  of  the  curtate  distances  of  the  comet  from  the  earth  at  the  first 
and  third  observations  is  known ;  to  find  from  these  the  distances  themselves, 
we  mast  proceed  as  follows :  call  S  a.  S  c  the  distances  of  the  earth  from  the  sun 
at  the  first  and  third  observations.  R',  and  R"':  call  S  A,  8  C  the  correspondine 
distances  of  the  comet  from  the  sun,  r',  r'". 

Now, 

r'*  =  R'^  -  2  R'  /.  cos.  (a'  -  xO+^'*.sec.  • 

r'"«=  R"'«  ^  2R"'  M.  /J'  cos,  (A'"  -  X"')  +M«  f'«.8ec«  •" 

Now,  calling  the  chord  A  C,  ft". 

A"  =  V  (^"  -  *)'  +  (y'"  -  yO  •  +  («'"  -  ^)« 
X,  y,  5r,  being  rectangular  coordinates,  whose  centre  is  at  the  sun,  the  axis  of ;» 
perpendicular,  to  the  plane  of  the  ecliptic ;  and  that  of  x  passing  throu<rh  the 
vernal  equinox.    Developing  ° 


V'==  V^*  +  ^""  -  2  a/ a/"  —  2  y'  y'"  -  2 «  «"' 
It  is  easy  to  see  that 

a/  =  p' .  COS.  X'  -  R' .  cos.  a' 

j/  =  /  .  sin,  x'  -  R' .  sin.  a'  "; 

«'  =  /  .  tan.  ^ 

a/"  =  M' .  cos.  X'"  -  R'"  .  COS.  a"' 

y'"  =  M  f'  sin.  X'"  -  R"' .  cos.  a"' 

ar'"  =  M /.  tan. /" 
Substituting  these  values  we  get 
ft/«  =  rf'+fJf'*  -  2  R'R"'.  COS.  (A"'  -  aO  +  2/  R"' .  cos.(a"'-xO 

+  2M /'R' . 006,  (V- V")-.  2M/'^ .  cos,  (^"'-;^0-2M€'«  tan.V,  tan.  I" 
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or  shortly,  ^     ^      ^_    4¥      ^ 

the  co-efficients  F,G,  andH,  being  known  k  i?  ^  F  =  F. 

quantities,  and  // unknewn,  as  well  aa  '^ 

^'-  If,  however,  in  the  equation  for  the 

The  most  conToiient  way  in  practice  chord  theangiesiCA  -x)ara  greater  than 

IS  to  find  pf  by  successive  approxima-  90^  and  consequently,  the  coefficient  of 

tions,  which  may  be  easily  done  in  this  f/  positive,  then  /  +  t^  ii  necessarily 

way.    If  ftf'  were  known,  pf  might  be  greater  than  2  R.    In  this  case,  instead 

thus  determined :  take  F'  =  K«  -F  and  of  assuming  F  =  F,  we  should  take 

assume  tan.  ^  -^-^1-  r'=il  -  F  =  |  F. 

yWith  one  of  these  two  supposition^ 

F'  for  F',  we  find  by  the  formulae  given 

H**  above«  an  approximate  value  of  //,  and 

.  ',            «#i     .  .^.      „               ,  this  being  known,  we  may  substitute  it 

As  long  as  F'  is  positive,  there  is  only  in  the  values  of  r"  awj  r"'*,  and  thus 

one  positive  value  of  /;  when  O  is  ne-  find  r*  and  r^".  The  best  way.  however, 

^^^^^^  ™*"«^?^  "«»«»*«•  tl^n  9^ ^  is  to  take  some,  simple  fraction  that 

But  to  tind  in  this  way  an  approxi-  comes  near  to  the  value  of //which  we 

mate  value  of  //,  we  must  have  an  ap-  have  just  found,  and  to  calculate  t^*  and 

proximate  value  of  A".    We  may  get  f^/'ifoughly, thus: 

this  from  the  followmg  considerations ;  supoosinjr  t«  =»  I  +  A 

F  IS  the  square  of  the  chord  of  the  fr-     a          ^t- 

earth's  path;   now,  as  long  as  both  theu  r  =  1  +— n  »PProximately. 

chords  are  small,  we  have  very  nearly.  2+ Jo 

v/«      4  F       TA  •   ^    Av  ^    #      .   .«  SubstitutinfiT  these  approximate  values 

*^^*=^qv^/-    "is  true  that  r' and r"'  of  /  and  r"' in  the  equation 

are  unknown ;  but  f^+r^  cannot  be  less  y/  ^     ^^    '    p 

than  1,  as  long  as  the  apparent  angular  "'r'  +  r*"' 

distance  from  the  comet  to  the  sun  is  we  now  get  a  more  accurate  value  of  P* 

ffl-eaterthan30°;  and  on  the  other  hand,  and  again  from  that,  of />',    With  this 

r  +  r^'  18  almost  always  smaller  than  3,  second  value  of  p'  we  must  now  proceed 

because  nearly  all  visible  comets  are  to  calculate  rather  more  accurately  r' 

withm  the  orbit  of  Mars,    Hence  3  is  and  r"'.    This  having  been  done,  if  t 

always  an  approximate  value  for  r'+r'":  be  the  interval  between  the  first  and 

«onwquenUy,  one  may  always  assume  thu-d  observations,  put  r  =*  4  i»T,  where 

*'  ^^^^  log.  m=8 .5366114,  then  approximately 

Calling  the  three  first  terms  on  the  right-  With  this  more  accurate  value  of  F' 

hand  ;side  of  the  equation  A,  B.  C,  re-  we  calculate  again  ^,  which  now  begins 

spectxvely  to  be  near  ito  exact  value.   If  we  repeat 

A  -      ^  the.last  process  once  more,  (which  is  not 

r^  -hr^'  always  necessary,)  we  shall  findj^  with 

^         A'  ^U  desirable  accuracy.    As  soon  as  ^  is 

"  12  (r'  +  H**^  determined,  the  elements  of  the  orbit  are 

^            ^  found  with  ease.    We  must  calculate 


4B« 


J  C  =         •  exactly 

A 


r'.  r"',  e'.  and  /"  =  M  /. 


*  F'  is  rarely  negmtWe :  It  can  only  be  so  when        t  This  may  easily  be  deduced  from  Lambert's 
ff  4-  rfff  is  greater  tb*a  i.    In  this  case  take     Theorem*- 


stn.  us- 


then. 


//=tan.^.y/L'     or,     =cot.|V^^'.  S-V^T 
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The  equation  for  the  r>  is  of  this  form:—  1 


pit 


When  f^  +  P  is  positive  put  (^  +  P  )~.  p  «  tan  •  f. 


negative  - 


— —second - 
Knowing  now  r',  f"',  /,  and  e'"f  we 
get  the  elements  of  the  oroit  in  this  man- 
ner. Call  the  heliocentric  latitudes  at 
the  first  and  third  observations  /  and 
y,  we  have 

•      tan.  /.  p' 
sm.  Y^^  — -7-^ 


In  the  first  case  r  =  -^LL, 

eos.^ 

—    =  ij  f.  cos.  ^. 


s  sin,  •  f  • 


sin 


r'.  COS.  X. 


sin. «'" 


_  y^^  sin.  (aW  -  xW) 
r'"  COS.  xw 


Hence  the  two  heliocentric  longitudes  ^ 
and  ^"'  are  known.  If  we  call  now  \  the 
angular  distance  of  the  comet  from  its 
ascending:  node,  measured  along  the 
Gall  the  heliocentric  elongations  from  echptic,  then  A'  —  ^  is  the  longitude  of 
the  earth  at  the  same  time  t\  c'^',  then       the  node.    £  is  found  from  the  formula 


„,      tan.  i^"  />w 


< 


tan.(  5  + 


,w__ 


2 


i'\  _  sifK 
y      sin. 


>^{f^ 


fience  £  and  the  longitude  of  the  node 
/3'  ^  I  s  J2  is  known. 

The  inchnation  of  the  orbit  to  the 
plane  of  the  ecliptic  is  found  by  the  for- 
mula 

.  tan.  ^ 

Ian.  I  =  -: — — » 
sm.  I 

being  the  inclination  in  question. 


The  perihelion  distance  4  is  found  by 
the  formula 

-    d  =  r'cos.—.    . 
2 

All  the  elements  of  the  orbit  are  now 
found,  except  the  time  of  the  passage 
through  the  perihelion  ;  this  is  easuy 


'  T^ Vf  f?.lrrr »  •   >  r"  :•  nf  * »,o    found  by  the  theory  of  parabolic  motion. 
Toget  the  heliocentric  distanw^s  of  the    ^j^j^^  J^^^        J^^^^ ^  ^^^  ^.^^  ^^^ 

comet  from  Us  node  measured  m  the    ^u^  ^ JJ^  «K««.lof;««  t/^  fK..  r^nkaii/m 
plane  of  its  orbit  ^  and  ^"  1,^^,^^^  observation  to  the  penhehon 

*-T    f  ,       '^  ^.  ,      .1 
-^=1  •{  tan»  —  +i.tan.*»}. 


tan.i/  = 


fan.  I 


passage, 


cos.  t. 
.  Jff  =  tan.  (I  +  A^^^  -  ^0 


COS.  I. 


^  representing  a  semicircumference  to 


Now'v'''  —  i/  is  the  difference  of  the    radius  =  1,  and  T  being  the  duration  of 
true  anomalies  at  the  first  and  third  ob-    a  sidereal  revolution  of  the  earth*, 
servations.    Let  i/  —  i/''  =  ;^,  and  take 

:     tan.*  =  ^:^' 

^       .  ^    .    ^   .      tan.  (45*^  -  «) 
tan. 


-{i-f> 


tan.  — 
4 


t^here  p  is  the  true  anomaly  at  the  first 
observation.  But  knowmg  ^,  we  know 
the  lon^tude  of  the  perihelion  *. 

*.u'  and v** represent tbebeliocentric distances 


This  expression  is  very  inconvenient 
for  finding  the  anomaly  when  t  is  given, 

*  The  law  of  the  eiuable  deserlpUon  of  areas 
which  holds  in  all  cases  of  bodies  acted  npon  by 
centripetal  forces,  i^Tes  as  the  equation 

r«d.  =  crf(. 

By  the  properties  of  the  parabola 

d 
r  s=  

O0B.«j 

where  d  Is  the  perihelfoo  distance. 

Substituting  this  ralue  of  r,  and  remembering 
■ 
thatc  s=  ~y  we  shall  get,  upon  integration,  the 


of  the  comet  from  the  node  measured  in  the  plane 

of  its  path ;  adding  »  to  ^  we  get  the  distance  of  the 

perihelion  frona  the  node  j  project  this  distance  oo     expression  for  t,  gWen  In  the  text.    It  must  be 

the  ecliptic,  and  add  it  to  the  longitude  of  the  node,     remembered  that  the  time  is  counted  from  the 

and  we  shall  hare  the  longitude  of  the  perihelion,      perihelion,  or  <  s  0  when  •  9  0« 
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as  we  have  to  solve  a  cubic  equation,  roents  by  allowing  for  ihe  ellipltcity  ot 
Astronomers  have  ehided  this  difficulty  .the  orbit.  The  beat  wa^  of  doin^  tbi^ 
by  calculating  the  time  corresponding .  is  as  follows.  The  semi-axis  major  is 
to  every  degree  of  anomaly^  for  a  comet  known,  the  periodic  lime  l)eing  known  ; 
whose  perihelion  distance  is  equal  to  for,  by  Kepler's  third  law,  the  squares 
unity,  or  the  mean  distance  from  the  of  the  periodic  times  are  as  the  cubes  of 
sun  to  the  earth :  then  the  time  for  any  the  major  axis :  the  periodic  time  of  the 
given  anomaly  for  another  comet  is  earth  is  known,  and  its  semi-axis  major, 
found  by  taking  from  the  table  the  time  Now,  the  semi-axis  major  being  known, 
corresponding  to  the  given  anomaly,  the  excentricity  may  be  found  by  sulv> 
and  multiplying  it  by  d  i.  Such  a  table  tracting  from  it  the  perihelion  distance. 
as  that  we  speak  of  is  usually  called  Hence  a  ^,  and  consequently  «,  is  known* 
table  of  the  comet  of  1 09  days,  because  s  being  the  ratio  of  the  excentricity  to 
a  comet  whose  perihelion  distance  is  the  semi- axis  major.  Now,  the  anomaly 
unity,  takes  nearly  109  days  to  describe  in  a  very  excentric  ellipse  may  be  de- 
90®  of  anomaly  from  the  perihelion.  If  duced  from  the  corresponding  anomaly 
the  comet  be  well  known  to  recur*  as,  in  a  parabola,  by  adding  to  the  parabolic 
for  example,  that  of  Halley,  it  may  be  anomaly  v  a  small  angle  ^,  which  is  de- 
desirable  to  correct  the  parabolic  ele-  termined  by  the  equation 

sin.  ^  =  iQ«  *">•  2  I  ^  -  3  COS.  •  -J  -  6  cos.  *  -^i. 

We  find  then,  by  the  tables  of  comets,  the  parabolic  anomaly  »  corresponding  to 
the  given  time :  we  add  to  it,  and  y  -h  ^  will  be  the  elliptic  anomaly.  The 
elliptic  radius  vector  may  be  calculated  by  the  expression 


r  =  - 
cos 


:7f£|i)|.-H^..^-C4-')[ 


The  following  example,  taken  from  Olbers,  will  contribute  to  make  the  subject 
more  intelligible,  while,  at  the  same  time,  it  will  show  the  simplicity  and  shortness 
of  the  method.  From  three  observations  of  the  comet  of  1769,  the  three  corre- 
sponding longitudes  anc}  latitudes  have  been  deduced,  as  follows : — 


September   4     14    0 

8    14    0 

12     14     0 


days  hoara  X  4 


80®  56'  11" 
101«*  0'  64" 
124®     19'     22" 


17®  51'  39" 
22®  5'  2" 
23®    43'     55" 


The  tables  of  the  sun  give  us  for  these  three  momenti— 

A       log.  K. 


162®  42'  5" 
166®  35'  31" 
J  70®  ,29'  20'' 


0-003132 
0*002665 
0-002184 


.         .  /" 

Hence  <'  s=  r  »  4  days  /.  j>  =  1  and  T  =  8  days. 

The  first  thing  is  to  determine  M:  for  this  purpose,  we  have  to  calculate  the 

tan.  •' 


expression 


m  « 


sin.  (A"  -  X") 

Hence  M  «    *"'  "'"'  ^^"  "  ^'>  "^  *^"'  ^ 

^      tan.  ^"  -  m.  sin.  (a"  -  x'"> 

and  then  the  two  eqnations 

f'*  =  R  't  -  2  R'  e'.  COS.  (a'  -  aO  +  e  '•  lec.  •  s' 

fff^  =  R'"«  -  2  R'"  M.  c'.  cos.  (A'"  -  x"0  +  M  «  e '".  tec.  •  ^''. 

In  our  case,  these  equations  beoome 

f'   «  =  r01453  -  0*28854  «'  +  ri0393  ^ 

fWs  a  1-QlOU  -  r21482  if  +  0-90869  <« 
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The  eqwrtion  for  the  ehoird  b 

*•  tsr't  +f^'«-2RRw  COB.  (A'''- a')  +  2  Rw  cog.  (a^ -.  xOZ  +  SR'* 
COS.  (A'  -  xW)  M  e'  -  2  M.  COS.  (x'^  -  xO  /•  -  2  fan.  •.  tan.  ^.  M ^'« 

or  A  «  a  0-  01868  —  0-  10954  /  +  ^  49702  ^' «. 

In  order  to  solve  this  equation  by  approximation,  we  nust  have  reeourse  to  the 
formulsB 

tan^V'^—  y_aad,==tan.-.     ^^ 

We  have  F  =  0*  01868        G  =  -  0*  16954        H  =  0'  49702. 

If  we  suppose  now  F  »  F,  we  find  e^  a  0'3332»  take  then  ^  ^  i 

the  formulae  f  «  ss  1  -j-  6 

6 

give  us        f*  =  102,  r^  =  0-83    A  f'  +  f*  »  1'85,  and  F'  =  f!^.  F. 

With  this  value  of  F  we  calculate  /  oVer  again,  and  find  for  it  0*  3465.  With 
this  value  of  ^,  we  now  calculate  accurately  the  values  of  t'  and  r''',  and  we  get 
r'  =  102326,  r'  =  0-83565  r'  +  r"^  =^  1'85891.  To  determine  F'  from  this 
value  of  r'  +  r^-^,  we  employ  the  Series 

Fa  A  +  B  -F,whereAg'j>  ,  ^^ 

B-— A!_ 

T  e  4mT 

C  being  in  this  case  insensible.  Hence  we  obtain  F  a  0*222112,  and  from  this 
^'  s  0*34817 :  as  this  value*of  ^'  is  so  near  the  former  0*3465,  it  is  unnecessary  to 
pursue  the  approximation  any  farther.  ^'  being  thus  found,  the  elements  of  the 
orbit  are  easily  determined  by  the  equations  in  page  57.    We  find  these 

1.  The  heliocentrio  latitudes 

y  =  6  17  34        yf"  =  9®  12'  19" 

2.  The  heliocentric  elongations  from  the  earth 

i'  =  19  47  4        »"^  s  15°  25'  16'' 

3.  "the  heliocentric  longitudes 

/b'  «  2°  29'  62"        A'»  ss  5°  54'  36" 

4  .  Angular  distance  of  the  comet  from  the  node  on  the  ecliptic 

?  =  7°  n'  45" 

5.  Longitude  of  the  descending  node 

A'  -  «  =  355°  18'  7"        ♦       •       .        (I.) 

6.  Inclination  of  the  orbit  =  41®  21'  30"        .       •       .  (II.) 

7.  ,/"  -  i/  =  ;^;  B  4°  27'  46" 

8*  True  anomaly  of  the  comet  at  the  third  observation  =  ^  =  135®  52'  24" 
9.  Longitude  of  the  perihelion  =  145®  11'  11"    .       •     (III.) 

10.  Perihelion  distance  =  0*11872     •       •       •       •         (IV.) 

11.  Time  from  the  third  observation  to  the  perihelion  passage 

=  24**  20»»  22'  .'.  time  of  the  perihelion  passage  is  Oct.  7.  10*»  22»  (V.) 

places  of  the  sun,  moon,  and  planets 
Chapter  X.  for  any  given  instant  may  be  found* 

Of  the  utility  of  such  tables^  it  is  un- 
Construction  of  the  Tables  qf  the  Sufif    necessary  to  say  anything :  the  reader 
Moort,  and  Planets. — Equations  cf   will  have  already  perceived  that  such 
Omditim,— Method  of  least  Squares,    calculations  must  be  of  frequent  recur- 
rence in  astronomy,  and  therefore  it  is 
To  avoid  tedious  calculations,  astrono-    of  the  utmost  importance  to  simplify 
mers  have  formed  tables  by  which  the    them  as  much  as  possible.    As  the 
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tiblei  of  the  ttm  Are  of  more  frequent  the  longitude  being  known,  msy  then  be 
utility  than  the  otheri,  we  shall  com-^  determined  as  we  have  just  shown:  but  if 
mence  by  giving  some  account  of  their  we  wish  to  have  his  absolute  position 
construction.  in  space,  we  must  also  know  his  dis« 

tance  from  the  earth,  or  the  radius  veo- 

S.CT.OK  l.-Table>  o/tHe  Sun.         tor  of^^  -Wt^ "^U^e'lST'f  ^ 

It  is  hardly  necessary  to  premise,  that  radius  vector;  the  length  of  the  latter^ 
what  we  call  the  tables  of  the  sun  are  in  the  absolute  position  of  the  sun  on  it. 
reality  tables  of  the  earth ;  since  it  is  Let  us  begin  by  showing  how  the 
the  latter  body  which  is  in  motion  round  longitude  may  be  found.  The  first  ap- 
the  former.  As,  however,  in  practice,  proximation  is  to  neglect  the  ellipticity 
the  object  is  to  determine  the  apparent  of  the  orbit,  and  to  suppose  the  motion 
place  of  the  sun,  as  seen  by  a  given  of  the  sun  in  his  orbit  circular  and  uni- 
observer ;  and  as  it  is  immliterial  whe-  form.  This  motion  will  be  proportional 
ther  his  motions  are  real  or  apparent,  to  the  time ;  and  the  place  of  the  fie-< 
we  shall  continue  to  speak  of  him  as  if  titious  sun  thus  moving  will  give  what 
he  were  the  moving:  body.  The  reader  is  called  the  mean  longitude**  this  it  is 
will  bear  in  mind  that  all  'the  inequali-  necessary  subsequently  to  correct  to  get 
tics  which  we  shaU  presently  mention  the  true  longitude.  To  find  the  mean 
are  inequalities  in  the  earth's  own  orbit,  longitude,  it  is  necessary  to  know  the 
We  l)egin  then  by  supposing  the  earth  mean  velocity  of  which  we  have  spoken^ 
to  be  in  the  focus  of  the  ellipse  described  and  the  longitude  of  the  sun,  at  some 
round  it  by  the  sun,  which  ellipse  of  one  time,  which  is  called  the  epoch* 
course  lies  in  the  plane  of  the  ecliptic.  Knowing  these,  we  may  find  the  mecn 
The  problem  is  to  determine  what  point  longitude  at  any  other  time ;  since,  as 
of  its  ellipse  the  centre  of  the  sun  occu-  the  velocity  is  supposed  uniform,  this 
pies  at  any  given  instant  longitude  will  be  proportional  to  the 

Now  evidently,  if  we  know  the  Ion-  time.  The  determination  of  the  epoch 
gitude  of  the  sun,  his  position  in  the  is  a  matter  entirdv  of  observation.  It 
celestial  sphere  is  determined,  since  the  is  usual  to  take  the  beginning  of  some 
inclination  of  the  ecliptic  to  the  eouator  particular  year  for  epoch'*',  and  to  de* 
IS  known ;  and  we  may,  by  the  solution  termine  the  place  of  the  sun  for  that 
of  a  right-angled  spherical  triangle,  time  by  a  great  number  of  observations 
obtain  his  right  ascension  and  declina^  made  shortly  before  and  afterwards, 
tion,  which  determine  his  apparent  posi-  and  reduced  to  that  instant  by  the  mean 
tion  on  the  celestial  sphere.  motion,  which  may  always  be  supposed 

sufficiently    well,  known    to  serve  for 
p^g^  51,  short  intervals.  • 

The  mean  motion  is  ascertained  by 
comparing  two  epochs,  determined  care- 
fully by  observation    at  very   distant 
periods ;  for  example,  at  an  interval  of 
5  0  years.   As  the  inequalities  of  the  sun*s 
motion  return  to  nearly  the  same  value 
within  the  course  of  a  year,  they  will 
disappear  in  such  a  comparison  as  that 
Let  cp  be  the  vernal  equinox ;  qp  S,  the    just  mentioned,  and  we  shall  obtain  the 
echptic ;   qp  M,  the  equator ;    8  the    mean  motion  of  the  sun  iiv  this  interval 
place  of  the  sun ;  8  M  an  arc  of  a  great    with  great  accuracy :  if  we  divide  this 
circle  at  right  angles  to  qp  M :   then    by  50,  we  get  the  mean  motion  for  one 
cp  S  will  be  the  sun*s  longitude.    If  we    year.    Now  this  l^ing  known,  let  us 
know  this,  and  the  angle  M  qp  S,  which    suppose  that  the  longitude  for  the  be« 

is  the  obliquity  of  the  ecliptic  we  can    .     ' 

calculate  cp  M,  the  right  ascension, 

«.d  MS.  the.  declination  of  the  .un.    t,:^/„,;rhUm~rj',!;.".?J£^7wbtlX?r.'S 

We  snail  explam   SUIMiequently  now  the     one  year  from  the  preceding)  namely,  that  be* 

obliquity  of  the  ecliptic  is  determined  :    *w««»  *i«  ^isi  of  December  and  the  ut  of  jann- 

/A«i  fltAVkoMAnf  «»A  «.«.««w..A   :i-  lj>«tM«i«  •     ""T*    The  reaaon  of  thU  la,  that  the  astronomical 
for  the  present  we  suppose  it  known:     day  of  the  French  ia  counted,  like  the  civil  day, 

all  then  depends  upon  finding  the  SUn*8     ftom  midnight  to  mldtilKht,whnt  the  aatrononlcal 

longitude  for  the  instant  required.    The    J;j  ^^  S?l  d«"\??.°T^JJLTL'*il«^^^ 
Vttn'i  appwent  position  in  the  heavens,   ihii  durer«ace; 
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g:inning  of  the  year  1800  has  been  care-  described  by  the  Bun  round  Ihe  earth  T, 
fully  observed ;  by  adding?  to  it  once,  which  occupies  the  focus.  Let  F  £  be 
twice,  three  times  the  motion  for  oneyear,  the  line  of  the  ecjuinoxes,  on  the  pro- 
and  so  on,  we  get  the  longitudes  for  the  longation  of  which,  in  the  celestial 
years  1801, 1802, 1803,  &&,  successively,  sphere,  are  the  points  cp  and  i^;  let 
These  longitudes,  being  entered  into  a  afpe  he  b.  circle  described  round  the 
table,  form  what  is  called  a  table  of  centre  T,  and  conceive  a  fictitious  sun 
epochs.  But  knowing  the  mean  motion  S',  which  describes  this  circle  with  an 
for  one  year,  simple  division  will  give  us  uniform  mption,  and  its  velocity  such 
the  mean  motion  for  a  dav,  an  hour,  and  that  it  is  on  the  radius  T  P  drawn  to 
a  minute.  To  save  trounle,  the  mean  the  perigee  P,  when  the  sun  S  is  at  P, 
motion  is  given  in  the  solar  tables  and  it  returns  to  P  with  S  at  the  end  of 
ready  calculated  for  every  day  in  the  each  revolution*  At  the  point  P,  S  has 
year,  and  every  hour  and  minute  of  the  its  greatest  velocity,  and  immediately 
day.  To  find,  then,  the  mean  longitude  gets  beyond  S'  which  moves  with  a  uni- 
of  the  sun  for  any  given  moment,  'as,  form  velocity.  At  a  given  time  from 
for  example,  23d  Sept.  1805,  at  9  their  being  both  on  the  line  T  P,  S  will 
minutes  after  4.  mean  Paris  time,  be,  as  it  were,  at  Q,  while  S'  is  only  at 
begin  by  taking  from  the  TtU^le  of  q-  But  on  the  other  hand,  as  S  ap- 
Epoehs,  the  mean  longitude  for  the  preaches  its  apogee  A,  its  velocity  di- 
beginning  of  the  year ;  this  is,  by  De-  xninishes,  while  that  of  S'  always  re- 
lunbre's  tables,  280^  1 1'  2''-8 ;  by  |the  maining  the  same,  it  finally  comes  up 
■ame  tables  the  mean  motion  from  the  to  S\  and  reaches  it  when  both  are  on 
beginning  of  the  year  to  the  23d  Sept.  the  line  T  A.  The  velocity  of  S  is  then 
is  261^  11'  47"'4;  add  this  to  the  the  least,  and  it  is  passed  by  S' ;  but  the 
epoch,  and  subtracting  a  whole  circum-  velocity  of  S  gradually  increasing,  it 
ference,weget  181^22'  60"*2.  To  this  finally  reaches  S'on  the  line  TP.  It 
we  must  add,  from  the  tables,  the,  mean  appears  from  this,  that  from  P  to  A,  S 
motion  for  4  hours,  which  is  9'  *51"-4,  i»  before  S',  while  from  A  to  P,  S'  is 
and  that  for  9  minutes,  which  is  22"'2 ;  before  S.  Suppose  at  a  given  moment 
so  that  finally  we  obtain  for  the  mean  q  to  be  the  place  of  S',  and  Q  that  of  S  ; 
longitude  of  the  sun,  at  the  instant  the  angle  ?  T  P  is  called  the  mean  ano- 
abovementioned,  181^  33'  3"*8.  maly,  Q  T  P  the  true  anomalv ;  the  arc 

To  understand  how  the  elliptic  motion  £  A  P  Q  will  be  the  true  longitude ; 
of  the  sun  is  calculated,  we  must  refer  €apq  the  mean  longitude;  eafp  will 
to  the  foUowing  figure :  be  the  longitude  of  the  perigee.    It  is 

easy  to  see  that  in  all  cases  the  mean 
anomaly  =  the  mean  longitude  of  the 
Fig.  52.  sun  —  the  longitude  of  the  perigee. 

We  must  here  remark,  that  the  solar 
perigee  is  not  a  fixed  point  in  the  hea- 
vens, but  moveable  according  to  certain 
laws,  the  investigation  of  which  belongs 
to  the  department  of  Physical  Astro- 
nomy. It  may  be  stated,  however,  as 
a  result  of  observation,  that  it  has  a 
motion  to  the  eastward  of  nearly  12'' 
annually  *.  Of  this,  however,  it  is  un- 
necessary to  say  more,  as  the  solar 
tables,  by  the  side  of  the  column  of  the 
epochs  of  the  mean  longitude,  give  the 
epochs  of  the  longitude  of  the  perigee 
from  year  to  year.  A  simple  subtrac- 
tion accordingly  will  give  the  epoch  of 
the  mean  anomaly.  In  the  same  way, 
by  the  side  of  the  column  giving  the 
motion  in  mean  longitude  for  months, 
days,  hours,  and  so  on,  is  given  the 
motion  of  the  perigee  for  the  same,  so 
Let  P  £  A  F  be  the  apparent  ellipse    that  another  subtraction  gives  the  mo- 


*Thlt  motion,  referred  to  the  ccllpUc,  will  appear  to  be  about  62^  aonnalljri  la  eonaoquence  of  th* 
precfaaloB  of  the  equlnoxea. 
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tion  of  the  mean  anomaly  for  any  re- 
quired fraction  of  a  year*. 

We  now  proceed  to  determine  the  el- 
liptic place  of  the  sun.  For  this  pur- 
pose, as  the  real  or  elliptic  sun  is  at  Q, 
while  the  mean  sun  is  at  q,  we  must  find 
the  angle  ^TQ,  and  add  it  to  the  mean 
longitude  e  ap  q.  This  an^le  is  called 
the  equation  of  the  centre.  Theory  gives 
us  the  equation  of  the  centre  in  terms 
of  the  mean  anomaly ;  and  in  the  solar 
tables  there  is  a  table  giving  this  equa- 
tion for  every  ten  minutes  of  mean  ano- 
maly.t  The  equation  of  the  centre  is 
subject  to  a  veiy  slow  secular  variation. 


which  tends  gradually  (o  diminish  it; 
that  is,  in  fact>  to  make  the  solar  orbit 
more  nearly  circular:  this  chanee  is 
very  small ;  the  tables  give  a  .column 
in  which,  by  the  side  of  each  value  of 
the  equation,  is  ibund  the  corresponding 
variation  for  100  years,  counted  from 
1810.  A  proper  fractional  part  of  this 
variation  must  be  taken,  according  to 
the  year  for  which  we  calculate  :  thus, 
if  we  are  finding  the  equation  of  the 
centre  corresponding  to  3^  20'  of  mean 
anomaly  in  the  year  1840,  we  find  in 
the  first  column  the  equation  of  the 
centre  =  6'  6''' 4 ;  then  under  the  head 


{Longltade  of  the  perigee  for  Jan.  Ist,  1805  =  S79°  34'  13'' 
MoUon  of  Uie  perigee  up  to  Sept.  S3      =                45^' 

Longitude  of  the  perigee  Sept  9S.  1S05  s  S79   34  68 
Moir  we  found,  for  the  Mme  Ume,  mean  longitude  of  the  sun  =r  181°  33'  3''*8 

Difference  =  mean  anomaly  =s  S61    68  5  '  8 


It  Is  important  to  remark,  that  in  the  Solar  Tablet  of  Delambre,  which  are  those  most  used,  and 
which  we  are  now  following,  the  anomaly  Is  counted  from  the  perigee  i  In  the  case  of  comets,  which 
are  always  invisible  at  their  aphelion,  this  is  absolutely  necessary  j  but  in  many  tables  of  the  sun  and 
planets  the  anomaly  is  counted  from  the  apogee. 

t  Kepler'a  first  law  glTet  us  the  equaUon 

When  e  =  V^  V  «  •  (!  —  •■) 

M  being  the  sum  of  tlie  masses  of  the  sno  and  planet. 
The  equation  to  the  eUlpse  gives 

r  =T i -' 

1  -f-  tf  .  COS.  9 

Substitttting  for  r*  in  the  first  equation,  we  get 


As 


,*(l-/>» 


dv 


f* 


*  (1  •!•  e  .  COS.  V) 


a  • 


To  integrate  this  expression,  take  another  variable  «,  such  that 

coa  «  ~  e 


coa.  0 


1  -  e  .  COS.  s 


Hence  <  +  C  =  Ji ./da  (1  -  e .  cos.  a). 

^  1 

Taking  the  time  to  run  ttom  the  perihelion,  t  s.  0  when  ■  s  0 }  and  putUng  ^ s   —    we  get 

V/*         * 
n  f  =  a  -  «  .  sin.  « (a) 

n/  is  the  mean  anomaly  ;  the  auxiliary  angle  »  is  technically  termed  the  eccentric  anomaly*  a  the  trno 
anomaly.    It  will  be  seen,  by  referring  to  the  value  of  cos.  a.  that  the  following  relation  holds 


From  equaUon  (fr)  we  get  the  series 


+  « 


•  tan.    -r*  .  ,  ,  ,  .  •  (6) 


e  =  II  -f  e  .  sin.  tc  +  i---   .  sin.  S  a (e) 


and  from  equation  (a) 


rS 


«  s  a<  +  «  .  sin.  nt   +  -^  .  sin.  9m< 


(rf) 


Subfttituting  in  (e)  the  value  of  a  from  (d)  we  get 

t  =  nt'^2e  ,  sin.  n<+  -^  •  ^'«  'l**'  ^"^ ^^^ 

Now,  the  vquatiou  the  centre  =  tnic  anomaly  -  the  mean  anomaly, 

e 


(e) 
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secular  variation  1^*04  :  the  liandredth  being  supposed  divided  into  a  thousand 

part  of  this,  *0104,  will  oe  the  variation  parts;  they  are  preceded  by  a  column 

for  one  year ;  we  must  multiply  this  by  headed  N,  which  gives  the  supplement 

30,  the  number  of  years  from  1810,  of  the  moon's  node,  which  is  necessary 

which  ^ves  *312;  it  will  be  observed,  for  the  calculation  of  nutation.    These 

by  looking  to  the  top  of  the  column,  that  columns  give  us  the  respective  quan- 

the  secular  variation  is  negative ;  this,  titles  (technically  called  argumenU)  with 

then,    must  be    subtracted    from  the  which  we  enter  another  table,  which 

equation  of  the  centre  above  found,  and  gives  the  corresponding  effects  on  the 

we  finally  get  its  value  for  the  time  re«  longitude  of  the  sun.    All  these  must 

quired  6'  6"'08.  be  added  t(^ther  to  get  the  total  quan- 

The    equation    of  the  centre  being  tity  of  the  perturbations,  and  then  ap* 

added  to  the  mean  longitude  of  the  sun,  phed  to  the  sun*s  longitude, 

we  have  now  got  his  elliptic  longitude.  Lastly,  it  would  be  necessary  to  take 

but  we  have  not  yet  got  his  apparent  into  account  al)erration.  The  solar  orbit 

place,  as  there  are  still  some  trifling  in-  being  very  nearly  a  circle,  the  aberration 

equalities  to  be  considered.    In  the  first  of  the  sun  is  sensibly  constant,  and 

place,  we  have  already  shown  that,  in  always  equal  to  20"'23 :  it  is  found,  in 

consequence  of   the    nutation  of   the  consequence,  more  convenient  to  include 

earth's  axis,  the  real  place  of  the  equi-  it  in  the  epochs  of  the  table :  it  has  been, 

nox  oscillates  about  the  mean  place ;  and  in  forming  the  epochs,  already  taken  into 

as  we  want  the  sun*s  longitude  counted  account.    Strictly  speakingt  the   sun*8 

from  the  real  equinox,  we  must  add  to  orbit  being  an  ellipse,  the  aberration 

his  mean  longitude  the  motion  of  the  varies  a  little  in  difrerent  piprts  of  the 

equinox  on  the  ecliptic.    We  have  seen,  orbit,  and  a  small  table  shows  the  quan- 

page  159,  that  this  is  represented  by  the  tity  to  be  added  for  every  three  degrees 

expression  -   18  .  sin.  S2   •  oot.  2  *r,  of  true  anomaly:  but  as  the  maximum 

where  S2  is  the  longitude  of  the  moon*s  of  the  variation  is  only  0''*34,  we  need 

node,  and  «  the  obliquity  of  the  ecliptic,  take  no  further  notice  of  it  in  this  place. 

This  formula  has  been  reduced  into  «  Resuming  ail  that  has  been  said,  we 

table,  where  for  every  ten  *  parts  of  the  find  the 

supplement   of  the   longitude    of   the  Tri^e  lon^[itude  Q  =  metm  longitude 

moon  s  node  the  motion  of  the  equinox  0  -|-  equation  of  the  centre  +  nutation 

on  the  ecliptic  is  given.  This  only  gives  +  perturbations, 

us  the  lunar  nutation :  if  we  wish  to  be  The   sun*s  latitude  may  always  be 

very  accurate,  we  must  take  into  account  supposed  =  0,  though,  in  fact,  the  per- 

the  solar  nutation ;  this  depends  directly  turbations  produce  a  very  small  latitude, 

upon  the  sun's  mean  longitude  t,  and  which  never  amounts  to  1''. 

another  small  table  gives  the  effect  on  We  have  now  found  the  sun's  appa- 

the    equinox  from  five   to    five    days  rent  position  in  the  heavens,  or  the  di- 

throughout  the  year,  rection  in  which  he  is  viewed:  the  ellip- 

Besides  all  this,  the  attractions  of  the  tic  theory  gives  us  his  distance  or  radius 
larger  planets,  Venus  and  Jupiter  parti-  vector,  or  rather  its  losrarithm.  in  terms 
cularly,  disturb  the  orbit  of  the  earth,  of  the  mean  anomaly.  This  will  be  found 
and  prevent  that  body  from  describing  tabulated  for  every  degree  of  mean  ano- 
exactly  an  ellipse.  The  calculation  of  maly,  and  other  tables  give  the  effect  of 
these  perturbations  belongs  to  the  the  perturbations  upon  this  logarithm, 
highest  department  of  mathematical  It  must  be  observed,  that  here  also  is  a 
science ;  it  is  enough  for  our  purpose  in  secular  variation,  forming  a  column  by 
this  place  to  mention,  that  the  effects  of  the  side  of  the  logarithms  of  the  radius 
these  perturbations,  as  well  on  the  vector,  to  be  applied,  as  we  have  ex- 
epochs  as  on  the  motions  for  days,  plained,  when  speaking  of  the  secular 
hours,  &a,  are  given  in  the  tables  in  variation  of  the  equation  of  the  centre, 
columns  headed  respectively  A,  B,  C,  The  sun's  mean  horizontal  parallax  is 
and  so  on.  These  numbers  A,  B,  C, . . .  about  8"-5 :  the  parallax  in  altitude  may 
represent  the  angular  distances  of  the ,  be  deduced,  from  it  by  the  usual  for- 
different  planets  from  the  earth,  as  .1  mulae.  The  horizontal  parallax  varies 
seen  from  the  sun,  the  circumfereneejlinversely  as  the  distance  from  the  earth: 


*  The  whole  ctrcainference  l«  supposed  divided  Into  1000  parts, 
t  Tlie  formuU  Is  —  l"3i  ,  siii.  S  A  .  cot.  »,    See  page  ICl. 
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but  its  viiriations  are  so  small  as  to  be  of  the  meati  mn,  as  it  is  called,  S'^  is 

quite  insensible.  always  equal  to  the  longitude  of  S', 

It  is  of  importance  to  know  the  snn*s  which  is,  as  we  have  beibre  stated  in 

apparent  semi-diameter :  this  also  varies  oUier  terms,  the  mean  longilude  of  the 

inversely  as  the  distance  from  the  earth,  sun.    By  referring  to  what  has  been 

that  is,  as  the  radius  vector:  it  is  given  said,  page  193,  about  S',  it  will  be  seen 

in  the  tables  for  every  degree  of  mean  that  tnis  relation  must  subsist :  as  both 

anomaly  (the  radius  vector  itself  being  S'  and  S"  start  from  the  same  point, 

a  function  of  the  mean  distance  and  and  describe  the  one  the  eauator,  the 

mean  anomaly) :  the  hour  angle  sub-  other  the  ecliptic,  with  an  umform  velo- 

tended  by  the  semi-diameter  is  equal  to  city  in  the  same  time.  The  daily  returns 

the  semi-diameter  divided  by  15  x  cosine  of  S"  to  the  meridian  determine  the  inter- 

of  the  declination.  This  is  placed  in  an  yal  called  the  mean  solar  day,  and  mean 

adjoining  column.  time  depends  absolutely  on  the  right 

The  motion  of  the  sun  in  longitude  in  ascension  of  S",  the  mean  sun,  or  rather 

any  given  time  varies  inversely  as  the  is  identical  with  it.    True  time,  on  the 

square  of  the  distance  of  the  sun  from  contrary,  is  measured  by  the  true  right 

the  earth  •.    Tliis  variation  is  not  con-  ascension  of  the  sun,  and  the  difference 

siderable,  as  the  solar  ellipse  differs  not  between   true  and  mean  time,  called 

much  from  a  circle ;  still,  however,  it  is  technically  the  equation  oftime^  is  equal 

necessary  to  take  into  account  the  effect  to  the  difference  of  these  two  right 

Produced  by  the  variation  of  distance,  ascensions, 
'he  tables  give  the  motion  in  an  hour.        The  equation  of  time,  however,  may 

or  the  horary  motion,  corresponding  to  be  represented  in  another   form.     It 

every  different  degree  of  mean  anomaly ;  evidently  depends  upon   two   causes; 

the  distance  from  the  earth,  or  radius  the  unequal  motion  of  the  sun  in  the 

vector,  being  a  function  of  the  mean  ecliptic,  and  the  inclination  of  that  orbit 

anomaly^  and  it  being  more  convenient  to  tne  equator.    The  first  effect  is  re* 

to  express  the  horary  motion  in  terms  of  presented  by  the  equation  of  the  centre ; 

the  latter  than  the  former  quantity.  the  second  by  the  difference  between 

The  longitude  of  the  sun  being  once  the  longitude  measxured  on  the  ecliptic 

known,  we  may,  by  the  method  already  and  the   same  when  reduced  to  the 

explained,  calculate  his  true  right  asoen-  equator.   Consequently*  (neglecting  the 

sion  and  declination.  Astronomers  sup-  perturbations,)  the  equation  of  time  = 

pose  a  fictitious  sun,  S",  which  describes  equation  of  the  centre  +  the  reduction 

the  equator  with  an  uniform  velocity,  of  the  true  longitude  to  the  equator.  As 

exactly  in  the  same. time  that  the  true  to  the  reduction  to  the  equator,  it  may 

sun,  S,  descril)es  his  orbit ;  both  being  be  expressed  in  terms  of  this  kind — 

supposed  to  start  together  from  the  real  ..•^.^^..^      -.i^ 

vernal  equinox,  and  to  return  to  it  again  **»•    g  •  ^^*  ^  ©  ""^^°-  "y  **°'  ^  © 

at  the  tame  moment    This  sun,  S".  is  ^^ere  0  is  the  true  longitude  of  the 

not  to  be  confounded  with  the  other  g^^* 

fictitious    sun,    S',    before-mentioned,       ^^'^he  obliquity  of  the  ecliptic  is  a 

which  describes  the  ecliptic  with  uni-  ^^^^  important  element  of  the  solar 

form  velocity,  but  there  is  this  relation  theory,  it  is  desirable  to  explain  how  it 

between  them,  that  the  nght  ascension  ^^y  '^^  determined  with  the  requisite 

*  .-r<  s  Telocity  of  the  earth  In  its  orbit  «    •% 

t  If.  In  Flu.  61 ,  we  call  qp  M  which  U  the  pro-  (1  -  a).  «in.  2  X 

JecUon  of  qp  S  on  the  equator,  « }  and  qp  s  or  -  i  +  •  4.  cos.  8  X  -  n.  cos.  2  A. 

the  longitude  X,  the  angle  S  qp  M  or  the  obliquity  1  +  » -T 

being  •»,  we  have  the  equation  j  _,  *~*    ^i,,^  j  x 

tan.  a  =  cos.  »,  tan  X  ^H-» . 

=  ».Un.  X    calUngco(.ar,a4  1_» 

un.  X  -  un. «  '-f  -nrr-  ^^  ^  ^ 

Un.  (X  -  «)  =  -r-rr r-- *+» 

1  +  un  X.  tan.  «  „.  ,ln.  2  \ 

(1  —a),  tan.  X 


1  +  a.  tan.t  X  1  -  n 

_  (1  -  a),  sin.  X.  cos.  X  putting  m  =  ^-^ 

"^  co».«  X  +  n.  sin.  •  X 
but  by  trigonometry  «•  h*Te  tha  foUowing  series : 


I  -i-  m.  cos.  2  X 
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degree  of  precision.    If  at  the  instant  the  place  of  the  summer  solstice,  op  that 

of  the  solstice  the  sun  were  on  the  me-  of  the  vernal  equinox,  cp  S  the  sun's 

ridian,  we  should  only  have  to  observe  longitude,    S    M    the    sun*s    dedina- 

the  meridian  altitude  of  his  centre,  cor-  f  ion   when  near  the  solstice,  S  cy^  M 

rect  it  for  refraction  and  parallax,  then  the    obliquity    of  the    ecliptic.     Call 

adding     or   subtracting    this   altitude  S  M,  a;    cyD  S,  a;    and   S  qp  M, 

from  the  heii^ht  of  the  equator  above  «.     Then , sin.  A=sin.  cp  sin.  *»:  and 

the  horizon,  (that  is,  the  complement  of  each    separate   observation    gives    us 

the  latitude  of  the  place,)  according  as  an  equation  of  this  form.    We  shall 

we  are  observing  the  summer  or  winter  show  that  from  each  of  these  equations 

solstice,  we  should  have  half  the  obli-  the  value  of  the  declination  at  the  sol- 

quity  in  question.    If  we  observe  both  stice  may  be  found.    We  shall  thus  get 

solstices,  we  have  only  to  subtract  the  several  values  of  this  declination,  the 

meridian  altitude  at  the  winter  solstice  mean  of  all  of  which  will  be  necessarily 

from  that  at  the  summer,  to  get  imme-  very  exact. 

diately  the  obliquity.    As,  however,  it        Let     a    be    an    observed   dedina- 

will  very  rarely  happen  that  the  sun  is  tion  which  we  wish  to  reduce  to  the 

on  the  meridian  of  the  observer  at  the  solstice :  that  is,  from  which  we  wish  to 

instant  of  the  solstice,  we  must  have  re-  conclude  the  declination  at  the  instant 

course  to  other  methods.  of  the  solstice.    Let  2  be  the  difference 

Measure  the  meridian  altitude  of  the  between  them :  then  the  declination  at 

sun  daily  for  several  days  before  and^  the  instant  of  the  solstice,  or 
after  the  solstice;  as  the  latitude  of  the' 
place  of  observation  is  supposed  known 
each  of  these  observations  will  give  us 


•r  =  A+  5 
-.  *r i  =  A 

but  sin.  A  =  sin.  a  .  sin.  «* 

sin.  («  —  2)  =  sin.  A  .  sin. « 
or  taking  x  =  90®  -  a  * 
sin.  (*r  —  S)  =  cos.  X.  sin.  f 

where,  as  we  are  now  near  the  solstice, 
X  must  be  a  small  arc  t*    Developing 


the  declination  of  the  sun  at  the  moment 
of  observation :  the  problem  is  to  con- 
clude from  all  these  declinations,  the 
declination  at  the  instant  of  the  sol- 
stice. 

Referring  to  the  right-angled  sphe- 
rical triangle  cya  S  M,  Fig.  51 ;  let  S  be    this  equation 

cos.  I  —  cot.  u.  sin,  I  =  COS.  x  =  1  —  2.  sin.«  i  x 

cot. «  sin.  3  =  2  sin.* 2  sin.*'— — 

2  •   2 

sin.  3  =  2  tan.  «# .  sin.  *  4  x  —  2  tan.  « .  sin.* 


2 


(a) 


Now,  as  near  the  solstice  J  is  very 
small,  the  last  term  of  this  equation  may 
be^neglected,  and 

sin.  3=2.  tan.  *r .  sin.  *  ^  x. 

It  is  true  that  this  value  of  3  involves 
*»,  which  is  the  very  quantity  we  are  try- 
ing to  find ;  but  it  is  to  be  remarked, 
that   «  is   always    known  very  nearly 

sin.  J  3  =  i  sin.  3 
we  get 


indeed,  and  we  are  only  trying  to 
get  it  with  the  greatest  accuracy :  as  3 
itself  is  a  very  small  quantity,  no  sen- 
sible error  can  arise  from  a  small  un- 
certainty in  the  value  of  «.  However, 
this  value  of  sin.  3  is  only  approximate : 
to  be  more  exact,  we  must  substitute  it 
for  sin.  3  in  the  last  term  of  equation 
(a) :  or  taking 

=  tan.  •» .  sin.  •  J  x 


m^  1 

X  -  cc  =  m.  sin  S  X .  sin.  4  X  +---in.3  .  tin.  C  X 

2  3 

_    ^  1  -  COS.  •»        ^        ,  •» 

Batm  = =  Un.*-— — 

i  +  COS.  •»  2 

tan*  .  ^ 


.•.X-«=  tBn.«  "Y  »'»n- 2  >•  - 
or  exprcRsin^  the  reduction  in  seconds 


•  sin.  4  X 


X  -  a  = — : — m  «in.  2  X  — 


tBn.4   .• 


T 


-.  sin.  4  X 


Bill.  1"  ~ 2siu.  1" 

•  At  tlie  winter  Rolsllce  \re  must  taltc  X=  270°-  A.  t  X  shouM  never  be  greater  than  12°. 
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sin.  2  =  2.  tan.  m .  sin."  J  x  —  2 .  tan.'  u .  sin.^  \  x» 
To  simplify  this  expression,  we  may  put  )  instead  of  sin.  \  and  instead  of  8ln« 
}  X,  we  may  put  4  >.  —  /g .  >•  * 

•  •.3  =  4  tan.  *.  X  •  -  5«j ,  tan.  m{\  +  3 .  tan.*  *;)  x* 
+  &c 

To  express  the  arcs  %  and  x  in  se-  place  of  the  equinox  with  great  exact- 

conds,  we  must  multiply  the  terms  of  ness,  as  referred  to  the  fixed  start: 

the  series  respectively  by  sin.  1".    Since  when  they  are  repeated  alter  an  interval 

m  varies  very  slowly,  we  may  consider  of  a  few  years,  it  will  l)e  seen  how  much 

the  coefficients  of  x*,  x^  and  so  on,  as  the  equinox  has  changed  its  place  in 

constant :  and  calling  them  A,  B  •   •  •  consequence  of    precession.     Since  a 

we  have  l  =  Ax  +  Bx*+ knowledge  of  the  latitude  of  the  place  is 

This  is  the  expression  for  the  reduction  involved  in  the  determination  of  \  it 

to  the  solstice  ;*  « thus  determined  is  only  is  necessary  to  observe  both  equinoxes* 

the  apparent  obliquity :  to  get  the  mean  that  errors  arising  from  this  and  other 

obliquity  ft  we  must  apply  the  correc-  sources  may  compensate  each  other  {. 
tion  for  nutation,  as  has  been  already       The.next  element  to  be  found  is  the 

explained  when  treating  of  that  inequa-  position  of  the  major  axis  of  the  solar 

lity.  ellipse,  or  of  the  perigee  and  apogee  of 

The  next  element  of  importance  to  be  the  orbit.  These  may  t)e  found  roughly* 
ascertained  is  the  position  of  the  equi-  by  observing  the  diurnal  motion,  as  at 
nox,  and  the  quantity  of  its  annual  the  perigee  the  sun*s  velocity  is  greatest, 
motion  on  the  ecliptic  This  is  easily  and  least  at  the  apogee.  But  to  find 
done  when  the  obliquity  of  the  ecliptic  these  points  more  exactly,  we  must  re- 
is  known.  For  some  days  before  and  mark,  that  they  are  exactly  180°  from 
after  the  equinox,  his  meridian  zenith  each  other,  and  that  the  sun  takes 
distance  must  be  observed,  and  hence  exactly  half  a  year  to  pass  from  one  to 
the  dedination  found  daily,  just  as  in  the  other.  The  union  of  these  two  pro- 
the  observations  for  the  solstice.  Now  perties  characterises  exclusively  the  pe- 
each  observation  gives  us  an  equation  rigee  and  apogee  of  the  orbit :  the  two 
of  the  form  points  in  the  sun's  orbit  which  satisfy 

_  tan.  I         \  this  condition  are  the  points  required. 

*'**'  *  ~  tan.w  ^^'  ^^  ^®  ^'**^  through  the  centre  of  the 

earth  any  straight  line  which  is  not  the 

m  [being  i  the    right   ascension   of   the  axis  major  of  the  orbit,  this  line  will 

sun.    It  is  to  be  observed,  that  the  de-  intersect  the  sphere  of  the  heavens  in 

clination  )  must   be   necessarily  very  two  points  180°  from  each  other;  but 

small,  and  m,  will  be  determined  with  the  time  taken  by  the  sun  to  pass  from 

exactness,  even  if  «  be  not  quite  pre-  one  to  the  other,  will  never  oe  exactly 

cisely  known.    Knowing  «,  or  the  right  half  a  tropical  year, 
ascension  of  the  sun  at  mid- day,  add  to       We  must  now  determine  the  excen- 

it  the  time  of  culmination  of  some  given  tricity  of  the  orbit.*"  This  may  be  done 

star,  then  the  right  ascension  of  the  star  roughly  by  observing  the  greatest  and 

fixes  the  place  of  the  equinox.    Several  least  apparent  diameters  of  the  sun  : 

observations  of  this  kind  will  give  the  since,  the  apparent  diameter  varying  in - 


«  Differentiating  tbe  eqamtlon  sin.  A  "=  ein.*  .  sin.  A,  with  regard  to  «»  and  A*  ^e  hare  tf  A  • 
COB.  ^  =  dm  .  coi.  •» .  Bin.  A :  dividing  the  second  equation  by  the  first 

d  A  •  cot.  A  =  <^  •  cot.  t» 
ltdt*=  -1" 

then .  i  A  =  -!''.  cot.  «*  .  tan.  A* 

We  thns  get  the  Taiiatlon  produced  in  the  declination  by  a  diminution  1''  In  the  obliquity. 

<t  In  the  course  of  a  few  days  the  change  of  apparent  place  of  the  star  from  aberration,  See, 
would  be  quite  insensible ;  yet.  If  necessary,  it  might  be  allowed  for. 

t  To  estimate  tbe  effect  produced  on  the  equinox  by  a  Bmall  error  on  the  declination,  we  must 
differentiate  with  regard  to «» and  ^  the  expression 

tan.  J        . 

sin.  «  =  •  *"<*  ^*  K*^ 

tan. « 

—  =  tan.  a* .  cos. « .  cos.*  A- 
d» 

At  one  eqnioox  «  Tery  nearly  =  0,  at  the  other  it  nearly  =  180^ }  consequently  in  these  two  cases 
COS.  0  will  have  difl'ereut  signs,  while  tan.  v  and  cos.  ^  will  retain  tbe  same  sign. 
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versely  as  the  dtstaftee,  these  observa-  ittethod  from  having  any  accuracy.  The 

tiona  will  gi?ta  us  the  ratio  of  the  greate&t  way  in  which  we  must  proeeed  is  this, 

and  least  distances  from  the  earth,  and  The  theory  of  elliptic  motion  gives  the 

hence  we  have  (he  excentricity  of  the  excentricity  in   terms  of   the  greatest 

orbit.    But  the  nature  of  such  observa-  equation  of  the  centre,  (hat  is  of  the 

tions,  and  the  smallness  of  the  varia-  greatest  value  which  the  equation  of  the 

tions  in  the  semi-diame^r,  {Prevent  this  centre  attains*.    The  problem  Is  then 

E 
*Can  the  greatest  HfuaUon  of  the  centre  Efdnd  pal -^  =  i,  where  It  la  the  radiui  espreated  in 

n 

Mconds  I  and  let  the  excentricity  be  e,  then 

2  7tt» 

e  being  expreased  in  aeconds. 

"to  demonstrate  tiila  aeriei,  we  must  net  out  from  the  principle,  thai  nt  the  morocht  of  the  greatest  equa- 
tion of  the  centre  the  troe  angular  motion  of  the  aan  In  equal  to  hie  iriean  angular  motion.  Now  ihb 
Uttek-  is  proportional  to  the  time  deserlbed  i  call  It  v,  and  ibe  Ume,  from  the  origiu  (,  let  T  be  the  time 
of  a  whole  revolution,  then  cTldvutiy 

Witli  regard  to  the  tnie  motion,  we  know  that  the  arcs  described  are  proportional  to  the  times  of  de- 
icHbing'them.    flow  if  the  tirfie  bb  v«ry  small,  thte  urea  traced  but  by  the  radius  tbctol-  is  very  nearly 

— g-  ;  r  being  the  radius  rector,  and  ^  Its  angular  motion  in  the  short  time  t.    The  smaller  p  Is,  the 

more  exact  Hoes  this  expreftlon  become,  so  that  by  dimlnlshlni;  it  mort  and  rtiore,  the  error  miglit  be 
rendet-ed  less  tha:i  any  giren  quantity.  Call  S  the  whole  surface  of  the  ellipse»  T  the  time  employed  to 
describe  It  f  then 

^^  '     *.  A       2S<         3ira«  ijl-ei     . 

■  ■         St  ^~-  or  S'  =  .  ■-     ts  ^  •  t 

as  T         ^        r*  T  r«  T 

•  being  the  semi-axts  m^jor,  e  the  excentricity  of  the  ellipse. 
^  Now  f  is  equal  to  v  at  the  moment  of  the  greatest  equation  of  tht  centrei  or 

2Tt        2«r(»«Vl-««     * 

— ——     K  ...    ■        .  •    t 

T  r«  T 

r  «  o  (I  -  ««)*  . 

this  e^natlon  not  InvoWittg  /,  wtU  be  equally  truft.  whatever  value  we  attribute  to  that  quantity ;  and 
this  expttssion,  tvbich  we  have  deduced  from  a  certain  supposition  with  regard  to  t,  will  not  be  nereig 
approximate,  but  rii^oroualy  exact. 
Now  the  polar  equation  to  the  ellipse  Is 

r  =       «•  t^-**) 
~    1  +  e  .  cos.  4 
Sttbstltutlng  for  r  the  valne  we  have  juai  found,  we  get 

1  +  e  .  coa.  I  =  (1  -  «»)* (a) 

The  equation  (c)  in  the  note  to  page  194,  gives  us, 


•"•T"  v/S'-'^T- 


This  equation  may  easily  be  transformed  Into  the  following, 

1-cB 


I  —  e  ,  coB.tt  = 


1  +  «  •  cor.  4 
In  the  parUcular  case  we  are  now  treating 

1  -  c.  cds.«  =  (1  -c*)* 


.'.  cos. 
Put  a'  =  90O  -  » 


.!«.  «-  =   '  -  (■  -  '")* 


Becurriog  to  eqcation  (a)  we  get  from  it, 

{l-(l-f«)}* 
cos.  I  s  -   '. ^ il— 

$ 

and  putting  ^  s  ^  -  00^ 

e 
6inca  8  Is  very  small,  f  and  «'«re  snail  quantities  of  the  same  order,  we  may  then,  not  going  beyond 
terms  involving  e^  get 
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reduced  tofindinit  thtt  KmtMt'eqwtioii  diffierenoe  of  the  true  longitude  KTQ'» 
of  the  centre.  Now  if  we  refer  to  fig,  £  T  Q  observed  at  Ihe  moments  of  the 
68,  when  the  true  sun  S  leaves  its  pe-  greatest  equation  of  the  oentre*  which 
rigee  P»  (simultaneously  with  the  ficti-  moments  are  known  by  the  velocity  of 
tiouf  sun  8',  moving  uniformly  in  the  the  true  sun  beine  then  equal  to  the 
ecliptic.)  it  has  at  that  time  its  greatest  uniform  velocity.  SimilaHy^Tg'  is  the 
velocity,  in  consequence  of  which  it  difference  of  the  mean  longitudes.  By 
ioon  gets  before  S «  and  continues  to  subtracting  then  the  two  true  longitudes 
gain  on  it,  till  its  velocity,  having  reached  firom  the  two  mean  longitudes  corr»- 
a  maximum,  begins  again  to  decrease,  sponding  to  the  instants  before  men- 
It  is  easy,  however,  to  see,  that  it  will  tioned,  we  get  twice  the  greatest  equa- 
continue  to  gain  on  6',  until  its  velocity  tion  of  the  centre. 
has  decreased  so  as  to  be  equal  to  the 
velocity  of  S',  after  which  S'  will  t>egin 

in  its  turn  to  gain  on  8.    It  is  then  at  Sbctiow  IL—TbA/**  o/lAe  Mnm. 
the  moment  that  the  velocity  of  S  equals 

that  of  8',  that  the  angular  distance  be-  The  motions  of  the  moon  are  altogt- 

tween  them  will  be  the  greatest.    This  ther  much  more  complicated  than  the 

angular  distance  is  the  angle  Q  T  ^i  or  apparent  motions  of  the  sun.    The  moon 

the  equation  of  the  centre.    The  greatest  revolves  in  an  ellipse,  of   which  the 

equation  of  the  centre  corresponds  then  earth  occupies    the  focus ;    while  the 

to  the  moment  when  the  velocities  of  S  latter  body  revolves  round  the  sun,  it 

and  8'  are  equal :  and  evidently  there  carries  along  with  it  the  moon,  whose 

will  be  two  such    fj^reatest  equations,  elliptic  motion  round  the  earth,  remains 

Q  T  g,  and  Q'  T9',  in  every  revolution  unaltered  by  this  circumstance:  but  the 

of  the  sun,  one  on  each  side  of  and  sym-  attraction  of  the  mass  of  the  sun  pro- 

metrically  situated  with  regard  to  the  duces  great  disturbance  in  the  lunar 

maior  axis ;  and  a  little  consideration  motions.    Thus  the  plane  of  the  orbit 

wilLshow,  that  in  both  cases  the  true  oscillates  about  its  mean  inclination  to 

sun  is  farther  from  the  perigee  than  the  the  ecliptiov  which  is  about  5° :  at  the 

fictitious  sun.    If  we  knew  the  angles  same  time  the  axis  major  of  the  ellipse 

Q  TQ^  f  T9',  their  difference  would  turns  in  its  own  plane,  at  the  rate  of 

give  us  Q  T9  +  Q'  Tg  =  2  Q  T9,  since  about  40°  annually,  .while  the  hne  of 

the  orbit  is  perfectly  symmetrical  on  the  nodes  travels  completely  round  the 

each  side  of  its  axis.    But  Q  T  Q'  is  ecliptic  in  eighteen  years  and  a  half, 

easily  known,  for  supposing  qp  T  ^  to  The  place  of  the  moon  is  found  from 

be  the  line  of  the  equinoxes,  it  is  the  the  tables  in  much  the  same  way  as  that 


4  'as  4  88 

••^-   T^12S  "T*^884         

but  fi  <  =  «  -  0  .  coi. «  ^  90^  —  «'  -  0 .  COS.  u* 

^  -  lit  =  ^  +  ti'  +  e  COS.  •' 

i  -  nf.  In  the  case  which  we  hart  been  considering,  is  the  greatest  ^equation  of  the  centre  t  caU  It  9, 
then 

Ea/  +  a'-fe-«e.  sin*  -j  • (6) 

The  term  sin.<  -^  ■  Is  a  very  smaU  quantity  of  the  order  t\  and  It  Is  maltlpUed  by  « :  we  may  then 

put  for  it  -—    sin.'  a'  »  — -   A 
4  Id 

Sttbstftttting,  then.  In  equation  (&)  this  valuet  and  those  of  /  and  a'  found  just  abore,  we  get 

88 

85J4 

and  hence  t  -  —  E  —  —  A 

S  384 

In  the  second  tefmi  put  for  0,  —  ,  then 

e  »    --  E -r-t^. 

8  zed 
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of  the  sun.  We  begin  by  supposing  the  secular  diminution  of  tbe  excentridfy  of 
satellite  to  have  an  uniform  and  circular  the  earth*s  orbit ;  as  that  diminution 
motion ;  that  is,  we  take  from  the  tables  will,  in  the  course  of  many  ages,  attain 
the  mean  longitude  for  the  epoch,  and  a  limit,  after  which  it  will  b^n  again 
the  mean  motion  for  the  number  of  to  increase,  consequently  the  aocelera- 
days,  hours,  minutes,  and  seconds  re-  tion  of  the  moon*8  motion  will  find  its 
quired.  The  mean  place  now  ascer-  limit  at  the  same  time,  and  be  changed 
tained,  we  must  proceed  to  correct  it  into  a  retardation.  But  an  immense 
first  for  the  excentricity,  and  then  for  period  of  time,  probably  millions  of 
various  inequalities,  of  the  most  re-  years,  will  elapse  ere  this  takes  place, 
markable  of  which  we  shall  proceed  to  The  motion  of  the  lunar  perigee  is 
give  some  account.  subject  to  a  secular  retardatiofi,  depend- 
We  shall  begin  by  considering  those  ing  on  the  same  cause  as  that  which 
which  are  called  the  secular  inequalities,  produces  the  acceleration  of  the  mean 
to  distinguish  them  from  those  called  pe-  motion.  Consequently  the  mean  ano- 
riodic,  because  they  have  a  period  suffi-  maly,  which  is  equal  to  the  mean  lon^- 
ciently  short,  to  have  been  described  a  tude  of  the  moon,  minus  the  mean  Ion- 
great  many  times  since  astronomical  gitude  of  the  perisree,  is  subject  to  a 
observations  were  first  made.  We  secular  equation,  which  is  equal  to  the 
have  seen  the  existence  of  such  secu-  difference  between  the  two  former. 
)ar  variations  in  the  position  of  thepe-  The  motion  of  the  nodes  is  subject, 
rigee  and  the  excentricity  of  the  earth*s  like  that  of  the  perigee,  to  a  secular 
orbit.  But  the  mean  motion  of  the  retardation.  Generally,  if  we  call  the 
earth  is  subject  to  no  such  acceleration :  acceleration  of  the  mean  motion  1,  that 
it  is  a  result  of  the  laws  of  gravitation,  of  the  perigee  will  be  represented  by 
that  the  major  axes,  and  consequently  *  3*00052,  and  that  of  the  node  by 
the  periodic  times   of  all  the  primary  —  0*73452, 

planets,  are  invariable.    But  this  is  not        Of  the  periodic  inequalities  the  most 

the  case  with  regard  to  the  moon.    It  remarkable  is  the  evection.    Its  effect 

is  found  that,  when  we  compare  ancient  is  to  diminish  the  equation  of  the  centre 

eclipses  of  the  moon,  observed  upwards  in  the  syzigies,  that  is  when  the  moon  is 

of  seven  hundred  years  before  Christ  by  in  conjunction  or  opposition  vrith  the 

the  Chaldeans,  with  recent  observations,  sun ;  and  to  increase  it  in  quadratures, 

that  they  give  the  moon*s  mean  motion  that  is,  when  there  are  90^  of  angular 

much  less  than  that  which  results  merely  distance  between  these  bodies.    But  the 

from  the  comparison  of  modern  obser-  evection  does  not  depend  solely  upon 

vations  with  each  other*.    The  same  this  angular  distance;  it  also  depends 

fact  results  from  the  comparison  of  the  upon  the  distance  of  the  moon  from  the 

Arabian  observations  with  those  of  mo-  perigee  of  her  orbit.    This  equation  may 

dem  astronomers.    La  Place  has  shown  be  represented  generally  by  tne  following 

that  this  acceleration  is  caused  by  the  expression : — 

1^  16'  29"-6  .  sin.  {2  (  ^  -  0)  -  A}  +  31"-2  sin.  2{2(<  -©)-A}t 

where  (  is  the  mean  longitude  of  the  case  the  evection  will  be  nothing.    It 

moouy  0  that  of  the  sun,  A  the  mean  will  attain  its  greatest  value  when  2 

anomalv  of  the  moon.    In  the  syzigies,  (a  —  0)  =  90®  or  270**;  that  is,  when 

when  the  moon  at  the  same  time  is  in  the  moon  is  in  quadratures,  and  when 

its  perigee  or  apogee,  2  ((  --  0)  will  at  the  same  time  A,  or  the  mean  anomaly, 

be  =  0  or  180^  as  also  will  A;  in  this  =  90®.    In  this  case,  it  =  1®  16'  29"-6. 

•  At  Ptolemy,  who  records  Uiese  eclipaes,  giree  .  -.  ^_.  .    _^^^  -  ^^  ...    *-,^_i.  41..*  „„^ 

the  day  aod  hour  mt  which  the  principal  pfiasea  ,t  ^}  ""^  ^  """  I^""^  }u}\il!S^1^3'!^^J^^ 

(Uieh^DaiiigaDdeDd)wereobaeVTed,weiDayde.  rally  in  the  coDjunctlon.  the  eTection  will  Jare. 

teriiiiD?Uie  in.tant  wLn  the  moon  was  exactly  f;?"'?^/^^  to  the  equation  of  tl.e  centre  j  for 

190^  in  longitude  from  the  sun.    Now  we  can  »>»•"«  ( ^  "  0)  MnS  T^^'l.V**  *'*"^'  ^  "TT 

easily  And  the  sun's  longitude  at  that  Ume,  and  n«n  Is  .educed  to  -  A.  *;!«»»»«'«■»  n«»^;; 

hence  we  can  get  that  St  the  moon.    This  is  the  •  »"  J  f?f  •no«n«»y  »•  Iff  'hf°i®?.\l°f  ^^^7^ 

true  longitude?  if  we  correct  her  place  for  the  fj*"  *CIV?*"."'I'v**"k  *"hh'/."*.i?"**^  i*^T 

periodic  Inequalities,  we  get  her  mean  longitude.  1»«"  °f  ^f  "n'*-*  'V*®^*  ''^SfV?  ?*  S?°  ^'^*" 

TTake  now  the  mean  longitude  for  some  givin  mo.  *"*«'  *"  "»«  second  to  be  •ublracted.    It  I*  always 

inent  in  the  modern  tables ,  the  difference  between  ^*»«"  jl*  <^«y^a^J  •'{"  t«^^«  *^^i*^"i;-  1°  ^  «f  "V 

these  mean  longitudes  gives  us  the  moon's  mean  PoaWona,  sln«je  ^  (1  "  ©)  =  3^;  »»»•  argument 

motion  on  the  eclipUc  in  the  interval  between  ^*  'educed  as  before  to  -  A,  and  the  same  conse- 

them.  adding  to  It  the  proper  number  of  whole  dr.  ^;T•S/*''?'^•r^""VlS  ?^  1?      r^      V^^'I^ 

cumfereaces.  The  mean  motion  may  also  be  found  «»"?»•'   ^  7 .©  =  •^t'.  *    L^  ^l^Ji^l'  "3 

by  comparing  two    mean  longitudes  of  modern  **>«  argument  becomes  sin.  (l80«-A)=«in.A;  and 

times,  and  in  Uiis  case  the  mean  noUon  wiU  be  "«  •»  '<>'  *^«  »**«'  quadratures, 
found  In  be  omch  more  rapid. 
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The  next  great  periodie  inequality  ia       Resuming  then  vhat  haa  been  said, 

the  variation,  which  disappears  in  syzi-  we  find  that  the  moon's  true  longitude 

gies  and  quadratures*  and  attuns  its  =  mean  longitude  +  e^iuation   of  the 

greatest  value  when  the  moon  is  in  centre  +  evection  +  variation  +  annual 

•octants,  that  is  at  45^,  135^,  225^,  or  equation  +  equation  of  long  period  + 

315^  of  angular  distance  from  the  sun.  perturbations  +  nutation. 
This  inequality  depends  then  on  this       The  moon*s  latitude  is  found  much  in 

angular  distance ;  and  its  period  has  the  same  way  as  her  longitude.    We 

-been  discovered  to  behalf  a  synodical  begin  by  supposing  the  inclination  of  the 

revolution.    It  may  be  represented  ge-  orbit  to  the  ecliptic  invariable.    In  this 

nerdlly  by  the  formula  ease,  calling  the  difference  between  the 

+  39'  30"  sin.  2  (  C  -  O)  jf"*  ^^T^^^"!®  ^^f  r.%"'?^'*  !5"i^^*l?' 

_,       .     ,  .  ,.,    ,  ,  her  node 'i^',  the  latitude  ^,  and  the  obh- 

Tnere  is  also  an  inequality  known  by  quity  i,  then 

the  name  of  the  annual  equation,  which  '   tan  ^  -  tun       am  .f 

«       »     •.         .    ,        .         *       i<  /•  lan.  9  —  Ian.  t  •  sin.  v 

has  for  its  period  a  solar  anomahstic  year.  .  .  .; 

It  is  of  exactly  the  same  form  with  the  ®^'  ^^^^  ^  *^^  '  ^^  "^^y  ™*^^ 
equation  of  the  centre  of  the  sun,  but  it  ^  =  '  sin.  ^ 

has  an  opposite  sign.    Its  analytical  ex-  =  6^  8'  59''*  8  sin.  ^. 

pression  is  11'  13"-7  sine  of  the  mean  j^  jg  tj^g  fi^st  term  of  the  expression 

anomaly  of  the  sun.  J^is  inequahtyhas  ^r  the  latitude ;  we  must  add  to  it  the 

a  great  ana  ogy  with  the  secular  equa-  y^;^^^  inequalities, 
ion,  since  it  is  produced  by  the  inequa-        Qne  of  the  most  remarkable  of  these 

lity  of  the  earth  s  orbit,  while  the  secu-  j,  ^^  inequality  which  is  proportioned  to 

lar  equation  is  caused  by  the  ^ecdar  t^^  .ine^^f  the  true  longitude.    This 

variation   m    that  excentncity.     "niis  equation  is  produced  by  the  attraction 

equation  might  be  en  irely  suppressed  if  ^fthe  teiresttial  spheroid,  and  consists 

we  modified  in  a  smtable  way  the  equa-  j^  ^  nutation  of  the  lunar  orbit,  which 

4ion  of  time,  by  making  the  necessary  corresponds  exacUy  to  the  nutation  of 

change  m  the   so  ar  equation  of  the  the  earth's  axis,  one  of  these  being  in 

centre,  and  then  calculating  the  place  of  ^^ct  the  reaction  of  the  other,  and  it  has 

the  moon  with  the  equation  of  time  thus  ^^^^  mathematicians  a  method  of  deter- 

modified*.    It  was  m  this  way  that  the  ^inj^g  ^he  compression  of  the  earth's  el- 

equation  was  first  presented  by  Tycho  ij  tj^  ^^^  independent  of  all  local  irre- 

^u^**^5,!\***u^^®''^®^^'^\^il?^^'^r?u™"*"  gularities.  This  inequality  diminishes  the 

able  that  the  apparent  effect  of  the  an-  inclination  of  the  lunar  orbit  to  the 

nual  equation  m  eclipse  is  to  mcrease  ^y^^^^  ^y^^  jhe  ascending  node  coin- 

the  solar  equation  ot  the  centre  by  its  cides  with  the  vernal  equinox;  it  aug- 

own  value ;  and  jM  the  Indians,  in  con-  ^^nts  it  when  this  node  coincides  with 

sequence,  who  determined  the  mequali-  ^he  autumnal  equinox, 
ties  of  the  sun  and  moon  merely  with       j^c  g^^est  inequality  in  latitude  is 

reference  to  eclipses,  made  the  solar  ^^^  ^^ich  has  for  its  argument  twice 

equation  of  the  centre  too  large  by  the  ^^e  distance  of  the  sun  from  the  node  of 

whole  value  of  the  aiuiual  equaUon.  ^j^e  lunar  orbit,  and  is  proportional  to 

The  last  inequality  we  shaU  notice  is  ^^^  cosine  of  that  angle.   Tlie  motion  of 

the  equation  of  long  penod.    This  has  the  lunar  node  has  an  inequality  depend- 

Its  name  from  its  period  being  of  184  -  ^^^  ^^^  ^^  ^^  ^^  ^^^ 

years.    Its  analyUcal  expression  is  These  two  inequalities  together  may  be 

47"*51  sin.  {2$2  +  tj«^3<p}  represented  by  supposing  the  true  pole 

where  a  i»  tbe  longitude  of  the  moon's  ^^  ^^^  lunar  orbit  to  oscillate  round  the 

node,inthatofherperigee,^thatofthe  yean  Pole  in  a  small  ellipse,  which  it 

sun's  neriiree  «"    -o      r  describes  m  half  a  revolution  of  the  sun 

^    '^    *  with  regard  to  the  lunar  node,  that  is  in 

\7S'^30996. 

*  Tbt  exprenlon  for  tbe  solar  equation  to  the  The  attraction  of  the  SUU  On  the  moOn 

centre  It  1*  55' 87"0  .In.  mean  anomaly  of  the  feeing  different  at   different   distances 

•aot  the  ezpreulon  for  tbe  actual  equation  is  °  ...  •      «i      i  t_*x     « 

-11'  i8"-7  sin.  mean  anomaly  cf  the  sun.  Com-  causes  variations  in  the  lunar  orbit  of 

bioing  these  two,  we  bare  i*»  44'  io"'6  sin.  mean  which  wfi  havc  already  scen  an  instance 

anomaly  of  the  tun  for  our  fictitious  equation  of  ;_    -i^^    onfiiinl    onnntinn        Tn    faof-    fh* 

the  centre,  with  which  we  must  calculate  tbe  lictJ-  ^^  '"®    annual    equaiion.      in    laCC    tnc 

tious  eqaation  of  time.  Bat  there  la  no  practical  nearer  the  sun  IS  to  the  moon,  its  attrac- 

advantage  in  ibis  complicated  mode  of  proceeding,  ^^qj^  ^n  that  body  increasing  in  intensity 

The  annual  vquation  is  now  tabulated  and  appii^  .      j    *     j*     •    •  i:  ^u         t-  tti^      ^  *ir 

lu  the  same  way  aa  ail  tbe  other  corrtcUons.  tCUds  tO  dunimsn  the  action  Of  loe  eartn» 
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fttid  (0  dllftte  as  it  wen  the  orbit  ofthe  ratio  of  tiie  arts  for  that  of  their  t ities 

ttiodti ;  and  again,  as  the  sun  recedes,  R       tt                      W 

that  orbit  is  contiraeted^    It  is  in  this  _  s  -^   /,  n'  as  n  .  — ^, 

way  that  the  exoentricit^  of  the  sun's  H       n                        R' 

orbit  t>rodaces  the  evection,  and  at  the  NdW  it  may  b^  shown>  supposing  the 

same  time  it  must  produce  correspond-  oaKh  to  be  ah  ellipsoid,  that 

ihg  variations  in  the  radius  vector  of  the  p^  —  w  /i  —  «  ^u  •  *i 

lunar  orbit.    We  might  take  a  mean  ^  -  k  t  *      /?•  sm    fj, 

value  of  the  radius  Vector,  and  determine  where  p  designates  what  is  called  the 

by  theory  the  perturbations  by  which  it  compression,  or  the  ratio  of  the  differ- 

is  affected  ;  but  as  the  horizontal  paral-  ence  of  the  two  akes  to  tlie  axis  major* 

lax  is  the  immediate  result  of  observa-  Consequently 

tion,  and  the  radius  vector  may  always  n'  -  n  /i      «i  •;»  a  imI 

be  deduced  from  it  by  a  simple  pro-  "  ~  *^  li  -f.  sm.  .f| 

portion,  it  is  found  more  convenient  to  ^^  *  >t  will  be  observed,  is  always  less 

take  a  mean  value  of  the  parallax,  and  than  n  ( that  is,  the  equatorial  horizontal 

to  calculate  the  variations  produced  ih  it  Parallax  is  the  greatest    Knowingr  this, 

by  the  change  of  distance.  which  we  have  before  stated  to  be  equal 

This  mean  value  c*f  the  parallax,  or  *?  5?'  0''-9,  wefean,  by  the  formula}  just 

constant  of  the  parallax,  may  be  deter-  iri^n*  find  the  AoHSodtal  parallax  in 

mined  (8Uppo«ing  the  earths  mean  radius  »ny  other  latitude, 

known)  by  a  knowledge  ofthe  mean  mo-  The  apparent   semi-diameter  of  the 

tion  of  the  moon,  and  of  the  intensity  of  o>oon  may  be  expressed  in  terms  of  the 

gravity  at  the  earths  8urfaee«  which  is  horizontal  parallax.    For^  in  the  first 

found  by  observations  of  the  pendulum,  piaocj 

Now  sis  gravity  varies  inversely  as  the  ,      _R 

squai-e  of  the  distance  from  the  centre  ■*"*       ~  D 

ofthe  earth,  we  may  calculate  at  what  «„j  ^«ni«i«  au«      ^     ^j.        •  j- 

distance  the  tnoon  mu.t  be  from  that  l"lX'^  *«  "PP"""*  semi^iameter 

centre,  to  have  such  a  mean  motion  in  '                                 -p^ 

her  orbit  as  we  find  she  really  has.  This  git^.  a  =  — 

distance  gives  us  the  mean  parallax,  ^ 

•which  is  thus  found  to  be  67'  0''-9.  We  where  IV  is  the  moon*s  radius.    Itent» 

add  to  this  mean  parallax  the  perturba-  sin.  a        R' 

tions,  in  order  to  get  the  horizontal  pa-  ^-^  ^p  «  -jr 

rallax  n  at  any  required  time ;  and  this  *        ^ 

being  known,  we  have  the  parallax  for  ^ «^ 

any  given  tenith  distance  i  equal  to  n'~  H 
n  sin»  (.    It  has  already  been  observed  ^  j^; 
(see  p.  60)  that  the  earth  not  being  ex-  A  a  =*  » '  ■  "•  s±  0'2f25,  tf 
actiy  spherical^  not  only  the  line  drawn  ^ 
frotb   the   centre  of  the  earth  to  the  This,  it  will  be  recollected,  is  the  ex- 
observer  will  not  generally  pass  through  pressiott  for  the  horizontal  semi-diame- 
the  zenith,  but  the  horizontal  parallax  ter ;  for,  (Vom  tsauses  which  have  been 
is  different  in  different  terrestrial  lati-  explained  in    page  61,   the    apparent 
tudes.    It  is  only  in  the  ease  ofthe  moon,  semi-diameter  mcreases,  the  nearer  the 
which  is  so  nea^  us,  that  the  variation  body  approaches  to  the  zenith.    It  aj>- 
in  the  horizontal  parallax  arising  from  pears   from  the  formula  there  tiveo, 
this  cause  can  be  perceived  ;   in  the  that  calling  the  horizontal  seini-diame- 
case  of  that  body,  however,  it  is  abso-  ter  A,  that  at  zenith  distance  ;;,  a\  and 
lutely  necessary  to  take  it  into  account,  the  horizontal  parallax  u' ;  that 

Call  the  horizontal  parallax  at  the  ^ 

equator  n,  the  radius  of  the  earth  at  a'  = • 

the  equator  R,  D  the  distance  of  the  ^  -  "  •  cos.  C 

moon  from  the  centre  of  the  earth :  let  ^^nce 


A'  -   A  =  A  {  1  +  n'.  COS.  {    -   1} 


evidently  be  the  same  for  both.    Now 

^11  R^  R      sin.  ti  . 

sm.  n        sm.  n        H'     sm.  n' 
or,  as  n,  and  n'  are>mall,  putting  the   But      n'  =  (F2725 
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.  ^     ,  tf .  coi«  C  that  pltne,  the  filrftt  term  of  the  r^diic* 

.••A-A=s    Q.2725  tion,ful.:— 

This,  then,  is  the  expressJon  for  the  ^an. » -J-  «»•  2  (x-  ft) 

augmentation  of  the   apparent  semi-  2  ^        00/ 

diameter  as  the  moon  rises  towards  the  wUl. always  be  sufficient ;  in  which  ex- 

**^'^^^"*  pressLon,  t  is  the  inclination  of  the  orbit. 

Section  llL-^Tables  qf  the  Planets.  ^  ^**®  true  longitude  of  the  planet  mea- 

,„    ^    .     .      ,       ,      ;        .  ^,      r^  ^^^^  in  Its  orbit,  a  the  longjitude  of 

Wb  begin  m  the  planetary  tables  by  the  node  measured  in  the  same  plane, 

supposing  the  motion   of  the  planets  The  latitude  is  given  by  thb  equation 
round  the  sun  to  be  circular  and  uni-  ;«  ^      «•  •     /»       r»x 

form ;  and  thus  we  get,  as  in  the  case  of  ""*•  ^  =  "*"• '  •  *"*•  ^^  ""  5^>- 

the  sun  and  the  moon,  the  epochs,  and  W^  have  now  the  true  heliocentric  Ion- 

the  mean   motions    for   days,    hours,  gitude  and  latitude,  that  is,  the  longi- 

&c.    The  longitude,  too,  of  the  perihe-  tude  And   latitude    as  seen   from    tne 

lion,  with  its  secular  variation,  being  centre  of  the  sun.     It  is  generally  ne- 

known,  we  get  the  mean  anomaly,  by  cessary  to  find  the  geocentric  longitude 

subtracting  it  from  the  mean  longitude,  and  latitude ;  that  is,  the  longitude  and 

The  next  step  is  to  calculate  the  equa-  latitude  as  seen  from  the  centre  of  the 

tion  of  the  centre,  which  is  given  in  earth.    To  do  this,  we  must  know  the 

terms  of  the  mean  anomaly ;    and  its  radius  vector  of  the  planet  correspond- 

secular  variation.    We  have,  then,  the  ing  to  the  moment  for  which  we  have 

true  heliocentric  longitude  of  the  planet  calculated  x  and  0.    The  radius  vector 

measured  in  the  plane  of  its  own  orbit,  is  given  in  the  tables  in  terms  of  the 

To  get  the  longitude  on  the  ecliptic,  we  mean  anomaly  *,  with  its  perturbations 

must  add  the  reduction  to  the  ecliptic  and  secular  variation,  and  is  therefore 

(see  page  196);  and  as  the  planetary  known.     To  find  now  the  geocentric 

orbits  ai  e  all  very  slightly  inclined  to  coordinates,  we  must  proceed  as  follows. 

Fig.  53* 


In  Jig.  53,  let  P  be  the  place  of  the  the  distance  from  the  earth  to  the  sun 

planet,  S  that  of  the  sun,  E  that  of  the  vanishes  when  compared  with  the  dis- 

earth,  O  the  projection  of  the  place  of  tance  of  the  fixed  stars.    cyD  S  O  will  be 

the  planet  on  the  plane  of  the  ecliptic  :  the  heliocentric  longitude  x ;  /  E  O  the 

then  P  O  is  perpendicular  to  O  E  and  geocentric    longitude  x';    O  S  P  the 

O  S,  which  are  called  the  curtate  dis-  heliocentric  latitude  r,  O  E  P  the  geo- 

tances  of  the  planet  from  the  earth  and  centric  latitude,  l'.    The  angle  O  S  E 

sun  respectively.    Let  S  cyD  be  the  line  is  technically  called  the  commutation  ; 

of  the  equinoxes :  a  line  drawn  from  E  the  angle  S  O  E  the  annual  paraUax; 

to  the  place  of  the  equinox  in  the  celes-  O  £  S  the  elongation. 
tial  sphere  will  be  parallel  to  S  cp,  since 


*  By  the  equatioOB  of  elliptic  motion,  page  193, 
•  being  the  ezccntric  aoomilf . 


-—-  =  1  -  C.  COf.  • 
a 


Now  •  =  ««-!-«tln.iif  +  ^.8ln.2««    .    .    •    . 


Hence 
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Now  0SE:=ep8E  —  cpSO=  in  whicheqaation  O  &nd  x  are  known, 

difference  of  the  longitudes  of  the  earth  and  hence  the  commutation  is  known, 
and  planet.    But  the  longitude  of  the        Now.  in  the  triangle  O  £  S,  we  know 

earth  ^  180°  4-  longitude  of  the  sun  the   sides  S£  =  R.SO  =SP.  cos. 

=  180°  -{-  O  ^  =  r  .  COS.  ^  and  the  comprised  angle 

/.  commutation  =  180°  +  O  —  '^  S,  or  the  commutation.    By  Napier's 

analogies, 

SOfSE:SO-SE::  tan.  i  (E  +  O)  :    tan.  J  (B  -  O) 

S 
But  S  +  O  +  E  =  180°         .'.  i  (O  +  E)  =  90°  -  — 


.'.  tan.  i  (E  -  0)        r.  cos.  ^-  R 

cot.  S             *"  r.  cos.  ^+R 

2 

Assume 

r  cos.^ 
tan.  X  -       j^ 

then 

tan.  J  (R  +  0)      tan.  x,  -  1 
cot.  S          "■  tan.  x;  +  1 

2 

=  tan.  ix  -  45°) 

Assume  g  =  J  (E  -  O) .  whenceE  =  90°  +  {  - 


S 


.•.  tan.  {  =  tan.  fe  -  45°).  cot.  —  . 

but  S  and  x  being  known  by  what  precedes,  we  thus  find  tan.  i  and  knowing  5, 
we  have  E ;  for  since  }  (E  —  O)  and  ^  (£  +  O)  are  now  known,  E  and  O  axe 
easily  found. 
But  x'  =  cp'E  O  =  S  E  O  -  S  E  CY3'  =  E  -  S  E  cyi' 

=  E  -  180°  -f-  longitude  of  the  earth 

=  E  -r  180°  +  0 
=  E  -  360°  +  O 
A  x'  =  E  +  0 


Now 


P  O  =  E  O.  tan.  /  =  S  O.  tan.  ^ 
tan.  •        SO 


tan. 

4 

EO 

ZZ 

sin. 
sin. 

E 

S 

.*.  tan. 

.• 

— . 

fan. 

^. 

We  shall  now  proceed  to  say  some- 
thing on  the  methods  by  which  the  ele- 
ments of  the  orbit  of  a  planet  are  deter- 
mined. These  elements  are  five  in 
number.  1.  The  inclination  of  the 
plane  of  the  orbit  to  the  ecliptic.  2.  The 
longitude  of  the  node  of  the  orbit.  3. 
The  longitude  of  the  perihelion.  4.  The 
cxcentricity  of  the  orbit.  '5.  The  axis 
major. 


sin.  E 
sin.  S 


To  determine'  the  longitude  of  the 
node,  it  is  necessary  to  proceed  as  fol- 
lows. The  right  ascension  and  dedina^ 
tion  of  the  planet  being  known,  we 
deduce  from  them  its  (geocentric)  lon- 
gitude and  latitude.  From  such  obser- 
vations we  determine  the  instant  when 
the  latitude  is  ec^ual  to  nothing,  and  the 
geocentric  longitude  corresponding,  to 
that  moment. 
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Fig.  54. 


At  the  moment  that  the  planet  is  in  the       Let  us  wait  now  till,  after  one  revolu- 

plane  of  the  ecliptic,  that  is,  in  its  node,  tion,  the  planet  passes  again  through  the 

Jet  its  place  be  P,  that  of  the  sun  S,  of  same  node :  now  the  motion  of  the  pe- 

the  earth  E ;  then  P  S  N  will  l)e  the  rihelion  being  very  slow,  may  be  ncg- 

line  of  the    nodes.     Calling  cp    the  lected  in  the  time  of  one  revolution  (at 

equinoctial  point  from  which  the  longi-  least  in  a  first  approximation) ;  r  then, 

tudes  are  counted,  qp  £  S  will  be  the  corresponding  to  the  same  node,  may  be 

geocentric  lon^tude  of  the  sun,  which  supposed  to  correspond  with  the  same 

we  shall  call  Q ;  cp  T  P  the  geocentric  point  of  the  orbit  and  to  l)e  constant 

longitude  of  the  planet,  which  we  shall  The  distance,  however,  from  the  sun  to 

call  X ;  CY>  N  S  the  heliocentric  longi-  the    earth  will    be  different ;    this  is 

tude  of  the  node,  which  we  shall  call  u  known  by  the  tables ;  c»ll  it  R' :  we 

Call  also  8  P,  r ;  S  £,  R ;  then  have  then 

R.  sin.  (X  -^0)  =  r.  sin.  (»  -  x)  R'.  sin.  (x'  -  ©0  =  r.  sin.  (t  -  x') 

Hence 

R^  sin.  {tJ  -  00    ^     sin.  (>  -  >!) 

R.  sin.  (X  —  0)       "*     sin.  (t  -  x) 

R'.  sin.  X.  sin.  (x'  —  ©')  -  R.  sin.  x'.  sin.  (x  -  0) 
*  tan.  f  := 

R'.  cos.  X,  sin.  (x'  —  0')  -  R.  cos.  x'.  sin.  (x  —  0) 

To  determine  »  or  the  longitude  of  the  node,  we  have  made  use  of  two  pas- 
sages through  the  same  node ;  but  if  the  orbit  be  supposed  circular,  which  in  a 
first  approxunation  is  allowable^  we  might  employ  two  passages  through  the  two 
opposite  nodes :  in  this  case  as  before  r  may  be  supposed  constant.  We  have 
then 

R.  sin.  (X  —  0)  =  r.  sin.  (»  -  x) 

by  the  first  observation.    At  the  second  observation 

R'.  sin.  (X'  -  0)  =  r.  sin.  (/  -  x') 

But  since  the  nodes  are  opposed  to  each  other  v^  =  r  +  180° 

/.  R'.  sin.  (x'  -  0)  =  r.  sin.  (»  ->') 

_  R^'  s'"'  ^  -  s'"-  J}-'  —  00  +  R«  «in.  x^ ,  sin,  (x  —  0) 
•'•  **"• '  ■"  R'.  COS.  X .  sin.  (x'  -  0' )  +  R.  cos.  x' .  sin.  (x  -  0) 

Either  this  equation,  or  the  former,  sirable  to  select  those  passages  which 
gives  us  a  value  of  » :  repeating  the  take  place,  when  at  the  same  time  the 
operation  several  times,  we  get  several  planet  is  in  inferior  conjunction.  At 
values  of  this  angle,  and  we  shall  find  these  times,  the  planet  is  seen  to  pass 
it,  in  fact,  pretty  nearly  constant.  The  over  the  sun's  disk,  and  it  is  easy  to  de- 
nodes  of  the  respective  planetary  orbits  termine  the  latitude  at  the  instant  of 
have  very  small  motions,  which  may,  in  conjunction ;  but  this  latitude  and  the 
determining  approximately  the  elliptic  inclination  of  the  orbit  being  known, 
elements,  be  altogether  overlooked.  the  solution  of  a  right-angled  spherical 

In  the  case  of  the  two  inferior  planets  triangle  will  give  us  the  difference  of 

Venus  and  Mercury,  which  from  the  longitude  between  the    node  and   the 

shortness  of  their  revolutions  pass  fre-  sun*s  centre :  and  hence  we  deduce  the 

quently  through  their  nodes,  it  is  de-  longitude  of  the  node  itself. 
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To  recur  to  the  superior  planets:  it 
will  in  reality  hardly  ever  happen  that 
we  observe  the  planet  exfuitly  at  the 
moment  that  it  has  no  latitude;  but  in 
the  present  state  of  astronomy,  the  mo- 
tions of  the  planets  can  always  be  con- 
sidered (like  the  rest  of  their  elements) 
as  very  nearly  known;  our  object,  in 
fact,  is  to  determine  the  elements  >vith 
greater  exactness.  The  error  in  a  few 
days  certainly  cannot  be  sensible ;  with 
then  the  motion  as  approximately  known, 
we  reduce  to  the  ecliptic  the  observa- 
tions made  very  near  the  node,  each  of 
which  will  give  us  a  value  of  the  longi- 
tude of  the  node,  and  the  mean  of  all 
these  longitudes  will  give  pretty  exactly 
the  true  value. 

The  longitude  of  the  node  being  de- 
termined, the  next  thing  is  to  find  the 
inclination  of  the  orbit.  For  this  pur- 
pose it  is  necessary  to  wait  for  the  mo- 
ment that  the.  sun  passes  through  the 
node  of  the  planetary  orbit.  Suppose 
at  this  moment  the  sun  to  be  at  S, 
which  is  on  the  line  £  N  passing 
through  the  node :  let  P  be  the  place  of 
the  planet,  M  its  projection  on    the 

Fig,  55. 


plane  of  the  ecliptic :  draw  M  A  per- 
pendicular to  E  N,  and  join  E  M,  £  P, 
A  P.  The  angle  P  A  M  will  represent 
the  inclination  of  the  orbit;  call  it  * : 
A  E  M  will  be  the  difference  of  lon- 
gitudes between  the  planet  and  the 
node,  which  difference  is  known ;  call 

P  M  =  AM.  tan.  *  =  E  M.  tan.  i 

6  being  the  angle  P  E  M,  or  the  geo« 
centric  latitude  of  the  pli^net. 

EM 
•'.  tan.  i  =  -TTT  •  tan.  ^ 


But 


AM 

AM  ~  EM.sin.^ 
tan.  $ 


/.  tan.  /  = 


im.  f 


It  is,  of  course,  impossible  to  seize 
exactly  the  instant  of  the  sun*s  passage 
through  the  node;  but  as  the  motion  of 
this  body  in  longitude  is  pretty  exactly 
known,  it  is  very  easy,  if  we  obsene 
him  several  times  near  the  node,  to  find 
exactly  by  interpolation  the  instant  at 
which  he  must  have  been  in  that  point. 
The  planet  having  been  observed  in  the 
same  way,  we  determine  by  interpola- 
tion the  longitude  and  latitude  it  must 
have  had  at  the  same  instant.  It  is 
desirable,  as  much  as  possible^  to  ob- 
serve the  planet  in  quadratures :  at  this 
time  ^  is  nearly  90^,  and  a  small  error 
on  its  value  will  verv  little  atfect  i. 

The  longitude  of  the  node,  and  the 
inclination  of  the  orbit,  determine  the 
position  of  the  plane  in  which  the  planet 
moves :  we  have  now  to  determine  the 
elements  of  the  elliuse,  ^ing  in  that 
plane,  which  it  describes.  This  ellipse 
will  be  determined  if  we  know  the  axis 
major,  (or,  whs^t  is  the  same  thing,  the 
periodic  time  *,)  the  longitude  of  the 
perihelion  t,  and  the  excentricity.  The 
first  of  these,  the  periodic  time,  is  found 
by  observins;  the  interval  of  time  tliat 
elapses  between  two  consecutive  pas- 
sages of  the  planet  through  the  same 
no^e :  or  still  better,  by  taking  two  pas- 
sages through  the  same  pode  at  very 
considerable  intervals  of  time,  em- 
bracing several  complete  revolutions. 
Of  course,  in  this  case,  it  is  necessary  to 
make  the  requisite  allowfvnces  for  the 
change  of  position  in  the  ecliptic,  and 
also  for  the  small  secular  variation  ip 
the  place  of  the  planet's  node.  The 
periodic  inequalities  having  compen- 
sated themselves  mutually  several  times 
within  this  interval,  what  remains  of 
them  becomes  insensible  when  spread 
over  so  large  an  interval.  This  method 
is  exactly  similar  to  that  by  which  the 
length  of  the  tropical  year  is  de- 
termined, f^om  the  passage  of  the  sun 
through  the  equinoxes. 

We  have  now  to  find  the  longitude  of 
the  perihelion  and  the  excentricity  of 
the  ellipse*  The  method  most  fre- 
quently pursued  is,  to  observe  the  planet 
in  its  oppositions  and  conjunctions.  Let 
us  consider  the  oppositions,  which  are 
now  generally  used  for  the  superior 
planets. 


*  By  the  third  Uw  of  Ksplcr,  the  nqaureB  of  the 
periodic  times  are  ai  the  cubes  of  the  greater  axes. 

\  Or  aphelion.    Some  tables  count  the  anomaly 
from  one  of  these  points,  and  some  from  tht  other. 
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Let  P  be  (he  planet  in  opposition, 
M  its  projection  on  the  ecliptic,  £  the 
earth,  S  the  Qun,  S  N  the  line  of  the 
nodes,  M  A  perpendicular  to  S  N.  At 
this  moment  the  heliocentric  longitude 
of  the  planet  is  equal  to  180^ — its  geo-. 
centric  longitude ;  and  the  latter  being 
known  as  well  as  the  longitude  of  the 
node,  we  have  the  angle  A  S  M  =  ^ 

CaJl  S  P,  the  radius  veetor,  r ;  and 
the  angle  N  S  P  or  the  angular  dis- 
tance on  the  orbit  of  the  planet  from  its 
node,  ^^,  and  the  geocentrio  latitude  of 
the  planet  ^;  its  heliocentric  latitvKje 
PSM,  y: 
then 


PM 


SM.  tan.  o'B  AM 

.    AM       t^n.y 


tan.  4 


•  • 


SM 


tan.  t 


But 


sin.  ^  = 


A  M  =  S  M  •  ain.  ^ 
tan.y 

tan.i 

or,  tan.  y  =  tan.  t .  sin.  ^ 
Hence  y  is  known. 

Again, 

PM  =  SM  .  tan.^  =  £M  .tan.^ 

.   S  M  =  tan.  * 

•'•  KM      taii.y 

fan.^ 


ASM  =  SM, 
R .  tan.  i 


taWiy 


tan.  7 

Galling  S  M,  or  the  distance  from  the 
aun  to  the  earth  which  is  known,  R  i 

But  S  P  .  cos.  r  =  S  M 
or  r ,  cos,  )^  =  S  M 

R  .  tan.  ^ 

~     tan. y 

r  =  R.tan.^.sin.r 
Hence  r  is  known« 


Again,' 
A  8  =:  S  M  .  cos.  ^  =  S  p.  cos.  -4, 

8  M       cos^ 

•"'  SP    ^ cos. (p 

cos.  -4^ 

,*,  cos.  y  =  — 

•  '^  •      cos,  ^ 

,*.  eo8«  ^if  as  cos.  y  ,  cos.  ^ 
And  hence  >^,  or  the  angle  ASP,  is 
known. 

By  meana  then  of  these  calculations, 
each  observed  opposition  of  the  planet 
gives  us  the  radius  vector  at  that  mo- 
ment, and  the  distance  of  the  planet 
from  its  node,  measured  on  the  orbit. 
A9  the  successive  oppositions  take  place 
in  different  parts  of  the  heavens,  and 
Qonseaqently,  in  different  parts  of  the- 
planet  s  orbit,  these  oppositions  will  give 
us  three  observed  values  of  the  radius 
vector,  and  the  three  angles  made  by  the 
radjqs  yector  with  the  line  of  the  nodes. 
These  three  angles  would  be  the  he- 
liocentric longitudes  reduced  to  the  orbit, 
if  the  longitudes  were  counted  from  the 
line  of  the  nodes.  Now,  instead  of  that, 
they  are  counted  from  a  line  drawn 
throu£;h  the  centre  of  the  sun  to  the 
vernal  equinox,  supposed  at  an  infinite 
diftaace  on  the  celestial  sphere.  Sup-' 
pQse  a  plane  perpendicular  to  the  orbit 
to  pass  throu^n  the  sun  and  the  equinox : 
the  intersection  of  this  plane  with  the 
orbit  wiU  be  the  line  whence  the  helio* 
oentrie  longitudes  on  the  orbit  are 
counted.  The  angle  lietween  this  inter- 
seotion  and  the  node  is  the  hypothenuse 
of  a  right  angled  spherical  triangle,  of 
which  one  of  the  sides  is  the  longitude 
of  the  node  t,  and  the  acute  angle  adja- 
cent to  V,  is  i,  or  the  inclination  of  the 
orbit  to  the  ecliptic.  Hence,  calling  the 
hypothenuse  ^,  we  have 

tan.  f 
tan. /3  s • 

COS.  i 

This  constant  angle  fi  is  to  be  added  to 
each  of  the  distances  of  the  planet  from 
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its  node,  and  then  we  shall  have  the  three  will  be  the  three  true  anomalies  at  the 

heliocentric  longitudes  reduced  to  (he  three  observations.    Applying  the  m- 

plane  of  the  orbit.    We  shall  call  them  verse  method  of  series  or  La  Grange's 

y^  i/,  i/'.  Theorem  to  the  equation  (1)  in  the  note 

Let  us  call  the  longitude  of  the  peri-  to  page  194,  we  have,  limiting  ourselves 

helion  cj;  then  (»  -  cj),  (i^  -  cr),  («/"  -  or)  to  the  IBrst  power  of  the  excentridty, 

nt  =  i» -6J  -  2tf  .sin.  (»  — 1») 
Similarly    n/' =  »'  —  ©— 2«.  sin.  {t/  —  tsr) 
and     n/"=  i^'-or—  2e  .  sin.  («/'  -  ts) 
Hence  n  .  (/'  - 0  =  "^ -  •  -  2<?{sin.  (i/-ct  )  -  sin.  (u-ef)  } 
n  .  (<"-  0  =  «^'  -  »  -  2  tf  {sin.  («"  -©)  -  sin.  (w  —  tsj)  } 

Here,  be  it  observed  that  n  =  *7jr  where  T  is  the  periodic  time  and  is  known : 

that  (/'  -  0.  and  it"  -  0  are  the  intervals  of  time  between  the  first  and  second, 
and  first  and  third  observations.    Let  us  call  then 

/?  «=  r  — 2«  {siA.  (r  +  tf  —  ct)-  sin.  (»  — tsj)  } 
p'=  gf  -  2 6 {sin.  {t'-h  »  -  tsT)  -  sin.  (»  -cr)} 
p  —  r  =  -  2  tf  {sin.  r  .  cos.  (f  -  cj)  +  cos.  (r — 1) .  sin.  (»  — o)} 

|/  -  /  =  -  2  e {sin.  /  .  cos.  (i/  —  w)  +  cos.  (/  —  1).  sin.  (»-©)} 
^    p  —  r       sin,  r  -  2  .  sin.'  ^r  .  tan,  (u  ■- p) 
•  •  p'  "  0^  ~  sin.  r'  —  2  .  sin."  ^  r' .  tan.  (»  — tcr) 

if/  -  /)  .  sin.  ^  -  (p  —  y)  sin.  / 

,-.  tan.  (.^  -  w)  =2  ^^,  _  ^^  ^  g.jj ,  J  ,  .  2  (p  _  ^)  gi„,<  J  ^ 

this  formula  gives  us  (if  -  fS7),  and  since  v  is  known,  cr,  or  the  longitude  of  the 
perihelion. 

For  the  exceniricity 


2tf  =    - 


or  ^  =  - 


sin.  (r'  +  »  -  d)  -  sin.  (v  -cj> 


4 sin.  i.  ^.  cos.  (i  r'  +  tf  —  isj> 
Knowing  e  and  «  -  cr,  we  have 

n<=  (tf  —  ct)  -  2e.  sin.  (w  -  ex) 

where  all  is  known  but  /.    But  i  being  of  the  orbit,  deserres  a  particular  expla- 

thus  determined  g:ives  us  the  time  of  the  nation. 

passage  through  the  perihelion.  It  will  be  observed,  that  though,  in  the 

By  the  methods  above  given,  the  dif-  methods  hitherto  followed,  we  have  en- 
ferent  elements  of  a  planet's  orbit  are  deavoured,  as  much  as  possible,  to  de- 
determined.  Astronomers,  however,  are  termine  each  element  at  a  moment  when 
not  satisfied  with  one  single  determina-  it  is  least  afiected  by  any  error  on  the 
tion  of  this  kind,  however  accurate,  magnitude  of  the  others,  yet  that  we 
They  are  in  the  habit  of  constantly  mak-  have  not  been  able  completely  to  isolate 
ing  observations,  in  order,  by  means  of  any  one  of  them.  Thus,  the  inclination 
those  observations  to  correct  the  value  of  the  orbit  is  afiected  to  a  certain  extent 
of  the  elements  already  found.  It  is  to  by  an  error  in  the  longitude  of  the  nodes; 
this  continual  revision  and  amelioration  and  again,  a  mistake  in  this  longitude, 
that  the  planetary  tables  owe  their  pre-  or  in  the  inclination,  would  affect  the 
sent  great  exactitude.  place  of  the  perihelion  and  the  excentri- 

The  manner  in  which  a  number  of  city  of  the  ellipses.    All  these  elements 

observations  are  combined  in  order  to  and  their  secular  variations,  exercise  a 

correct  simultaneously  all  the  elements  reciprocal  influence  upon  each  other. 
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and  it  is  only  by  correcting  them  all  A  second  observation  gives  us  a 
simultaneously,  that  this  influence  can  second  equation  of  the  same  kind,  the 
be  destroyed.  Another  important  con-  unknown  quantities  remaining  the  same, 
dition  is,  that,  in  the  correction  of  the  and  in  the  same  way  we  may  obtain  any 
elements,  a  great  number  of  observa-  number  of  equations  that  we  may  want, 
tions  should  be  employed,  as  thus  the  Strictly  speaking,  we  need  not  have  more 
inevitable  errors  of  these  observations  equations  than  elements ;  but,  for  the 
compensate  each  other,  and  the  results  reasons  above  stated,  it  is  desirable  to 
deduced  will  possess  the  greatest  accu-  employ  a  great  many  more.  The  ques- 
racy.  tion  then  arises,  what  is  the  most  ad- 
Let  us  suppose  now,  that  the  place  vantageous  mode  of  combining  them. 
of  a  planet  for  a  certain  moment  is  cal-  The  most  exact  and  generally  useful 
culated,  with  the  approximate  value  of  method  for  this  purpose,  is  that  called 
the  elements  which  we  possess ;  let  us  the  method  of  least  sqiutres*  Call  e  the 
suppose  also,  that  the  place  of  the  planet  error  of  the  tables  given  by  one  obser- 
at  the  same  moment  is  actually  ob-  vation ;  e^  that  given  by  a  second,  e^'  by 
served, — ^there  will,  of  course,  be  between  a  third,  and  so  on.  Let  x,  y,  z,  be  the 
the  calculated  and  observed  place  a  dif-  unknown  errors  of  the  elements.  Let 
ference,  which  difference  is  called  the  ax,by,cz  .  .  .  represent  the  effects 
error  of  the  Tables,  Now,  as  we  are  produced  separately  upon  the  place  of  the 
certain  that  there  is  no  mistake  in  the  planet  by  the  respective  errors,  x,  y,  z 
form  of  the  tables,  that  is,  in  the  .  .  .  in  the  first  observation :  a'2;,  6'y,  </2r 
mathematical  formuisB  on  which  they  ...  in  the  second ;  and  so  on.  a,  b,  c, 
are  founded,  the  error  must  arise  en-  a\  b^,  cf  ,  ,  ,  will  be  known  coefiicients, 
tirely  from  mistakes  in  the  values  of  the  then 
different  elements.    This  error  then  is  a 

function  of  all  the  errors  on  the  ele-  e  =  ax  -^  by  +  cz  .  . . 

ments  ;    but  as  these  latter  are  very  ^_.  (j  x  +  b'  y  +  (^  z ., » 

small,  we  may  make  use  of  a  principle  /         ^/*    * 

that  we  have  already  employed,  and  con-  e'  =  a"  a:  +  6'  y  •\-  e  z 

sider  the  total  error  as  the  sum  of  all  the  

partial  errors  produced  by  mistakes  on 

the  value  of  the  elements*.    We  calcu-  each  observation  will  give  an  equation 

late  then,  separately,  the  effect  produced  of  condition,  in  which  the  coefficients 

by  a  small  indeterminate  error  on  each  a,  6,  c  . . .  will  be  different,  but  the  error 

of  them ;  we  add  dl  those  terms  to-  on  each  element  remaining  the  same, 

gether,  and  equate  their  sum  to  the  ob-  x,y,z..,  are  constant. 

served  error  of  the  Tables.    We  thus  Square  each  of  these  equations,  and 

get  an  equation  in  which  there  'are  as  then  add  them  all  together,  we  have, 

many  unknown  quantities  as  there  are  writing  down  merely  the  terms  involving 

indeterminate  errors,  that  is,  as  there  x,  since  the  others  are  exactly  of  the 

are  elements  to  be  corrected.t  same  form. 

^H-«'M-«"M--  • = (a«+</«-|-a''*  . .)  a:«+2  a?  y  (a  H^  y+.).+2  xz(a  c+c^  (/+ . . 

Now  this  equation  is  of  the  form  S  =  M«*  +  Nir-fP,  -[-  &c-t  <o  make  it  a 
minimum,  its  first  differential  coefficient  must  be  equal  to  nothing,  /•  M  a7-}-N  =  O. 
Thus,  considering  x  alone, 

X  {a*  +  d*  +. ..)  +  y  (a  b+  of  b^  +  ...)  +  z(flc  +  a^ &  +  ...)  +  .. .  =  O 
or  tt  (a  a?  +  6y  +  c  «  . . .)  +  fl'  («'  ^  +  ^  y  +  c'ar)  +  . .  •  =  O 

That  is,  to  form  the  equation  that  gives  quantities,  multiply  each  equation  of 

a  minimum  for  any  one  of  the  unknown  condition  by  the  coefficient  of  the  un* 

known  quantity  in  that  equation,  taken 

with  its  proper  sign,  and  then  add  to- 

•  The  toui  TariaUon  arising  from  a  number  of  gether  all  these  products.    For  each  un- 

tmaU  slmolcaneoiu  variaUona  la  eqaal  to  the  anm  known  quantity  We  must  proceed  in   the 

of  these  yariaUons  taken  separately.    It  Is  thus  --„g  ^^y  *    go  that  we  e«t  ultimatplv 

that  In  Inrestigatlng  the  formulse  for  precessioa  »»™«  ^*y    »  '"  *"**  ^^  K*'  uiumaxeiy 

and  nutation,  page  169,  we  hare  calculated,  aepar 

ratel/,  the  effecta  produced  by  a  change  In  the 

obliquity,  and  a  change  In  the  longitude,  and  then  *  The  theory  of  the  maxima  and  minima  of 

added  our  resulu  together  to  get  the  effect  of  a  scTcral  rariables,  shows  us  that  the  condition  for 

simultaneous  yarlaUon  in  those  quantlUes.  the  minimum  is  to  be  satislled  separately  with  re« 

t  Tliia  equation  is  called  as  efiatiim  of  oonditiom,  gard  to  each. 

P 


X 

-  0-99  t 

= 

-  12''-4 

X 

+  0-57  z 

=1 

-  14"7 

X 

-  0*85  X 

= 

+  15"-4 
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just  as  many  equations  as  unknown  oppositions  of  Jupiter  hare  been  ob- 
quantities,  from  which  equations  the  seryed,  and  that  from  each  opposition 
latter  must  be  found  by  the  ordinary  his  heliocentric  longitude  has  been  de- 
methods  of  elimination.  duced,  as  explained  before  in  pafi:e  207. 

To  explain  more  completely  this  im-  Let  us  suppose  that,  for  each  of  these 

portant  subject,  we  shall  give  an  example  four  instants  of  time,  his  longitude  has 

of   the  application  of  the  method  of  been  calculated  from  the  tables,  and 

equations  of  condition,  and   of   their  compared  with  the  observations,  so  that 

combination  by  the  principle  of  least  the  four  respective  errors  of  the  tables 

squares,  to  the  simultaneous  correction  are  known.    In  this  way  let  us  suppose 

of  the  longitude  of  the  perihelion,  and  that  the  four  following  equations  have 

eccentricity  of  the  orbit  of  a  planet  *.  been  formed : 

Let  us  calculate  from  the  tables  the  ^  ^  Q.gg  ^  .  ...  ]  \f>^ 

following  quantities,    a,  the  mean  lon^  " 

gitude  of  the  perihelion,  reduced  to  the 
orbit,  f  the  mean  anomaly  counted 
from  the  perihelion ;  then  2  e  sin.  ^  will 
be  the  equation  of  the  centre  (limiting 
ourselves  to  one  term).    Now,  calling       'W'e  shall  proceed  to  combine  these 

X  the  longitude  in  the  orbit,  equations  by  the  method  of  least  squares. 

x=rA-l-^4-2e  sin.  p  The  coefficient  of  x  in  each  equation  is 

,  unity;  we  have  then  only  to  add  all 

Let  X  be  the  unknown  correction  to  be  these  equations  together  for  a?,  and  we 

applied  to  the  epoch,  z  that  to  the  ec-  g^t 
centricity ;  then  the  real  elements  will  4.i;^.29;rs  -  54^^*3 

A  -j-  a? ;  2  (i  -[-  ^)  s»n.  f*  ^ 

These  element.  subs.Ju.^  in  the  ge^  JjynVche'^uatn"  f/rco^tS 

;i7c:JThe£c^nS  SS^^^^^^^  /Jntainedln  it    HeU  we  obtain 
Let  us  suppose  that  x'  is  observed :  we 
have  calculated  x,  consequently  we  know 
x'  «-  X ;  let  us  call  it  e.    But,  on  the 
other  hand, 

x'  =  A  -f-  ii?  +  2  (•  +  *)  sin.  ^. 
X  =  A  -j-  2  e.  sin.  f 

.•.  X'  —  X  =  *  =  a?  -4-  2  «?.  sin.  p  xrr    x.  *        1      •      4     u     4U  J- 

*i.  -n  i_  I-  J  .i!  A  •  *!.•  We  have  now  to  eliminate  by  the  ordw 
It  will  be  observed,  that  in  this  expres-  ^^^^ods  x  and  z  between  the 

sion  for  ^  everything  is  known  except  equations  (1)  and  (2).  and  we  get 
X  anu  Zm  . 

A  second  observation  gives  us  the  a?  «=  -  13  -38 

equation,  i?  =  +    0^'45 

fl'  =  a?  -f  2  *  sin.  ^  Hence  we  -find  that  the  loneitade  of  the 

where,  as  before,  ^  is  known.    In  this  perigee  is  to  be  diminished  by  IS'^'dS, 

way  we  may  collect  any  number  of  and  the  excentricity  to  be  increased  by 

equations  to  determine  a?,  ;;.    Let  us  0'''45. 

suppose,  for  example,  that  the  other       The  method  of  equations  of  condition 

elements  of  the  orbit,  excepting  the  Ion-  is  of  continual  application  in  astronomy, 

Ijritude  of  the  perihelion  and  the  excen-  nor  is  it  confined  merely  to  correcting 

tricity  being  known  exactly,  that  four  the  solar  or  planetary  taoles.    To  give 

an  example  of  another  kind,  we  may 

refer  to  what  has  been  said,  page  164, 

*  In  Uiis  ettmpie,  wbich  u  given  merely  m  an  on  the  method  of  determining  the  con- 

-^«.?lh'°..^?t5dToMt'a^^^^^^^  «t»»t  Of  nuUtion  by  .ob.erration8  oHhe 

of  the  orbit,  Which  only  fix  theposiUon  Of  the  pUnfl  POle     Star,     suDpostn^  the  aDerraiion 

of  the  orbit,  but  also  the  mean  longitude  and  the  knOWn.      But  it  IS  DOSSlble  tO  determine 

r.~"'Srtwr,5S"*lu'S:::il';irw~f ir.  8in.ultaneou.ly    by  these  observations 

longitude  of  the  perigee  and  the  excentricity.  As,  the  Constant  of  aberration,  as  well  as 

howeTer,  this  would  lead  to  long  caleulations,  we  f hnt    t\i  nntAtion  •    *nH    thia    nroMifift  is 

hare  ayoided  It.  wishing  only  to  give  an  idea  of  the  ^^\   <>I   n™"<»  t    «<»   tms   prOOCSa  IS 

vttare  of  the  method,  pieforaUe  to  the  Other*  Therecanbeno 


y  eacn  t 

ontainec 

'(^uauon  ny  me  coemciem  oi 
I  m  it    Hence  we  obtain 

+  0-98 

X  +  0-96  z 

=  -  ll"-5                     ' 

-  0-99 

X  +  0'98  z 

«  +  n"-2                 1 

0-57 

X  +  0*32  z 

=  -    8"-3 

-  0-85 

X  +  072  z 

=  +  13"0 

-  0-29 

a?  +  2'9    z 

s^  +    4"-4                      j 

:.  X  . 

-  lOar  =  - 

18"1  ...  (2)               1 

X.  {  3.] 


ASTRONOMY. 


211 


doubt  about  the  correctness  of  the  form       When  we  determine  the  constants  of 

of  the  expressions  for  the  nutation  and  aberration  and  nutation  simultaneously, 

aberration  in  declination,  and  the  places  it  is  better  to  select  the  pole-star,  for 

of  the  stars  are  always  sufficiently  well  this  reason,  Q  -  Q'  must  be  as  great 

known  for  calculating  these  small  quan-  as  possible ;  now  Q  is  of  the  form 
titles,  but  there  may  be  a  trifling  uncer- 


tainty on  the  amount  of  the  constant 
coefficients.     If  n  be  the  constant  of 


n 


sm.  « 


sin. 


sin.  (ft-<P) 


aberration,  and  P  the  factor  by  which  ^^«''e  <P  "  »  constant  angle;  we  must 

it  is  multiplied  to  express  the  effect  on  *^«n»  to   determme  the  nutation  most 

the  declination,  then  each  observed  alti-  favourably,  observewhen  ^  =  g^  +180« 

tude  of  the  pole  star  gives  us  an  equa-  ?«"  »*  intervals  of  half  a  revolution  of  the 

tion  of  the  form  A  =  3  -  m  Q  -  nP,  ^^"^^^  "odes,  while  the  aberration  re- 

and  subsequently  quires  other  observations  at  intervals  of 

:i      y  -  ^    /n      n^_l_-.  /p    xyf\  ^^^  months.    Now  the  polar  star  may 

"^•^^  -  i^)-^n.(r-r>  ^^        ^^  observed   both    above  and 

we  can  get  any  number  of  equations  of  bej^^  the  pnle ;  and  in  Europe  its  alti- 

this  form,  and  then  combine  them  by  tyje  is  sufficiently  great  to  avoid  any 

the  method  of  least  squares,  whence  we  errors  on  the  refraction, 
determine  simultaneously  m  and  n.  y^^  ghall  give  one  more  illustration  of 


P  = 


COS.  «.sin.  A 
cos.  ^ 


.  sin.  (0+<P) 


a  different  manner  of  employing  a  num- 
ber of  equations,  which  will  serve  at  the 


where  (p  is  an  auxiliary  angle  involving  same  time  to  illustrate  the  manner  in 
only  the  right  ascension,  declination,  which  the  constant  of  refraction  is  de- 
and  obliquity  of  the  ecliptic,  and  may  termined.  From  optical  and  physical 
therefore  be  considered  constant.  It  is  considerations  exclusively,  La  Place 
desirable  that  P  -  P'  which  becomes  has  deduced  an  expression  for  the  re- 
ultimately  a  divisor,  should  be  as  large  fraction  in  terms  of  the  zenith  distance, 
as  possible,  to  diminish  the  effect  of  any  which  has  already  been  given  in  page 
unavoidable  error  on  )  and  V ;  since  (p  50.  He  has  also  presented  this  ex- 
is  constant,  this  will  be  the  case  when  pression  in  a  form  more  convenient  for 
O  =  0'+  180®,  or  nearly  so,  that  is  our  present  purposes  *.  Call  r  the  re- 
when  the  observations  are  made  at  an  fraction,  n  the  unknown  constant  to  be 
interval  of  six  months.  This  can  only  determined.  ^  the  zenith  distance,  k  the 
be  done  on  stars  not  too  far  from  the  height  of  the  mercuty  in  the  barometer, 
pole :  on  the  other  hand,  the  altitude  (corrected  for  the  effects  of  the  tempe- 
must  be  considerable  to  avoid  any  un-  rature  on  the  mercury.)  q  a  known  con- 
certainty  on  the  refraction :  these  con-  stant  expressing  the  expansion  of  the 
siderations  limit  us  either  to  the  pole  air  for  every  degree  of  Fahrenheit*sther- 
star  itself,  or  circumpolar  stars  on  tneir  mometer  t,  t  the  number  of  degrees 
superior  passage  above  the  meridian.  above  50  marked  by  the  thermometer, 


n  .  h  .  tan,  g 


in*  .¥ 


(1  -f  2  COS.*  {)  tan,  I 

Inch-    -  .    ~T~    ,  inch.  •    •  -,-^-  %  3 

29-6{l-j-(7<}        {29-6  (1+7  0}  : 


n  .h  .  0*00125254  tan.  { 


inch. 

29-6  C08.*{ 

When  the  zenith  distance  of  a  star 
has  been  observed,  all  in  this  expression 
is  known  but  n.  which  may  be  deter- 
mined by  taking  the  meridian  altitudes 
of  circumpolar  stars  above  and  below 
the  pole,  as  follows: — The  expression 
for  the  refraction  we  shall  call  shortly 
Kn-\''Qn*  ',  A  and  B  being  known 
coefficients.  The  true  zenith  distance 
equals  the  apparent  zenith  distance 
+  the  refraction  =  ?;  +  An+Bn*. 


Let  us  suppose  that  {;  is  the  zenith  dis- 
tance observed  at  the  superior  meridian 
passage  of  a  circumpolar  star ;  call  X! 
the  apparent  zenith  distance  at  the  in- 
ferior passage,  then  the  true  zenith  dis- 
tance on  this  latter  occasion 

=  r  +  A'n  +  B'n«. 

But  half  the  sum  of  the  true  zenith  dis- 
tances will  give  the  true  co-latitude ;  call 
this  f ;  then 


*  See  MecMlque  Ctieete,  voL  iv.  p.  271, 


t  For  the  f«lae  of  e,  lee  p«ire  61. 

p  a 
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?  +  S'  +  (A  +  A')  n  +  (B  +  B')  n«  =  2f (a) 

Now  if  <p  were  known  n  micht  be  But  it  is  desirable,  in  practice,  always 

found  by  the  solution  of  a  quadratic  to  select  those  moments  for  observation 

equation,  but  in  fact  <p  cannot  be  known  which  tend  to  give  the  most  accurate 

v/iii7e  fxac//y  without  a  knowledge  of  the  result.    Now  when  a  star  is  near  the 

refraction  ;  it  is  then  desirable  to  deter-  meridian,  its  altitude  varies  very  slowly, 

mine  at  once  n  and  (p.    Now  every  cir-  and  consequently  the  altitude  on  the 

cumpolar  star  that  we  observe  will  give  meridian  may  be  found  very  accurately ; 

us  an  equation  similar  to  (a).    Rigor-  when  this  altitude  is  known,  we  have  no 

ously  speaking,    then,    two  equations  occasion  to  go  throui^h  the  process  of 

would  give  us  the  values  of  n  and  <p,  solving  a  spherical  triangle,  we  shall 

It   is  desirable,  however,  to  observe  a  obtain  the  latitude  by  simple  addition  or 

greater  number,  if  possible ;  and  each  subtraction.   The  latitude  is  then  always 

star  gives  an  equation  of  the  form  most  simply  found  by  observations  made 

M  -f-  P»  4-  Qn«  =  2  (p,  on  or  very  near  the  meridian.    There 

where  M,  P,  and  Q,  are  known.    Now  are  several  modes  of  doing  this,  which 

n  is  always  veir  nearly  known,  and  the  we  shall  discuss  seriatim. 

coefficient  of  7/ is  extremely  small ;  the  1.  By  simply  observing  the  altitude, 

approximate  value  then  of  n  w^ill  pro-  when  on  the  meridian,  of  the  sun,  a 

duce  no  sensible  en*or  on  n*.    Substi-  planet,  or  a  fixed  star.    The  altitude 

tuting  this  approximate  value,  then,  of  thus  obtained  is  the  apparent  altitude  to 

n  in  rfi,  our  system  of  equations  will  be  which  we  must  apply  the  necessary  cor- 

one  of  linear  equations  between  n  and  (p,  rections.    In  the  case  of  a  fixed  star, 

which  quantities  may  be  determined  by  the  only  correction  necessary  is  for  the 

the  methods  above  explained.     If  we  refraction.     The  refraction,  we  know, 

wish  to  be  verv  accurate,  we  may  sub-  varies  as  the  sum  of  the  first  and  third 

stitute  in  n*  the  value  of  n  thus  ob-  powers  of  the  tangent  of  the  zenith  dis- 

tained,  and  recommence  our   calcula-  tance,  each  multiplied  by  certain  coeffi- 

tions,  but  this  would  be  an  unnecessary  cients  involving  a  known  constant,  and 

refinement  the  height  of  the  barometer  and  thermo- 
meter at  the  time  of  observation.    But 

Chaptbr  XI.  as  it  would  be  troublesome  to  calculate 

this  formula  in  each  particular  case,  it 

Terretirial  Longitudes  and  Latitudes,  has  been  put  into  tables,  where  we  find, 

first,  the  refraction  for  any  given  zenith 

Section  I. — Determination  of  Terre^  distance  when  the  barometer  is  at  29*6 

trial  Latitudes.  inches,  and  Fahrenheit's  thermometer  at 

50^ ;  and  afterwards  the  corrections  to 

The  determination  of  terrestrial  longi-  be  applied  for  the  differences  between 

tudes  and  latitudes  by  means  of  astro-  these  normal  heights,  and  the  really  ob- 

nomical  observations,  forms  the  most  served  heights  of  the   barometer   and 

important  application  of  the  science.    It  thermometer.    A  great  variety  of  such 

is  unnecessai7  to  dwell  upon  the  uti-  tables  exist.    Having  corrected  for  the 

lity  of  these  determinations  in  naviga-  refraction,  we    find  the  co- latitude  at 

tion  and  geography ;  we  shall  proceed  once,  or  the  height  of  the  equator,  by 

at  once  to  consider  the  various  methods  subtracting  the  star's  declination  from 

by  which  the  latitude  may  be  found,  its  altitude,  if  the  declination  is  north. 

Generally,  if  we  observe  at  any  time  and  adding  it  if  it  is  south  *.    It  is  im- 

the  altitude  of  a  known  star,  or  of  the  portant  to  observe,  that  we  must  employ 

centre  of  the  sun  or  a  planet,  the  lati-  the  apparent  declination,  that  is,   the 

tude  may  be  found  by  the  solution  of  a  declination  as  affected  by  precession, 

spherical  triangle,  in  which,  besides  the  nutation,  and  aberration  :  the  Nautical 

zenith  distance,  the  north  polar  distance  Almanac  gives  these  apparent  declina- 

is  known,  as  well  as  the  hour  angle,  tions  for  100  principal  fixed  stars  for 

which  is  opposed  to  the  zenith  distance ;  every  ten  days  throughout  the   year. 

we  have  to  determine  from  these  the  Nothing,  then,  can  be  more  simple  than 

third  side,  which  is  the  distance  from  the  the  determination  of  the  latitude  in  this 

zenith  to  the  pole,  or  the  co-latitude,  way* 


•  ThU  supposes  that  Uie  star  passes  the  meridian  to  the  south  of  the  pole  j  If  it  passes  to  the  north  of 
the  pole,  add  iu  north  polar  distance  =  90°  -  declinatioa  to  the  altitude,  and  we  get  at  once  the 
height  of  the  pole«  that,u,  the  Utitade. 
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If  the  sun  or  a  planet  be  observed,    how  this  is  done  |  suppose  in  the  an- 
other corrections  are  necessary.   As  the    nexed  figure  P  to  be  , 
centre  of  the  disks  of  these  bodies  can- 


Hg.  57. 


not  be  distinguished  by  the  eve,  we  are 
obliged  to  observe  the  altitude  either  of 
the  upper  or  lower  limb,  and  then  to 
subtract  or  add  the  apparent  semidia- 
meter*.  This  gives  the  apparent  alti- 
tude of  the  sun  or  planets  centre ;  we 
must  now  apply  the  correction  for  re- 
fraction, and  then  that  for  parallax. 
The  formula  for  the  latter  is  so  simple 

that  it  may  be  directly  calculated ;  it  the  place  of  the  pole,  Z  the  zenith,  8  a 

will,  however,  be  found  tabulated  among  star  or  planet  oDserved  very  near  the 

the  solar  tables.    We  now  appl^,  as  meridian :  suppose  the  altitude  to  have 

before,  to  the  altitude,  the  declination  of  been  corrected  for  refraction,  and,  if 

the  sun  or  planers  centre;  which  de-  necessary,  for  parallax;    then  90®  — 

clination  is  found  in  the  Nautical  Al-  altitude  =  Z  S  =  ^.  Knowing  ^  we  wish 

manac,  calculated  for  every  day  from  to  deduce  the  zenith  distance  Z  m  when 

the  tables  in  the  way  which  has  been  the  star  is  on  the  meridian.    It  is  to  be 

explained  in  the  preceding;  chapter.  observed  that  we  know  the  time  of  the 

II.  A  second  and  more  accurate  me-  observation,  and,  consequently,  the  hour 

thod  is  the  following.    Instead  of  deter-  angle  Z  P  S  =  A ;   and  the  declination 

mining  the  meridian  altitude  by  a  single  of  the  star,  =  )  =  90®  —  PS.    Z  P  is 

observation  on  the  meridian,  we  take  the  co-latitude  =  90®  —  ^.    Take  Z  O 

several  altitudes  very  near  the  meridian  =  Z  S  =  i,  join  SO,  S  M  by  arcs  of 

and  on  both  sides  of  it :  from  these  we  great  circles.    Now  by  spherical  trigo- 

conclude  the  meridian  altitude.  To  show  nometry 

cos.  i  =  sin.  ^.  sin.  I  +  cos.  ^.  cos.  \  cos  A 

=  sin.  ^.  sin.  3  +  cos.  ^.  cos.3  —  2  cos.  ^.  cos.  %•  sin.*— 


•  • 


=  COS.  (^  —  J)  —  2  cos.  ^.  cos.  >.  sin.*  — 

ButZS  =  Zor=Zm  +  om 

=  Z  m  +  V'    calling  om^^ 
andZm  =  Pm-PZ 

=  P  S  -  P  Z  (the  declination  being  supposed  inintriable.) 
=  ^  —  J 
.'.  cos.  Z  S  =  cos.  i  =  COS.  (^  —  J)  cos.  +  —  sin.  (^  —  3)  sin.  -^ 

=  COS.  (^  -  J)  Ti  —  1^  j  —  -^^  sin.  (^  —  ^)     -(2) 


For  COS.  -j^  =s  1  — 


T    •   •    •    •    • 


sin.  ^^=  V*  — 


^ 


and  the  arc  -^  being  very  small,  we  take  only  the  first  term  of  the  series  in  each 
case. 
Equating  now  the  expressions  (1)  and  (2),  we  get 

i  ^.«  cos.  (^  -  J)  +  ^.  sin.  (^  -  J)  =  2  COS.  ^  cos.  \  sin."  — 


*  As  the  Bun*s  apparent  icmidlameter  is  not  constant,  its  ralue  is  giren  for  every  day,  In  tbe  Naa« 
tical  Almanac. 
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To  find  4^  from  this  equation,  we  begin  by  neglecting  the  term  involving  4^,  and 

2.  COS.  ^.  COS.  ^.    .    _ .  A 

then  ^  =  — : — -^ rr-.  sm.».-T- 

sin.  (^  —  «)  2  I 

2  sin.« —  ^ 

f-            A     i                     2  COS.  4).  cos.  ? 

or  expressing  >^  m  seconds,  ^  =  : jr-  .  — : rr-     (3) 

^         ^                                      sin.  I"  sin.  (^  -  2) 

When  we  do  not  observe  too  far  from  a  planet,  it  will  be  necessary  to  allow 

the  meridian,  this  term  is  always  suffi-  for  the  change  of  declination  during  the 

cient*.     Each  altitude  observed  near  interval  of  the  observations,  as  we  have 

the  meridian  will  e^ive  a  value  of  ^,  hitherto  supposed  the  declination  in- 

which,  being  added  to  it.  will  give  a  variable.    In  the  first  place,  we  may 

value  ofthe  meridian  altitude;  the  mean  observe,  that  the  motion  in  declination 

of  all  these  meridian  altitudes  must  be  being  very  small,  it  may  be  supposed 

taken.    Or  it  is  better  to  observe  an  uniform  during  the  whole  interval  of 

equal  number  of  altitudes  on  each  side  the  observations ;  and  the  variation  will 

of  the  meridian,  and  to  take  their  mean;  be  proportional  to  the  time  from  the 

then  to  take  the  mean  of  all   the  arcs  meridian  transit,  that  is,  to  the  hour 

^/'  corresponding  to  ^them ;   and  apply  angle :   also,  the  corrections  will  evi- 

this  mean  correction  to  the  mean  ob-  dently  be  of  diiferent  signs  before  and 

served  altitude,  to  deduce  the  true  me-  after  the  meridian  transit ;  for  the  de- 

ridian  altitude  t.    We  may  here  remark  clination  goes  on  either  increasing  or 

cos.  «.  COS.  J  diminishing  throughout,  while  the  zenith 

that  the  factor    .   '    '  ^  1  •     remains  distances  diminish  on  one  side  of  the 

sin.  (^      6)  meridian,  and  increase  on  the  other. 

constant  for  all  the  observations,  while  Take  the  sum  of  the  hour  angles  (these 

A  .  angles  being  expressed  in  minutes  of 

2  sm.  —  time)  on  one  side  of  the  meridian,  then 

— : jf-  is  different  for  each.     Astro-  that  on  the  other :  divide  the  difference 

*^"'  ^  ,  4      t  J  *^ui     ^c  *u-      of  these  sums  by  the  number  of  observa- 

nomers  have  constructed  tables  of  this    ^-        ^  ^^j^/  ,  ^^^  ^^^^^  ^    ^^^  ^^ 

last  term  for  every  second  of  time  up  to  ^j^^  (^  declination  of  the  planet  for  a  mi- 
half  an  hour,  ^'^^^"^ing  then  the  ^^^^^  The  product  is  the  correction  to 
mean  correction,  we  take  the  mean  of  ^  j.^^  ^^  ^^^  meridian  altitude  de- 
all  these  terms  as  given  by  the  table :  ^^^  J„»;^  ^  ^^^  j^^^  ^^^^  . 
we  then  multiply  it  by  the  factor  ^^  ^^^  supposition  of  the  declination 
COS. «.  COS.  J  _.  , ,  .  ,  remaining  invariable. 
sin.  (^  -  I)-  Should  we  aim  at  great  ^he  method  above  given  for  the  de- 

J  L„  „u„«__:__  «i,_  -„_  „,    termination  of  latitudes  supposes  that 

precision,  and  be  observing  the  sun  or    ^^  ^^^^  ^  ^^^^  observation  the  hour 

__^ angle.     Now  the  hour  angle  depends 

on  a  knowledge  of  the  time  at  which  the 
J  If.  •^'^•'^ff'Xir*'!*  wulf*tL*°Jfi.'f  *;?rJ    star  comes  to  the  meridian,  which  time 

ml*   we  must  calculate  \lr  witn  tne  value  or>L.  ,  ^.    -^        •   \  m. 

Jbund  by  the  firtit  approlimatlon :  substitute  thii     »«  ^O^nd    by    a  knowledge  of   itS    right 
value  of  ^^*  in  equation  (3),  and  then  determine     aSCension,  and  of  the  moment  at  whlch 

^ }  u  will  thus  be  given  with  great  accuracy ;  but    any  given  Zenith  distance  is  observed : 

it  is  perhaps  belter  only  to  employ  observations     the  difference  of  these  twO  times  is  the 

:.c^'iS  um'm";br.;.Uud"ttJi„t«ro?^^^    hour  angle.    Now  the  v^atch  or  clock 

count  the  reader  may  easily  satisfy  himself  that     that   we   USe  Will    never  foUow   exactly 

it  will  be  of  the  form  either  the  motion  of  the  mean  sun  (if 

*  -  ^        ..  we  are  employing  mean  solar  time)  or 

-A''°-   J^  .    cos.  (^~y.{J^';^  !.':}■«  the  motion  of  the  star    (if  we  foUow 

,'?*.  u    u       -,  •u  .•v',".'.*  .,  .    ,  sidereal  time):  but  in  either  case  we 

t  It  is  to  be  observed,  that  the  latitude  js  always .  j^x         •  »i.  «i  .  4U       i   -i 

known  approximately,  or.  if  not  known,  may  be    may  determine  pretty  exactly  the  daily 

determined    approximately  by  a  single    altitude  loss  Or  gain  of  the  clock,  which  loss  or 

near  the  meridian,  for  then  the  altitude  changes  „„:„  wp"\iinnn«P   nof   tn  vnrv  from   iJav 

very  slowly:  it  is  with  this  approximate  value  of  ?*'"  ^^   SUppose  noi   10  Vary  irom  day 

A,  that  we  calculate  the  correction  to   day.     Let  US  suppose  the   ClOCk    tO 

COS.  tp  COS.  3  lose  daily  a  number  of  seconds,  which 

JTin.  (JP  -  jr  w^  s^^  ^^  r ;  (if  it  gains  r  will  have  a 
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negfttite  «ign).  Then,  in  24  hoursi  the  an^e  hy  consequently  in  our  fonnulsB  of 
dock,  instead  of  indicating  86400  se-  reduction  wilf  not  be  the  real  hour 
condSy  will  indicate  86400*  —  r,  the  hour    angle.  Gall  h!  the  real  hour  angle,  Uien 

hf  8S400' 

h    "  86400  -  r 

r. A. 86400 


.-.  A'  =  A.86400  -\ 


86400 -r 


Let  A. 86400'  =  H  -and 

A'  =  H  +  H  r' 


sf',  then 


/.  sin.  i  A'  =.  sin.  (i  H  +  4  H  t^ 
=  sin.  i  H.  COS.  4  H  r'  +  oos.  ^  H.sin.  i  H  W 

In  squaring  this  expression,  let  us  confine  ourselves  to  the  first  power  of  siiu 

i  H  r'  and  take  cos.  ^  H  r'  =  l 

.       A'          .   .  H       sin.  H.  sin.  H  / 
.-.  8in.i  _  ^  sui.«  — + 2 

We  may  substitute  in  the  second  term,  H  and  H  r'  being  very  small,  2  sin.  -— 
instead  of  sin.  H,  and  2  r'  sin.  i  H  for  sin.  H  r'.    This  gives  us 


sin.  H.sin. H  r' 


=  3  r'  sin.* 


H 


sm." 


A' 


=  (1  +2r0sin.* 


H 


We  have,  then,  in  the  constant  factor  common  to  all  the  reductions,  an  additional 
term  to  introduce ;  namely,  the  multiplier  (I ;-)-  2  r').  To  exemplify  this  method* 
let  us  suppose  that  at  a  certain  spot,  eight  altitudes  of  »  Polaris  near  the  meridian 
(at  the  superior  transit)  have  been  taken,  four  on  each  side  of  it :  let  the  apparent 


declination  of  the  star  for  the  day  in  question  be  ) 
Let  the  approximate  value  of  the  latitude  be  p 


Then  <p  -  ^ 
Hence 


•        •         • 
[COS.  }.  oos.  (p) 

l^S-isin.(^-J)j 


88**  17'  41'' 
51*>     2'     5" 

37**  15'  36" 
8.4900862 

0.0006986 
8.4907848 


The  clock  loses  daily  on  sidereal  time  69**5 

/.  log.  (1  +  2  r')     =; 
•   1        fcos.  ?.*cos.  ^  (1  +  2  r^)i     _ 

"   ^^'l  sin.  (^  -  J)        j 

this  is  the  logarithm  of  the  constant  factor  by  which  we  must  multiply  the  mean 
of  the  reductions. 

Now  let  us  suppose  that  it  has  been  found,  from  a  knowledge  of  the  right 
ascension  of  «  Polaris,  that  it  will  pass  the  meridian  at  its  superior  transit  at 
0^.  24"^.  44*.  By  comparing  this  time  with  the  time  of  the  respective  observations, 
we  get  the  several  hour  angles,  and  taking  from  the  tables  the  corresponding 
reductions,  they  appear  as  follows :— 


SIdertal  Time. 

Hour  Angle. 

Redttction  to  the  Meridian. 

h.       m.       1. 

23  18  57 

5-47 

65-7 

22  23 

2*21 

10*8 

22  59 

1-45 

6*0 

23  43 

1*1 

2-0 

29  19 

4*35 

41-2 

4159 

17-15 

583*9 

45  54 

21-10 

879*0 

46  36 

21*52 

938*1 

Sum  of  reductions 


=     2616*7 
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log.  2616.7      . 
log.  constant  factor 
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/.  there  arc  eight  observations  /.  subtract  log.  8  . 

.*•  log.  mean  reduction    . 

mean  reduction     .  •  • 

Now  the  mean  observed  zenith  distance,  we  suppose    . 
Refraction  (by  the  tables) 

Reduction  to  the  meridian 

Meridian  zenith  distance  of  Polaris  • 

North  polar  distance  of  Polaris 

Zenith  distance  of  pole  =  co-latitude 
latitude 
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3.4177539 
8.4907848 

1.9085387 

0.9030899 

1.0054488 
10'M3 

37°  15'     1" 
1'  46'^ 

37°  15'  47" 
-    10 

37°  15'  37'' 
1°  42'  19'^ 

38°  57'  58" 
51°     2'     2" 


Lastly,  we  shall  remark  that  the  de- 
clinations of  the  stars  may  always  be 
considered  as  sufficiently  well  known 
for  the  most  exact  determinations  in 
navigation  and  geography.  But  in  very 
nice  geodetical  measures,  such  as  the 
measure  of  an  arc  of  the  meridian,  it  is 
desirable  to  determine  the  latitude  inde- 
pendently of  any  value  of  the  declina- 
tion. This  is  done  by  observing  the 
meridian  altitudes  of  a  circumpolar  star, 
both  above  and  below  the  pole:  half 
the  difference  of  those  altitudes  will 
give  us  the  altitude  of  the  pole,  that  is, 
the  latitude.  It  is  hardly  necessary  to 
add,  that  in  this  case  each  meridian 
altitude  is  to  be  found  by  the  method, 
and  with  the  reductions  just  explained.. 
In  this  way  we  are  rendered  independent 
of  any  knowledge  of  the  declination  of 
the  star  employed,  and,  if  necessary,  that 
declination  may  be  determined  with 
considerable  exactness  *. 

Ill*  The  last  method  which  we  shall 
notice,  is  that  of  Professor  Littrow,  for 
finding  the  latitude  by  observations  of 
the  Pole  star  off  the  meridian.  This  is 
a  method  of  great  practical  utility,  as  we 
are  enabled  to  find  our  latitude  with  great 
exactness,  at  any  moment,  without  being 
obliged  to  wait  for  the  transit  of  the  star, 
or  of  the  sun  or  a  planet.  Let  a  series 
of  four  or  six  consecutive  altitudes  be 
observed  at  very  small  intervals  of  time, 
and  take  the  mean  of  these  altitudes  as 


*  The  circumpolar  stars  nsually  employed  for 
the  determinatioQ  of  latitudes  are  Polaris  and  ) 
Urate  Mlnoris,  both  of  which,  In  European  laUtudes, 
are  safficiently  hig^h  at  their  lower  transit  to  avoid 
any  uncertainty  on  the  refraction}  and,  at  the 
same  time,  from  their  small  north-polar  distance, 
move  so  slowly  that  observations  may  be  made 
half  an  hnnron  each  side  of  the  meridian.  In 
the  Nautical  Almanac,  the  apparent  right  ascen- 
sions and  declinations  of  these  two  stars  forthe 
upper  transit  at  Greenwich  are  given  for  everyday 
throughout  the  year. 


corresponding  to  the  mean  of  the  times 
of  observation.  To  find  the  meridian 
altitude  of  Polaris  we  proceed  as  follows : 
let  P  in  the  annexed  figure  be  the  place 
of  the  pole ;  Z  that  of  the  zenith : 

Fig.  58. 


s"  8'  m  the  circle  described  by  the  Polar 
star  round  P,  and  s  the  place  of  the  star 
at  the  time  of  observation.  Call  Ptf, 
the  north  polar  distance  of  the  star,  a  : 
Z  P  =  90°  -  ^  ^  being  the  latitude : 
Z  S  =  90°  -  H,  H  being  the  observed 
altitude.  Our  object  is  to  find  the  dif- 
ference between  the  arcs  Z  P,  and  Z  s ; 
as  then  Z  8  being  known,  we  may  con« 
elude  from  it  Z  P  or  the  co-latitude. 

Now 

ZP-ZS=H-^=Y-.".  ^  =  H— ^ 

Y^  it  will  be  recollected,  must  alwavs  be 
small,  as  P«  is  not  more  than  1°  40'. 
Now  let  p  be  the  hour  angle  Z  P  « 
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COS.  Z  *  =  COS.  P*  .  COS.  P Z  +  ain.  P * .  sin.  PZ  .  cos. p 
sin.  H  =  COS.  A  .  sin.  (H  —  ■»/•)  +  sin.  a  .  cos.  (H  —  '«^)  .  cos.  p . 
/.  1  =  COS.  A  (cos.  ^^  -  sin.  ^  .  cot  H)  +  sin.  a  .  (cos.  ^ .  cot  H  +  sin.  -4^)  cos.p 
/.  1  =  cos.  -4^  •  (cos.  A  H-  sin.  a  .  cot.  H  .  cos.p)  -  sin.  -^^  (cos.  a. cot. H  —sin.  a. 
cos.  p.) 

Put  a  =  COS.  A  +  sin.  a  « cot.  H  •  cos.  p  ^ 

b  -  COS.  A  .  cot.  H  "  sin.  a  .  cos.  p 
.*.     1  =  a  .  cos.  i/'  -  ft  .  sin.  ^  ...        (l> 

Now,  a  =  1  +  A  .  cos.p  .  cot.H  —  i  A«  -  ^  .  a».  cos.p  .  cot.  H 

A  being  small 

b  -  cot  H   -  A  .  cos.p  .   -  i  A«,  cot.  H  +  i  '  A«.  COS.  p 

Suppose,  on  the  other  hand,  ^  developed  according  to  the  powers  of  a,  we  may 
putV' =Aa+ BAt+  Ca»     .     .     .     (2) 

There  is  no  term  in  this  expression  independent  of  a,  for  if  a  =  o,  we  should 
clearly  have  ^/'  =  0. 

Now,  cos.  ^^\  -  J  A«  A"  -  A  B  A» 

sin.-v^  =  Aa+Ba«+  (C  -*A»)  a* 

Substitute  now  these  values  of  sin.  -4^  and  cos.  -v^  in  equation  (1),  and  at  the  same 
time  the  values  above  found  for  a  and  ft,  we  then  get,  arranging  our  terms  accord- 
ing to  the  powers  of  a, 

1=1+  COS.  p.  cot  A  .  A  .  -   i  A«    -    J  A»  .  C08.p  .  COt.  H 

—  i  A«  A«  —  i  A»  A«.  cos.p  .  cot H  -  A  B  A« 

—  A  .  cot  H  .*A  +  A  .  cos.p.  A«  +§  A  A» .  cot.  H  +  B  A8 .  cos. p 

-  B  .  cot  H  .  A»  ^  (C  -  »)  A»  .  ii? .  cot  H 

This  equation  is  identical.    The  terms  then  which  involve  the  same  pow^r  of  A 
must  be  separately  =  0 :  whence  we  obtain 

1.  cos.p  .  cot  H  —  A  .  cot.  H  =  0  .*.  A  =  cos.p 

2.  —  i  —  i  A»  +  A  .  COS.  p  -  B  .  cot  H  =  0 

r     or,  -  i  +  4  COS."  p  =  B  .  cot  H 

,*.     B  =  —  i  sin.*  p  .  fan.  H 

3.  —  i  .  cos.p  .  -  i  A« .  cos.p  +  4  A  -  (C  —  I  A»)  =  0 

.'.0=4.  cos.p .  sin.«p 

Let  us  now  substitute  these  values  in  equation  (2) 
/.,/,  =  A  .  COS.  p  -  4  sin."  p  .  tan.  H  a"  +  4  .  cos.  p .  sin."  p  .  a«  . 

To  express  -4^  and  a  in  seconds  of  arcs  we  must  change  each  into  "4^ .  sin*  1",  and 
A  sin.  1":  put  now  m  -^  sin.  1",  «  =  4  .  sin.«  1",  and  we  get  finally 

•«^  =  A  .  COS.  p  -  m  .  (A  .  sin.p)« .  tan.  H  +  n  .  (Acos.p  .  )  (a  .  sin.p)"  . 

The  arc  ^  being  applied  with  its  proper  sign  to  the  observed  altitude,  gives  us 
the  latitude :  since  ^  =  H  —  ■•^  •. 

Let  us  suppose  that  on  a  certain  day,  we  find 

3  =  88®  23'  27''  p  =  18°  55'  59"  H  =  49<>  2'  38" 

A  =    1°  36'  33"     =     5792"- 7 


*  In  this  exprestlon  the  first  term  A  •  co«.  p  Is  found  tabulated  in  the  Nautical  Almanac  for  Id34  for 
every  ten  minutes  of  sidereal  time,  with  a  mean  constant  value  of  A''-  ^The  second  term  is  given  in  a 
table  of  double  entry,  of  which  the  arguments  are  the  approximate  latitude  for  every  five  degrees,  and 
the  sidereal  time  for  every  thirty  minutes.  We  may  always  take  H  for  the  approximate  latitude,  for  it 
can  never  differ  from  the  real  latitude  two  degrees.  This  second  term  thus  found  is  corrected  by  a  table 
of  double  entry,  of  which  the  arguments  are  the  sidereal  time  of  the  observation  for  every  two  hours, 
and  the  month  of  the  year.  This  term  involves  A^>  and  as  A  is  not  rigorously  constant  throughout  the 
year,  the  term  will  differ  a  little  in  different  months.  The  third  term  of  our  serieSi  being  necessarily 
always  very  imall,  la  ncgltcted. 
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log.  A  ^3' 76%    8795 3*70388 

log.  COS. p  =»  9-383.    6587+  log.  MO.pg9-9869l 

1401"*3-         3146     5382+  3*74979 

7-499     58  2 


log.  i .  sin .«  .  1^=12-89403  7 ' 49958 

log,  0"-35  =  1-54915  log.  tan.  H  =  0-06151 


log.  i  .  sin.  1"  c=  6-38454 

l'.28"*2  1-94563 

Hence  ^  =^  a  .  cos.p  =23'  21"- 3 

^  f»  .  (A  .  sin.  pf  .  tan.  H  -  1'  28"-2 

4.  n  .  (A  .  cos.p)  (A  .  sin.  p)«  .  +  0''-4 

21'  53^-5 

.-.  ^  =  H  -  >;-  =  49°  2'  38"  -  0°  21'  54" 

«  48*>  40'  44" 

Skction  II.  Longitudes- Eclipses  of  *^  uncertainty  is  much  less;  conse- 

Jupiter's  Satellites --Marine  Chro-  quently.  these  whpses  were  for  a  long 

nJSTieter-Lunar  distances-^TransiU  time  much  used  m  the  determmation  of 

ofMoonCulminatingStar^Occulta-  longitudes.    The  principle  here  is  the 

iions^Eclipses.  same  as  m  that  of  a  lunar  eclipse :  the 

phenomenon  takes  place  at  the  same 

I.  Wb  now  come  to  the  determination  of  pjhysical  instant  for  all  observers,  but  the 

terrestrial  longitudes,  a  subject  of  much  time  which  they  will  each  count  at  the 

greater  complexity.    It  will  of  course  be  observations  will  depend  upon  the  dif- 

understood,  that  we  only  speak  here  of  ference  of  the  meridian,  and  the   dif- 

the  astronomical  methods  employed  for  ference  of  the  times  will  be  exactly  pro- 

this  purpose.     The  earliest  and  most  portional  to  that  difference,  that  is,  to 

obvious  of  these  methods  was  that  pro-  the  longitude. 

posed  and  employed  by  Ptolemy,  in  the  The  eclipses  of  Jupiter's  satellites 
observation  of  lunar  eclipses.  The  phy-  (with,  perhaps,  the  exception  of  the 
sical  instant  at  which  the  moon-s  disk  first)  are  not  now  much  used  for  the 
enters  or  qnits  the  earth*  s  shadow,  is  of  purpose  in  question.  The  reason  is  the 
course  the  same  for  all  parts  of  the  earth  same  as  that  which  has  caused  lunar 
from  which  it  is  visible ;  and  were  the  eclipses  to  be  abandoned,  the  difficulty 
observation  susceptible  of  accuracy,  it  of  determining  exactly  the  instant  of 
would  be  a  good  means  of  determining  immersion  or  emersion.  This  will  vary 
terrestrial  longitudes.  But  this  is  not  considerably  according  to  the  goodness 
the  case,  and  the  causes  are  sufficiently  of  the  telescope  employed,  and  other  ac- 
obvious.  The  penumbra  of  the  earth  cidental  causes.  It  is  much  less  for  the 
causes  the  immersion  of  the  moon-s  first  satellite,  which  performs  its  side- 
disk  into  the  pure  shadow  to  be  a  phe-  ral  revolution  in  I  day  18^  28"',  than 
nomenon,  the  precise  instant  of  which  ,  for  any  of  the  others :  and  as,  on  the 
it  is  impossible  to  determine  with  pre-  other  hand,  it  is  eclipsed  much  more 
cision,  and  as  an  error  of  a  minute  in  frequently  than  the  rest,  it  is  desirable 
this  observation  would  cause  an  error  to  confine  our  observations,  if  possible, 
of  a  quarter  of  a  degree  on  the  longi-  to  this  satellite.  However,  the  Nautical 
tude,  while  in  fact  the  error  of  the  ob-  Almanac  gives  the  eclipses  for  the  first 
servation  is  necessarily  much  greater,  it  three  satellites ;  the  fourth  moves  too 
will  easily  be  understood  why  this  method  slowly  to  be  of  any  utility  in  such  re- 
was  soon  abandoned.  searches. 

II.  The  discovery  of  Galileo  of  the  sys-  Nothing  can  be  simpler  than  the  me- 

tern  of  the  satellites  of  Jupiter,  led  to  the  thod  of  finding  the  longitude  by  these 

adoption  of  another  and  a  much  more  eclipses.    Let  us  suppose,  for  example, 

accurate  method.    These  satellites  are  that  the  immersion  of  the  first  sateUite 

subject  to  eclipses  similar  to  those  of  our  into  Jupiter's  shadow  has  been  observed 

moon,  but  the  periods  of  some  of  them  on  a  certain  day  at  7''  n*"  10";  while 

are  much  shorten  and  from  this  cause  another  observer  at  Greenwich  has  ob- 


XI.i%y  ASTRONOMY.  S19 

seired  it  at  6^  53""  S*.    The  differenoe  of  obtain  the  rate  of  the   chronometer, 

the  times  is  24°"  5S  which  is  also  the  Thus,  suppose,  that  on  the  26th  of  May 

difference  of  meridians ;  that  is  to  say,  we  find  by  altitudes  of  Arcturus,  that  the 

the  longitude  of  the  observer  is  24""  5  =  sidereal  time   is  19^  48°"  7%  while  the 

6^1'  15^  west  of  Greenwich.    If,  how-  watch  marks  at  the  same  instant  19^ 

ever,  there  is  no  corresponding  observa-  37^  2%  we  know  that  the  watch  is  too 

tion  made  under  the  meridian  of  Green-  slow  1 1""  5*.    Let  us  suppose  that  the 

wich,  we  take  from  the  Nautical  Al-  next  day,  bv  altitudes  of  the  same  star, 

manac  the  calculated  time  of  that  place  the  sidereal  time  is  19^  54"*  12",  while 

at  which  the  eclipse  will  happen,  and  the  watch  marks  19''  43""  8%  it  will  then 

we  regard  this  time  as  an  actual  ob-  be  too  slow  11°"  4";  it  has  thus  gained  a 

servation.  second  in  the  interval  of  the  observa* 

III.  The  observation  of  the  eclipses  of  tions.     As  the  observations,  however, 

Jupiter's  satellites  being  generally  im-  we  not  24  hours  distant  from    each 

practicable  at  sea,  navigators  have  been  other,  we  find,  by  a  simple  proportion, 

obliged  to  have  recourse  to  other  me-  what  the  gain  is  m  24  hours.    Another 

thods.    The  great  improvements  in  the  observation  on  the  28th,  compared  with 

art  of  watch-making,  principaUy  owing  that  of  the  27th,  wiU  give  us  the  gain  in 

to  Hairison,  have  caused  the  generid  the  second  24  hours ;  and  by  a  series  of 

adoption  of  the  marine  chronometer,  observations  of  this  kind,  we  ascertain 

It  is  sufficiently  evident,  that  if  while  we  whether  or  not  the  chronometer  pre- 

are  at  a  place  whose  longitude  is  un-  serves  an  uniform  rate,  and  the  amount 

known,  we  can,  by  any  means,  find  to  of  that  rate. 

what  instant  of  Greenwich  time  a  given  '^^  °^ost  simple  and  exact  method  of 
instant  conesponds,  we  have  at  once  finding  the  time  at  a  given  spot,  is  by 
the  difference  of  longitudes  between  that  observing  the  instant  at  which  the  centre 
place  and  Greenwich.  Now  the  time  of  the  sun,  or  a  star  of  known  right  as- 
reckoned  by  the  observer  is  easily  deter-  censiou,  is  on  the  middle  wire  of  a  tran- 
mined  by  the  altitudes,  or  the  transits  sit  instrument  properly  adjusted.  At 
of  the  heavenly  bodies :  the  Greenwich  that  moment  the  star  or  sun  is  on  the 
time  is  found  by  transporting  from  meridian;  the  right  ascension  of  the 
Greenwich  to  the  place  of  observation  a  star  at  that  moment,  expressed  in  hours, 
chronometer  which  has  previously  been  minutes  and  seconds,  is  the  sidereal 
carefully  adjusted  to  Greenwich  time,  time*  The  instant  of  the  sun's  centre 
If  it  were  possible  to  have  a  chrono-  being  on  the  meridian,  is  the  instant  of 
meter  which  should  neither  gain  nor  apparent  noon ;  but  as  all  clocks  and 
lose  in  the  least,  a  comparison  of  this  watches  are  necessarily  regulated  on 
chronometer  with  a  watch  indicating  the  *wea»  solar,  and  not  apparent  time,  we 
time  counted  at  the  place  of  observation  ni^st  add  the  equation  of  time  with  its 
would  be  all  that  was  necessary  for  our  proper  sign,  to  get  the  instant  of  mean 
purpose.    But  this  is  not  possible,  nor  noon. 

is  it  necessary ;  aU  that  is  essential  is        No  method  is  equal,  m  accuracy,  to 

that  the  chronometer  should  either  gain  this  method  of  transits ;  but  as   it  can 

or  lose  uniformlv  a  certain  quantity  in  a  hardly  be  employed  except  in  fixed  ob- 

certain  time ;  this  uniform  gain  or  loss  servatories,  it  is  necessary.to  adopt  some 

is  called  the  rate  of  the  chronometer,  other  in  the  determination  of  longitudes. 

If.  for  example,  the  chronometer  loses  Let  us  suppose  that  by  means  of  a  sex- 

5  seconds  daily,  nothing  can  be  more  tant,  or  other  instrument,  the  altitude  of 

easy  than  to  make  the  proper  allowance  a  known  star  has  been  taken,  the  time 

for  this  at  the  end  of  any  given  time,  being  carefully  observed,  while  the  star 

The  rate  is  always  carefully  determined  is  at  a  considerable  distance  from  the 

before  the  vessel  leaves  some  known  meridian :  let  us  wait  now  till  the  star 

meridian ;    but  it  is  always  desirable  has  passed  the  meridian,  and  attains  ex- 

whenever  the  vessel  remains  sufficiently  actly  the  same  altitude  on  the  other  side ; 

long  in  any  port  to  verify  the  rate,  in  then  also  note  the  time  carefully.    Let 

order  to  be  perfectly  sure  that  it  has  not  us  suppose,  now,  that  the  state  of  the 

undergone  any  variation,  and  if  it  has  atmosphere  has  not  varied  the  least  m 

varied,  to  determine  the  new  rate.  There  the  interval  of  the  observations ;  then 

are  various  astronomical  methods  which  since  the  apparent  altitudes  are  equal, 

we  shall  explain  below,  for  finding  the  the  refractions  also  will  be  equal,  and 

time  at  any  given  moment ;  this  being      .  sidereal  tim.  u  couaud  from  tbo  tra«»iu  of 

done  for  several  consecutive  days,  we  the  Arst  point  of  Arim. 
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the  true  altitudes  equal.  But  since  the  be  applied  with  its  proper  sign  fo  the  ia- 
declination  of  the  star  has  not  percep-  terval  of  the  observations.  To  find  the 
tibly  varied  in  the  interval,  true  equal  time  in  which  the  star  describes  a  small 
altitudes  will  correspond  to  equal  hour  vertical  arc,  let  us  consider  the  two  tri- 
ang^lesonoppositesidesof  the  meridian;  angles  Z  P  S,  ZPS',  where  S  and  S' 
or,  in  other  words,  the  instant  of  the  j?Vg-.  59, 

starts  being  on  the  meridian  will  exactly 
bisect  the  interval  of  the  observations, 
which  interval  is  known.  Add  then 
half  the  interval  in  question  to  the  in- 
stant of  the  first  observation,  and  we 
get  the  instant  at  which  the  star  was  on 
the  meridian;  and  its  right  ascension 
being  known,  we  may  get  the  sidereal 
time,  as  before. 

The  refractions  are  the  same  at  the 
same  altitude,  if  the  barometer  and  ther- 
mometer have  not  varied ;  but  as  it  is 
highly  improbable  that  this  will  be  the  are  the  successive  positions  of  the  star, 
case,  we  must  introduce  a  small  correc-  and  the  arc  S  S'  is  very  small ;  Z  is  the 
tion  of  this  nature.  Let  r,  r',  be  the  zenith,  S  the  pole :  call  the  hour  angles 
respective  refractions  calculated  for  the  p  andp',  the  latitude  p,  /.  Z  P =90°  —  ^ ; 
first  and  second  altitudes  ;  we  may  cal-  the  declination,  J  .'.  P  S =P  S'=90^  —  3 ; 
culate  without  difficulty  the  time  taken  call  the  altitudes  h  and  h\  then 
by  the  star  to  describe  the  vertical  arc  Z  S  =  90°  —  A  Z  S'  =  90°  -  A', 

r  "  r*:  the  time  thus  calculated  must    then 

sin.  k  =  sin.  <p  .  sin.  )-|-cos.  9  •  cos.  3  «  cos.  p 

sin.  A'  =  sin.  <p  .  sin.  J  +  cos.  <p  .  cos.  ^  ,  cos.  p', 

.'.  sin.  h'  -  sin.  A  =  cos.  <p  ,  cos.  3  ,  (cos.  p'  —  cos.  p), 

.%  sin.  i  (A'  -  A)  .  cos.i  (A'-f  A)  =  cos.  <p  .  cos.  J  sin.  i  (p—p')  sin.  ^  (p-\-p^ ; 

and  since  A  and  A'  differ  very  little, 

(A'  —  A)  .  cos.  A  =  cos.  (p  .  cos.  J  (p  — p^)  sin.  p ; 

(  A'  —  A)  .  COS.  A 


.'•  P'  -  P  = r— — . 

COS.  <p  .COS.  d.  sin.J9 


This  is  the  expression  for  the  varia-  be  observed  as  far  from  the  meridian  as 

tion  in  Ibe  hour  angle  produced  by  a  it  can  with  convenience.    When  it  is 

small  given  variation  in  the  altitude,  the  sun  which  we  observe,  it  will  be 

The  latter  variation,  in  our  particular  recoUected  that  it  is  the  moment  of  ap- 

case,  is  the  difference  of  the  refractions;  parent  noon  which  is  found ;  to  get  the 

substituting  this  in  our  formula,  pf  -  p  mean  noon,  we  must  apply  the  equation 

is  known,  as  A,  p,  <p,  and  \  ai'e  all  known  of  time  with  its  proper  sign, 
quantities.  The  sun  is  more  frequently  used  in 

This  method,  which  is  called  that  of  the  observation  of  corresponding  alti- 
corresponding  altitudes,  is  susceptible  of  tudes  than  stars.  It  is  then  absolutely 
great  precision,  when  all  the  proper  pre-  necessary  to  know  how  to  make  the 
cautions  are  taken.  It  will  easily  be  proper  correction  for  the  change  in  de- 
understood  that  it  is  advisable  to  de-  clination  during  the  interval  of  the  ob- 
termine  the  instant  of  the  meridian  serrations.  For  this  purpose  let  us  re- 
transit,  by  the  mean  of  several  pair  of  sume  the  equation 
observations.    The  star  should  always 

sin.  A  =  sin.  ^  .  sin.  I  -(-•  cos.'(p  .  cos.  i  .  cos.  p. 

Supposing,  then,  in  this  equation,  S  and  p  alone  to  vary,  we  have 

d  3  .  cos.  S  .  sin.  <p  =  cos.  «p  cos.  •  dp  .  sin.  p\  -\-  cos.  <p  .  cos.  pd'i  ,  sin.  J 

/.  dS(cos.  J.sin.!p-cos.  ^pcos.p  .  sin.  5)  .  .  .  .  =  dj^.sin.p.cos.  <p.co8. ); 


.-.  <^P  =  d^\^^  -cot.p.tan.j} 
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Where  dp  is  the  variation  of  the  hour  tan.  S.  or  A  >^  tan.  <p  and  —  B  ^^  tan.  h 
angrle  corresponding^  to  a  very  small  In  Mr.  Baily's  astronomical  tables,  the 
variation  in  the  declination,  d%  is  the  logarithms  of  A  and  B  are  given  for 
variation  in  declination  during  the  in-  every  two  minutes  of  interval  trom  two 
terval  of  the  observations.  Let  ^/<  be  hours  up  to  twenty-three.  AVe  must 
the  diurnal  variation  in  declination,  then  add  to  log.  A  taken  from  the  tables, 
(which  is  given  in  the  Nautical  Al-  lot;.  ^^  log.  tan .  ^,  for  the  log^arithm  of 
raanac,)  then  (i  )  :  V'  II  half  the  time  the  first  term  ;  and  to  log.  B,  log.  >^,  and 
between  the  observations  :  24  hours,  log.  tan.  3,  for  the  logarithm  of  the 
Hence  d  )  is  calculated.  It  is  better,  how-  second  term :  the  difference  of  these  two 
ever,  to  take  for  '4^  the  mean  of  the  two  terms  is  the  correction.  Let  us  sup- 
daily  variations  of  the  two  consecutive  pose,  for  example,  that  on  the  1 7th  of 
astronomical  days  between  which  the  October,  1827,  corresponding  altitudes 
noon  in  question  lies.  Several  astrono-  of  the  sun  have  been  taken  in  a  place 
mical  tables  give  ready  calculated  these  whoso  latitude  we  know  to  be  48°  41^ 
means,  or  rather  their  logarithms  for  The  interval  of  the  observations  is 
every  day  throughout  the  year.  When  7**  40"' :  the  sun's  declination  is  given 
this  is  done,  the  whole  formula  may  be  by  the  Nautical  Almanac  -  9°  4'  1 5". 
easily  calculated,  by  dividing  it  into  two  By  the  same  ephemeris  ^/^  determined 
terms,  the  factor  of  each  being  found  by  the  mean  of  the  preceding  and  con- 
by  a  separate  table.    The  first  term  is  secutive    daily  variation  =  -  22'4"  =s 

a i  .  -r ;  the  second  -   ac  .  cot.  p 


sm.  p 


log.  di  =  log.  1324"  -f-  log.  3**  50™  —  log.  24'' 
=  log.  1324  +  log.  57®.30'-  log.  360° 
=  3-12205  - 
0-58399 

3-44370 


log. rfJ      =     1-14974  - 
log.  tan.  <p  =    0-05595  + 

1-20569  - 
log.  sin.  p  =  9  •  92627  -f- 

1-27942  — 

,^  tan.  « 

.*.  dl.-: ^  =  -  19-0 

sm  p 

-  d^.tan.  3.  cot.p  =  -    1-4 


log.  rfj  =  1-14974  - 
log.  tan.  )  =  9-20317  — 
log.cot.p  =  9-80314  -h 


.".  whole  correction  =  —  20*4 

-  d}  .tan.  2 .  cot.  p  -  l*-4 
The  semi-interval  =s  3*'  50™  0 

Correction  =   -         20*4 


0-15605  4- 


Corrected  semi-interval  =  3**  49'"  39*-6 


According  to  this,  the  watch,  at  the 
first  observation,  should  have  indicated 
12  hours  —  3'"  49'"  39*- 6  =  8-'  10"'  20«-4. 
Suppose  it  really  indicated  8*'  6"  3*, 
then  we  perceive  that  it  must  have  been 
43™36'-4tooslow. 

The  time  may  also  be  found,  though 
with  less  accuracy,  by  a  single  altitude 
of  a  star.  But  in  this  case  it  is  neces- 
sary to  select  the  moment  when  the  star 
changes  its  altitude  most  rapidly  in  a 
short  given  time.  We  know,  by  what 
has  preceded,  that  its  variation  of  alti- 


tude is  least  when  near  the  meridian :  it 
is  easy  to  show  that  it  is  greatest  when 
near  ihe  primo  vertical,  that  is,  when  its 
azimuth  is  90°,  counting  from  the  meri- 
dian. Let  J  be  the  zeniih  distance,  i  the 
declination,  <p  the  latitude  of  the  ob- 
server, p  the  hour  angle,  then 

cos.p  =  CQ^-  ^  -  sin.  ^  .  siiO 
cos.  <p  .  cos.  S 

,      .  di  .  sin.  ^ 

cos.  »p  .  cos.  3 
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Now  call  the  angle  P  Z  S,  tehlch  is  the  cessary  to  know,  not  only  the  latitude 

aiimuth,  A,  of  the  place  of  observation,  but  also  an 

sin.  A  .  sin.  ?  =  sin.  p .  cos.  J,  approximate  value  of  the  longitude,  as 

^9  this  latter  is  necessary,  in  order  to  caU 

/.  dp  = : — -  culate  the  declination  for  the  moment 

cos.  <p  .  sm.  A  in  question.    This  is  more  particularly 

j^  =  cos.  (p  .  sin.  A.  necessary  for  the  sun.  whose  daily  mo- 

dp  tion  m  declination  is  so  considerable. 

^  ^  We  are  likewise  obli^d  for  the  sun  to  cor- 

But  -7-  represents  the  variation  of  the  rect  the  apparent  altitude  observed,  not 

...  jP        .       i_  _xA-        XI- •        •  only  for  refraction,  but  parallax.     This 

zemth  distance  ma  short  time :  this  yari-  j^  unnecessary  for  Jupiter  and  Saturn. 

ation,  then,  will  be  greatest  when  sm.  A  ^y^^^  parallaxes  are  insensible.     We 

IS  greatest;  that^is.  when  sm.  A =1,  or  ^^y  either  always  observe  the  same 

A  -  r  Z  S  -  90  .  .  Ij,^^^  whether  upper  or  lower,  and  then 

As  one  altitude  of  a  star  would  not  correct  for  the  apparent  semi-diameter ; 

give  the  ime  with  sufficient  accuracy,  it  q^.  which  is  more  convenient,  we  may 

18  desirable  to  take  a  group  of  six  or  observe  alternately  the  upper  and  lower 

eight  altitudes  very  near  each  other,  and  i^^b .  then  at  the  end  of  an  even  num- 

then  to  consider  the  mean  of  the  alti-  be^  ^f  observations  the  semi-diameter  is 

tildes  as  corresponding  to  the  mean  of  eliminated  when  we  come  to  take  the 

all  the  times  of  observation.    Knowing,  mean 

then,  in  the  trianrfe  Z  P  S,  the  three        Let  us,  as  an  example,  suppose  that 

sides  Z  P,  Z S,  and  PS,  we  determine  ^he  four  following  zenith  distances  of 

the  angle  at  P,  or  the  hour  angrle  by  the  ^^^  g^^.g  „     er  and  lower  limbs  have 

usual   trigonometrical  formulse  ;    call,  been  observed  alternately,  and  that  their 

for  example,  these  three  sides  4,  J  and  gu^  ^  252^  10'  22":  and  let  the  lati- 

a;.  respectively;    then   putting  2  A   =  tude  of  the  place  be  48®  40'  50":  sup- 

'  -r  Z  -r  Xf  pose  the  mean  of  the  four  instants  of 

p  /sm.ik  -  o.sin.(^-;^)  observation  to  be  7"^  30»  37^5.    This 

tan.~-  =  A  / '• — h — '■ — 71 7^ —  **  ^"®  **"™®  ^V  ^"®  watch,  and  therefore 

2         V        sm./2.  sm.  («  -  g  njg^n  u^e:  add  to  it  the  equation  of 

We  may  of  course  employ  the  alti-  time  3*"  7*  to  get  the  true  time  of  obser* 

tude  of  the  sun  or  a  planet  instead  of  vation  =  7°  33'  44"'5. 
that  of  a  star :  but  in  this  case  it  is  ne- 


/ 


O        f        ff 

4  zenith  distances 

=: 

252  le  22 

Jth 

Refraction  —  parallax 

-= 

63     2  35-5 
1  46-4 

t   = 

63     4  21-9 

Co-latitude  =  ^ 

North  polar  distance  of  the  sun*s  centre 

= «      = 

41     9  10 

74  36  18-2 

/.  2  *  . 

=  :  +  *  +  X  = 

178  69  50-1 

.-.  A  = 

89  29  55-0 

k  -  i  = 

48  20  45-0 

k-x  = 

14  53  36-8 

k  -i  = 

26  25  33-1 

/.  loc:.  sin.  (A  -  ^)  =  9.8734194 
log.sin.  (ft;— a;)  =  9-4099675 

log.  sin. 
log.  sin. 

k          =  9.9999833 
(ft-0=  9-6483980 

9-2833869 
9-6483S13 

S)'6483813 

9'63r)0056 

log.  tan. -^          =  9-8175028 

:.^          =  33  18  3  « 

h    in 
2  IS 

12-3 
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/.  p  =  4  26  24-6 
Complement  to  12  hours  s  7  33  35*4 

This  is  the  time  that  the  watch  should  acceleration  of  the  fixed  stars  on  the 

have  marked  at  the  mean  of  the  obser-  sun,  which  acceleration   s=  3*"  55a'91. 

vations,    while    in   reality  it    marked  Suppose,  for  example,  9th  June,  Arctu- 

7*»  33"  44'-5 :  it  is  then  9'-l  too  fast.  rus  attains  a  certain  altitude  at  8**  33''' 

The  sun's  declination  and  the  equa*  17":  and  on  the  14th,  the  star  attains 
tion  of  time  are  pven  for  every  day  at  the  same  altitude  at  8^  7'  3^.    Then 
noon  at  Greenwich:  knowing  approxi- 
mately the  longitude  of  the  place  of  ,.«»       ^^  :«  .  j            Tc  li 
obseri^ation,  we  find  to  what  time  at  difference  m  5  days  =  ^6  14 
Greenwich  7**  30"  corresponds.     Sup-  in  1  day    =     5  148 
pose  the   approximate    longitude   22®  Constant                   =     3  55'9 
30' W.;  theny^'SO"  corresponds  to  9^  Watch  loses  daily           .1  18-9 
at  Greenwich.    To  find  the  sun's  decli- 
nation and  the  equation  of  time  at  that  If  the  watch  went  exactly  by  mean  solar 
moment,  find  how  much  each  of  these  time,  it  ought  to  lose  daily  3"  55--9  on 
quantities  vary  in  24  hours:  ^th  part  sidereal  time:  it  really  loses  6™  14-8. 
will  be  their  variation  in  one  hour;  and  The  difference  between  these  quantities 
nine  times  that  the  variation  in  nine  then  is  its  real  diurnal  loss. 
hours.    Apply  this  variation  with  the  IV.  Having  now  sufficiently  explained 
proper  sign  to  the  declination  at  noon,  how    to    determine   the    longitude  by 
and  to  the  equation  of  time,  we  shall  means  of  the  chronometer,  we  now  pro- 
have  these  quantities  for  the  instant  of  ceed  to  examine  the  other  methods  most 
observation.    Suppose  our  observation  generally  in  use.    In  the  first  rank,  in 
made  on  the  2nd  of  May:  by  subtract-  point  of  general  utility,  is  the  method 
ing  the  declination  as  given  for  Green-  of  lunar  distances.    The  original  prin- 
wich  noon  on  the  2nd,  from  that  for  ciple  of  this  method  is  identical  with 
Greenwich  noon  on  the  3rd,  we  get  the  that  of  lunar  eclipses,  of  the  occulta- 
diurnal  variation,  and  A<h  part  is  the  tions  of  Jupiter's  satellites,  and  so  on. 
horary  variation :  suppose  we  find  this  The  object  is  to  find  some  celestial  phe- 
=  44''-5 ;    then  nine  times  the  horary  nomenon  which  shall  serve,  as  it  were, 
variation  =  440"'5  «  7'  20^*5.      Sup-  for  a  signal,  which  may  be  observed 
pose  at  Greenwich  noon  the  declination  under  different  meridians,  and  by  which 
was  15^16'  21  "'3;  then  at  nine  hours  the  two  observers    can  compare  the 
it  will  be  15®  23'  4l''*8.  times  they  reckon  at  the  same  physical 

When  we  wish  merely  to  determine  instant.    Nor  is  it  necessary  that  the 

the  rate  of  a  watch  or  chronometer,  and  phenomenon  should  be  observed  under 

not  the  absolute  time,  it  is  sufficient,  both  meridians :  the  hour  at  which  the 

having  taken  the  altitude  of  a  star  not  phenomenon  must  happen  may  be  cal- 

far  from  the  prime  vertical,  to  observe  culated  for  one  of  them,  and  observed 

some  days  afterwards  the  moment  at  *t  the  other:  the  comparison  of  the 

which  it  comes  to  the  same  altitude,  observed  time  at  one,  with  the  calculated 

In  this  time  the  changes  of  apparent  time  at  the  other,  will  be  sufficient.    It 

place  produced  by  aberration,  preces-  i«  evident  that  there  is  only  one  particu- 

sion,  and  nutation  will  be  quite  insen-  lar  instant  at  which  the  moon  can  be  at 

sible ;   and  consequently  at  the  same  »  certain  distance  from  any  fixed  star* : 

sidereal  time  the  star  will  return  to  if  we  ascertain  then  at  any  moment  this 

the    same    altitude.   Allowance    how-  distance,  and  if  we  determine  from  the 

ever  must  be  made  for  the  changes  tables  what  time  was  counted  at  Green- 

of  the  atmosphere  in  the  mean  time  ^ich  at  the  moment  she  had  the  same 

both    in    temperature    and    density :  difference,  the  longitude  is  found  ex- 

these  changes  must  be  allowed  for  in _^ 

the  manner  which  has  l)een  previously  ~" 

explained.     When  the   watch   or   Chro-  •  The  rewon  why  the  moon  «lone  la  employed 

*^     .                1              •                       _i     ^..  lies  In  the  extreme  rapidity  of  her  motion.    In 

nometer  marks,  as  is  very  usual,  mean  coneeqaence  of  thie.  her  duuoce  changes  to 

solar  time,  it    is   necessary  in   this   kind  rapidly,  that  there  la  much  leaa  uncertainty  about 

of  observation   to    allow  for  the  daUy  the  p^clse  moment  correapondlng  to  t  glren  dlf 
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actly  as  in  the  case  of  the  eclipses  of    effects,  it  is  necessary  to  measure  the 


apparent  altitudes  both  of   the   moon 
and  star.     Suppose,  in  the    spherical 

Fig.  60. 
z 


Jupiter's  satellites.  The  problem  then 
divides  itself  into  two  parts ;  first,  to 
ascertain  the  distance  of  the  moon's 
centre  from  one  of  the  principal  planets 
or  fixed  stars  at  a  certain  moment; 
secondly,  to  find  the  Greenwich  time  to 
which,  according:  to  the  tables,  that  dis- 
tance corresponds. 

The  first  part,  namely,  the  observa- 
tion of  the  distance,  requires  some  cor- 
rections, which  we  proceed  to  explain. 
"We  begin  by  observing  consecutively, 
and  with  as  little  interval  as  possible, 
four  or  six,  or  even  sometimes  eight, 
distances  from  the  star  to  the  nearest 
part  of  the  moon's  limb,  noting  at  each  triangle  Z  M'  S',  Z  to  be  the  zenifh, 
observation  the  corresponding  time :  M'  the  observed  place  of  the  moon's 
we  take  the  mean  of  all  these  distances  centre,  S'  of  the  star :  M'  S'  the  ob- 
and  consider  it  as  answering  to  the  served  distance.  Suppose  the  true 
mean  of  all  the  times;  we  thus  get  place  of  the  moon  corrected  for  parallax 
a  single  distance  corresponding  to  acer-  — refraction  to  beat  M,  and  that  of  the 
tain  known  instant  of  time.  We  add  the  star  corrected  for  refraction  to  be  at  S ; 
apparent  semi-diameter  to  get  the  ap-  then  M  S  will  be  the  true  distance 
parent  distance  from  the  star  to  the  which  we  wish  to  find.  Now,  since  the 
moon's  centre,  and  we  have  from  this  apparent  altitudes  A  and  h'  have  been 
to  find  the  true  distance.  The  star  is  observed,  Z  M  =  90°  —  k,  and 
elevated  by  refraction,  the  moon  is  ele-  Z  S'  =  90°  -  V  are  known,  and  Z  M, 
vated  by  refraction,  and  depressed  by  Z  S  may  be  found  by  calculation : 
parallax:  to  allow  for  these  combined    M' S'=  a' has  been  observed.    Now 

r,  ,,  «       COS.  a'— sin.  A.  sin.  A' 
cos.  Z  M  S  = 


But  calling  M  S,  A 


cos.  Z  M  S 


COS.  A.  cos.  A 


cos.  A  «-  sin.  H.  sin.  H' 


cos.  H.  cos.  H' 
H  and  H'  are  the  true  altitudes 

COS.  a'— sin.  A.'sin.A'      cos.  a  w  sin.  H.  sin.  H' 
'•         COS.  A.  cos.  A'  COS.  H.  cos.  H' 

COS/  a'— sin.  A.  sin.  A'       cos.  a  —  sin.  H.  sin.  H' 


1  + 


COS.  A.  COS.  h'  cos.  H.  cos.  H' 

cos.  a'+cos.  (A  +  A')       COS.  a  +  cos.  (H  +  H') 


+  1 


COS.  A.  COS.  A'  COS.  H.  cos.  H' 

To  simplify  the  expression,  put  A  -|-  A'  +  a'  =  2  to 


2.  COS.  m.  COS.  (m  —  A') 
COS.  A.  COS.  A' 


2.  COS." 


H  +  H' 


-  2  sin.' 


A 


COS.  U.  COS.  H' 


sin.«  4  A  =  cos.«  i  (H  +  HO  - 


COS.  H.  COS.  H' 
cos.  h,  COS.  h' 


.  COS.  m.  COS.  (m  ^  A') 


•  1  +  cr>a.  A  =  2  coc.  •.- 


I  -  COS.  B  =   9  8in.B 


5. 

2 


A  B 

.  • .  COS.  A  4-  COS.  B  CI  2  cos".—  -  2  tin.*--- 
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To  put  this  equation  in'a  form  adapted  for  logarithmic  compuf  ation»  take 

/  COS.  H.  COS.  H' 
tm^^r^V     cos.  A.  COS.  A^  •  ^^"' '"^  ^^'' ^'^ -^  ^ 

COS.  4  .  (H  +  HO 
.'.  sin.  J  A  =  COS.  i  (H  +  H^.  cos.  p. 

The  process  then  is*  first,  to  correct  the  as  we  have  done,  the  moon*8  variation  of 

observed  altitudes  for  parallax  and  re-  distance  in  three  hours  uniform :  and 

fraction,  in  order  to  ^et  the  true  alti-  consequently,  instead  of  interpolating  as 

tudes.    Knowing  H»  H',  A.  k'  and  ^,  we  have  done,  we  must  take  into  account 

we  calculate  2m  =  A-4-A'-|-^:  then  the  second  differences.    To  comprehend 

the  auxiliary  arc  ^,  and  lastly  a,  or  the  the  principle  on  which  this  is  done,  we 

Irue  distance  by  the  equation  just  given,  must  refer  to  the  theory  of  finite  differ- 

It  is  unnecessary  to  observe,  that  in  ences,  which  teaches  us  that  if  we  call  the 

taking  the  distance  from  the  moon  to  a  first  difference  between  the  two  distances 

planet,  we  must  add  the  planers  semi-  A',  the  difference  between  the  first  dif- 

diameter  to  the  observed  distance.  ferences  or  the  second  difference  A'> 

The  operation  we  have  just  explained  and  so  on,  then  that  the  distance  at  any 

is  technically  called  clearing  the  dis-  time  t  from  the  nearest  value  in  the 

tance.    When  this  is  done,  we  turn  to  Ephemeris  is  equal  to  that  nearest  value 

the  Nautical  Almanac,  which  gives  us  t             t^t—Z^) 

forevery  three  hours  the  distance  of  the    +  -rj;-  A'  H rr^ — .A"  •  ,  •  •    We 

moon's  centre  from   the   four  larger  ...               ,             ,  ,.« 

planets  and  the  principal  fixed  stars,  »hall  suppose  the  second  differences  con- 

and  we  look  for  the  greater  and  less  *<*".*!  ^"  t"**  ^^^  ^^^  ^^ird  differences 

than  that  which  has  been  observed:  vamsh  or^s  =  q;  our  series,  then,  is 

we  find  the  change  of  distance  in  three  ^^^^^^  to  the  three  first  terms.    Put  $ 

hours;  and  hence  by  interpolation  the  _    *       ,  ,  '•('-3*') 

moment  of  Greenwich  time  which  cor-  ""  "Jii*  ^   "*"      jgH     •  ^*»  ^^^  '  ^  *'^* 

responds   exactly  to  the  distance  ol>  ,.„           ,   .          .,               .  ,.  . 

served.    If  we  suppose  the  variation  ^iff^f^nce  between  the  nearest  distance 

of  distance  in  the  interval   of  three  >*^  ^^?  almanac,  and  that  actuaUy  ob- 

hours  to  be  uniform,  this  interpolation  «?7e^-     A  "  ^^""^  by  takinj:  the  two 

offers  no  difficulty,  as  it  is  accom-  distances  in  the  table  immediately  pre- 

plished  by  a  simple  proportion.    Sup-  ^^'^!^  ^"^  following  the  nearest    sub- 

pose    the    distance    observed    to    be  tractmg  the  first  from  the  second,  and 

41^  2'  3".  and  that  the  Nautical  Alma-  the  second  from  the  third,  or  the  reverse, 

nac  gives   the   distance  at    6  hours.  *"^J^^",P^*^»"«  ^u'^'^^^^^^^^jj."?!^^ 

39«  44'  26";  at  9  hours,  41°  29'  6";  the  wo  differences  thus  obtained  divided 

then  the  difference  \^  44'  40"  is  the  ^y  ^jlfS:     ^"  "  **!f  ^ifference  of  these 

change  of  distance  in  3  hours:  sub-  two  differences :  all,  ^en,  is  known  in 

tract  from  41°  2'  3",  the  next  smaller  «"'  equation  but  *.    We  obtain  from  it 

distance     in     the     Nautical     Alma-  t  _- i 

nac,    39**  44'  26";    the  difference  is  "JT  -  a'— *A"+i  A"  *' 

1°  1 7'  37".  We  have  then  the  proportion  ,,                  .           ,  \       .  * 

\^  44'  40"  :  3^  ':  1®  17'  37"  :  the  ^^  ^®  ^^re  to   neglect    A%    we   get 

time    J^u;red.    *  Hence    this  'time  ^  ^  ^^.  ^hjch  is  the  same  thing  as 

^  ^"^  loi7'37"*  '^^^  Nautical.  Alma-  gupp^ging  ^^^  variation  of  the  distance 
nac  gives  us  the  proportional  logarithm  uniform,  and  is  in  fact  the  process  we 
of  the  numerator  2343:  thepropoitionai  have  already  followed  in  our  example, 
logarithm  of  the  denominator  is  6021 :  To  correct  the  resuU,  substitute  in  the 
the  difference  =  3678  corresponds  to  denominator  this  approximate  value  of 
2'' 24™  18.,  which,  added  to  6  hours,  *;  and  then  calculate  /  over  again  by  thi 
gives  8*»  24'"  18"  for  the  Greenwich  time,  formula  we  have  just  given, 
corresponding  to  the  moment  of  obser-  The  best  practical  way  of  proceeding  is 
vation.  Suppose  the  observer  had  to  employ  the  table  of  the  correction  for 
counted  at  this  instant  S**  3™  7\  the  second  differences  in  the  Nautical  Al- 
longitude  is  21"  11,  W.  manac  in  the  following  way.  In  the  ex- 
It  is,  however,  often  productive  of  ample  we  have  already  been  considering, 
very  considerable  inaccuracy  to  suppose,  the  approximate  value  of  <  is  8^  24"  18*. 
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The  proportional  losfarithm  of  6*»  is  2355,  the  radius  d',  which  tnakel  with  the  ho- 
of 9^  2343 ;  thd  difference  is  12 :  entering  rizon  the  an^le  4 
the  table  of  second  differences  with  12  at  =s  d  (I  ft  sin.'  0 
the  top  of  the  column,  and  2**  20"  at  the  =  rf  -  ^.  sin.«  K 
side,  we  eet  for  the  correction  2' ;  since  *     .,               *•       •            1- 
the  proi^rtional  logarithms  are  deerea^  As   he  correction  in  question   w  very 
ing  the  correction  is  to  be  added,  and  '""^ ;  »*  »  "ot  necessary  to  knowj  yety 
we  obtain  for  the  correct  moment  of  «»«»"y5  f"i' •"Z^"^'  ""I^P*  "'*»"".»•» 
Greenwich  time  corresponding  to  given  dep-ee*  of  the  horizon,  this  correction 
lunar  distance  8"  24"  20' *  may  be  neglected  altogether. 

When  the  proportional  logarithms  de-  Howerer,  in  estimating  the  moon-f 

crease,  A»  is  positive,  and  the  correction  appwent  semi-diameler.  it «  quite  neces- 

is  positive :  itis  negative  in  the  contrary  »."y  ♦»  *»''«  '"lo  'i««'""V'!f  *»»"*"'•' 

case.    It  may  be  ai  well  to  remark,  that  ♦'<»^  produced  by  her  altitude  above  the 

the  proportional,  or.  as  they  are  some-  honzon     This  subject  has  alrewly  been 

times  ciJled.  logistic  logarithms,  are  in  f«m'ned  in  the  note  to  page  61 ;  and 

this  case  the  lo|arithms  of  the  fraction  ^^  exp.«^Mon  for  the  augmentation  is 

«h                    °  there  given :  we  shall  only  observe  here 

— f  and  are  given  in  tables  for  every  that  it  may  be  found  tabulated  in  the 

*.             _           ,    ^                      ,  lunar  tables,  and  several  astronomical 

mmute  and  second  of  t^  t  bein^  a  frac-  works, 

lion  of  3  hours :  of  course  when  t  =  3»»  Lastly,  we  may  observe,  that  when  a 


log.~.= 


2i.  --  Q  •  sextant  is  employed,  and  particularly  at 

sea,  that  it  is  difficult  to  observe  the  alti- 
"When  the  sun  or  moon  or  both  are  tudes  of  the  two  bodies  with  much  pre- 
observed  near  the  horizon,  it  is  necessary  cision :  besides  this  method  requires 
to  make  a  correction  on  the  semi-dla-  three  observers,  one  for  the  altitude  of 
meter.  Since  refraction  acts  in  a  ver-  the  moon,  a  second  for  that  of  the  sun 
tical  plane,  it  will  elevate  the  upper  limb  or  star,  and  a  third  for  the  distance.  It 
of  the  sun  or  moon  less  than  the  lower,  is  then  in  many  instances  preferable  not 
so  as  to  give  the  disk  the  form  of  an  el-  to  observe  but  to  calculate  the  altitudes 
lipse.  The  vertical  semi-diameter  in  con-  of  the  two  bodies.  This,  it  is  true,  re- 
sequence will  not  have  the  same  value  quires  a  knowledge  of  the  longitude, 
as  the  horizontal  semi-diameter,  and  the  which  is  what  we  are  seeking,  but  prac- 
differently  inclined  semi-diameters  will  tically  it  is  always  known  approximately, 
have  different  values  according  to  their  and  the  error  on  the  calculated  altitude 
inclination.  As  the  star  is  generally  would  probably  be  less  than  the  inevi- 
brought  into  contact  with  the  moon's  table  eri-or  of  the  observation.  Callins: ' 
disk  at  the  extremity  of  an  inclined  semi-  the  hour  angle,  i  the  declination,  <p  the 
diameter,  it  is  necessary  to  know  how  latitude,  a  the  altitude, 

to  correct  this  source  of  error.    The  8in.a=sin.^.cos.3-cos.®.sin.  J.cos.p; 
tables  give  us  the  horizontal,  whereas  we 

>»fish  to  know  the  inclined  semi-diameter.  ^^^^  «  '^as  been  calculated  by  this  for- 

Generally  let  a  and  a'  be  the  true  altitudes  ^^^^-  ^^  n^ust  apply  the  proper  correc- 

of  the  upper  and  lower  limb :  r  and  r'  the  \^^^  ^^^  refraction  according  to  the  exist- 

conresponding  refractions ;  then  a  -f-  r,  ing  state  of  the  atmosphere,  and  also  the 

c/  4-  r'  will  be  the  apparent  altitudes :  correction  for  parallax,  to  the  moon,  in 

their  difference  a  •- a' -  (r  ^  r^)  will  be  o^^er  to  get  the  apparent  altitude, 
the  vertical  semi-diameter  =  2  (rf  —  *)        We  shall  conclude  this  subject  with 

calling  d  the  horizontal  semi-diameter,  t*^«  following  example  of  clearing  the 

and  putting  r  +  r'  =  2  e.     The  disk  distance  by  the  formula  above  given, 

will  have  the  form  of  an  ellipse  whose  ^^^^  ^^  suppose  that  the  distance  of 

■emi-axes  arc  d  and  rf  —  •.    The  com-  Regulus  from  the  moon's  centre  has 

d  -^  f       s  heen  observed  at  14^  59"  59'"7,  and  that 

pression/c  =1 -^  =  -j.     Hence  it  was  58®  25'  36" ;  and  that  the  calcu- 

lated  apparent  altitudes  of  the  star  and 

^      ^  .       ,  ^^  .  moon's  centre  at  that  moment  were  70® 

HiS'-S'Sfrrr^V™:  y;;?^"W:  34:  9;;  and  480  O' 49".  v-Wle  the  true 

t&MM4totli«tia«,  altitudes  were  70®  33'  49",   and   48® 

40'  38",  respectively. 
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.-.  H  +  H'=  119«>14'27" 
J   =  59  37  13-5 
log.  COS.  J  (H  +H')  =  9  ■  7039 1 56 


A   »  58*  25'  37" 

A  =:  48   0  49  /.  log.  COS.  =  9*8253962 

A'  =  70  34  9    log.  COS.  =  9-5220119 


log.  COS.  (^ 


=  9-9801947 


log.  sin.  ^  A  :s 9* 6841 103 

-^  =  28°  53'  36" 
A    =  57    12    12-4 


177  0  34 

m  s  88  30  17 

m  -  #  30  4  41 

H  =:  48  40  38 

H'  s=  70  33  49 


—  9-3474081 

log.  cos.     8M165499 
log.  COS.     9*9371885 

log.  COS.  9*8197415 
log.  cos.  9-5221313 

18-3482031 


We  owe  the  formula  for  clearing  the 
distance  which  has  been  given  above  to 
the  Chevalier  Borda,  a  distinguished 
French  navigator  and  astronomer,  and 
it  usually  bears  his  name :  it  is  the  most 
simple  of  all  the  accurate  formulae  which 
have  been  proposed  for  this  purpose. 
But  it  is  found  very  useful  in  navigation, 
to  employ  approximate  formulae,  which, 
though  not  mathematically  exact,  are 
sufficiently  true  for  practical  purposes, 
and  at  the  same  time  possess  the  ad-* 

Cos.  H  .  cos.  A^ .  COS.  A  =  cos. 

-h  i .  sin. 
+  i .  sin. 

In  this  expression  the  two  last  terms 
are  always  very  small,  and  may  both  be 
taken  without  mterpolation  from  a  small 
table,  such  as  that  which  follows. 

Expressins:,  as  we  may  always  do, 
H'  -  A'  and  H  -  A  in  minutes  of  de- 
grees, instead  of  their  sines,  we  have 
only  to  tabulate  the  value  of  1 .  a? .  sin. 
l'^  for  all  the  values  of  x.  Thus,  for 
example. 


X 

lo 

1 .  X  •  sin.  1'. 

179° 

0*000002538 

20 

0-000005076 

178° 

S* 

0- 000007612 

177° 

4° 

0*000010146 

176° 

5° 

0-000012676 

175° 

etc. 

etc. 

This  table  should  be  calculated  for 
every  ten  minutes  up  to  0?=  90°=  180°, 
and  then  no  interpolation  will  be  re- 
quired. The  second  and  third  terms  are 


i  =  9- 1741016 

log.  COS.  (^ ^- j    =  9  •  7039 1 56 

log.  sin.  f  =   9-4701860 
.*.  ^  =  17°  l0'20"-6 

vantage  of  a  form,  that  permits  their 
being  put  into  tables.  It  is  unneces- 
sary to  insist  upon  the  advantage  of 
this, '  not  merely  to  navie^ators  destitute 
of  mathematical  knowledge,  but  often  to 
scientific  men,  when  the  number  of 
observations  that  they  have  to  reduce 
is  considerable.  One  of  the  most  ac- 
curate and  convenient  of  these  formdse 
is  the  following,  due  to  Simonoff,  a 
Russian  astronomer. 
Adopting  the  same  notation  as  before, 

H  .  cos.  H' .  cos.  D' 
(H  +  A).sin.<H'--AO 
(H'  -H  A')  .  sin.  (H  -  A) 

found  by  this  table,  entering  it  with  the 
values  of  H  —  A  and  H'  -  A'  respectively; 
the  first  must  be  calculated  trigonometri- 
cally ;  and  then,  as  well  as  the  other  two 
terms,  divided  by  cos.  A  .  cos.  A',  to  get 
the  value  of  cos.  A»  the  cosine  of  the 
real  distance. 

We  might,  and  this  would*  be  rather 
more  accurate,  construct  for  the  two 
latter  terras  of  our  expression,  a  table  of 
double  entry;  the  argument  at  the 
head  of  the  table  would  do  for  either 
H'  -  A',  or  H  -  A,  and  should  be  car- 
ried up  to  62'  or  63^  the  utmost  amount 
of  parallax  combined  with  refraction. 
The  ar^ment  down  the  table  would  do 
either  for  H  +  H'  or  A  +  A',  and  should 
be  carried  up  to  90°.  The  table  may  be 
constructed  for  greater  or  less  intervals 
of  space,  according  to  our  desire  of  ac- 
curacy, and  wish  to  avoid  interpolation. 
We  may  further  remark,  that  if  such  a 
table  be  wanting,  the  two  latter  terms 
may  be  calculated  trigonometrically. 
Lastly,  we  shall  observe  that  the  for- 
mula is  as  exact  as  that  of  Borda. 

Q2 
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Let  us  take  the  Mowing  example  :— 

A'  =  36<*  50'  22'^ 

h'  ==  26 

H'  »  26 

A    »  24 

H  «  25 

H  +  A  = 


HeQC«  w;  get 


47 
45 
33 
20 

+ 


54'  ^2" 

46  54 

32  20 

1  48 


Consequently 


4 

16 

44 

38 
490 

H  -  A  =  +  0 

H'  +  A'  =  +53 
H'  -  A'  =  -  0 

log.  COS.  a'  =  9*9032630 
log.  COS.  H  =  9 -956050; 
log.  COS.  h    =  9-9508242 

9*8101379 
Log.  Sin.  (H  +  »  =  9-8836558  + 
Log.  sin.  (H'+  AO  =  6.7j_S^l'3i_- 

6*6026544  ~ 

Log.  S  =  9*6989700  + 

6*3016244  - 

Log.  sin.  (H'  +  h')   =  9*9053967  +  • 
Log.  sin.  (H  -  A)  =  8*1348855  + 

Log.  4  =  9*6989700  +  ; 

7*7392522   +  Third  term  *  +  0'00549. 

.-.  Sum  of  the  three  terms  -  a*  65115 


Fin^tterm  »  +  0-64db9 


Second  term  =  -  0' 00020. 


Log. COS. A  =s  9*95880771 
Log.  COS.  A' =  9*9507096} 


Log.  sum  =  9*8136778 
9*9095173 


9*9095173       log.  COS.  A  =  9*9041005 

/.     A  -  36°  40'  50" 
which  is  exactly  what  is  given  hy  the  formula  of  Borda*. 

By  Transits  of  the  Moon  and  Moon-  a  second  obseryer,  at  a  place  whose  Ion- 

culminating  Stars.  5'^"^«  is  unknown,  observes  the  sidereal 

time  of  the  same  phenomenon  on  his 

Let  us  sup[)ose  that  one   observer  own  meridian.     Were   the  moon  im- 

under  the  meridian  of  Greenwich  ob-  moveable,  each  observer  would  count 

serves  the  sidereal  time  at  which  the  i^xactly  the  same  instant  of  sidereal  time 

moon's  centre  is  on  the  meridian,  while  when  the  moon  was  on  the  meridian. 


*  To  demonstrate  the  formula  of  SlmonoflT  for  clearing  the  dintanee,  we  miut  recur  to  the  fi^re  In 
page  33.    CalUof  the  angle  at  Z.  fi,  we  have,  by  the  fundamental  equation  of  spherical  trigonometry, 

COS.  A  s  •to.  H  .  sin.  W  +  COS.  H  .  cos.  H' .  cos.  i 
COS.  C^f^s.  sin.  A  .  sin.  A'  -)"  <^<>*«  ^  >  cos.  h^  .  cos.  fi 
.*.  COS.  k  ,  cos.  A/  .  cofl.  A  =  COS.  H  .  cos.  W  .  cos.  A'  +  sin.  H  .  tin.  B' .  cos.  A  •  cos.  A' 

—  COS.  U  .  COS.  H'  .  sin.  A  .  sin.  V 
=  COS.  H  .  COS.  H'  .  COS.  A' 

+  J  {  sin.  (H  +  A)  +  sin.  (R  -  A)  }  {sin. CH'  +  A')  +  ««.  (H'-  A')} 

-  J  {  sin.  (H  -H  A)  -  sin.  (H  -  *)  }  { s!n.  (11/ + A')  —  tin.  (H'  -  V) } 
=  COS.  H  .  COS.  H'  COS.  A' 

-f  J  .  sin.  (H  +  A)  sin.  (H'  -  A/) 

+  If  .  sla.  (H'+AO  Bin.  (H  -  A) 
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for  the  sidereal  tine  of  transit  is  the  dif-  or  the  limb,  which  in  both  eases  is  ecjui- 
fcrence  in  time  between  the  transits  of  distant  from  it.  If  the  two  places  which 
the  moon  and  the  first  point  of  Aries,  are  compared  are  not  too  far  distant  from 
or,  in  other  words,  it  is  the  right  aseen-  each  other,  the  variation  of  the  semi-dia* 
sion  of  the  moon ;  consequently,  did  the  meter  in  the.  interval  will  be  insensible, 
right  ascension  remain  invariable,  the  two  But  if  this  be  not  the  case,  it  is  necessary 
sidereal  times  of  which  we  have  spoken  to  correct  the  diflference  of  the  intervals  of 
would  be  the  same.  But  the  moons  transit  as  follows.  The  increase  of  semi- 
right  ascension  is  constantly  increasing ;  diameter  of  the  moon  arising  from  its  alti- 
if  we  suppose  the  second  observer  to  be  tude  above  the  horizon  does  not  alter  the 
west  of  Greenwich,  in  the  interval  be-  time  employed  by  its  semi-diameter  in 
tween  the  moon  being  on  the  meridian  passing  the  meridian.  At  the  two  instants 
of  Greenwich,  and  on  his  meridian  she  of  observation  let  r  and  r'  be  the  horizon- 
Will  have  increased  her  right  ascension,  tal  semi- diameters;  J  and  V  the  moon's 
and,  consequently,  the  sidereal  time  of  declinations  of  the  moon's  centre  at  the 

transit,  which  is  equivalent  to  it:  and  if  ^*a^««.:,  .  ♦>,«„       ^ ^ 

we  suppose  the  motion  in  right  ascen-  "™«s  ^^  ^^^^^^ '  ^^^^  1  s.cos.  I  1 5.  cos.  V 

sion  uniform,  the  difference  of  the  si-  ^in   be    respectively  the  distances  in 

dereal  times  of  transit  will  be  proper-  right  ascension  of  the  moon's  centre 

tional  to  the  difference  of  meridians.  from  the  meridian,  when  the  limb  is  on 

Nothing  can  be  simpler  in  principle  the  meridian  ;  the  difference  of  these  two 

than  this  method,  but  it  reqidres,  in  quantities  is  the  correction  to  be  applied 

practice,   several  precautions.    In  the  to  the  longitude  previously  obtained.  It 

first  place,  should  there  be  any  error  in  is  to  be  added,  when  the  western  limb 

the  }>osition  of  the  transit  instrument,  has  been  observed,  and  subtracted  if  the 

pr  in  the  rate  of  the  dock,  the  whole  of  eastern.    We  have  supposed  the  accen- 

these  errors  will  fall  upon  the  longitude,  tuated  letters  to  refer  to  the  eastern  sta- 

This  is  eluded  by  both  observers  ob-  tion.  As  one  of  the  meridians  is  supposed 

serving  the  transit  of  a  star  of  veiy  known,  there  vrill  be  no  difficulty  m  cal- 

nearly  the  same  declination  as  the  moon,  culatingfor  that  r  and  cos.  2:  but  for 

and  not  differing  much  from  it  in  right  the  other,  we  must  take  an  approximate 

ascension,  and  then  each  noting  the  value  of  the  longitude  which  does  not 

difference  in  sidereal  time  between  the  require  to  be  known  accurately  for  this 

two  transits.    This  difference,  from  the  purpose. 

moon's  motion  in  right  ascension,  will  When  the  meridians  are  not  above 
not  be  the  same  under  the  different  me-  one  or  two  hours  distant,  we  might 
ridians ;  the  variation  in  it  wUl  give  the  (except  where  very  great  accuracy  is  re- 
longitude  as  before.  The  advantage  we  quired)  neglect  the  above  correction,  as 
have  gained  is,  that  we  are  dependent  weU  as  that  we  arejustgoing  to  explain ; 
upon  the  clock  only  for  the  very  short  it  is,  however,  already  allowed  for  in  the 
interval  of  time  between  the  two  transits  column  in  the  page  of  moon-culminatinic 
of  the  star  and  moon  :  and  as  the  former  stars  in  the  Nautk^  Almanac,  which 
has  very  nearly  the  same  dechnation  gives  us  the  variation  of  right  ascension 
with  the  latter,  it  is  seen  in  the  field  of  corresponding  to  one  hour  difference  of 
view  without  altering  the  position  of  the  longitude:  having  ascertained,  then* the 
telescope:  we  are  thus  rendered  inde-  variation  of  right  ascension  in  our  par- 
pendent  of  any  error  in  the  position  of  ticular  case,  we  may  conclude  by  a  sim- 
the  transit  instrument,  as  this  will  affect  p]e  proportion  our  difference  of  longitude, 
both  star  and  moon  equally.  The  stars  But  if  great  accuracy  be  required*  then 
which  may  be  thus  observed  are  called,  take  the  variation  in  right  ascension  cor- 
in  the  Nautical  Almanac,  moon-culmi-  responding  to  the  middle  of  the  times 
Dating  stars,  and  their  apparent  places  between  the  observations,  which  may  lie 
are  given  in  that  Ephemeris  for  every  obtained  by  interpolation  between  the 
day  of  the  year,  except  the  four  days  numbers  in  the  Nautical  Almanac, 
preceding  and  following  new  moon.  We  have  hitherto  supposed  that  cor- 

We  have  hithertorensoned  with  regard  responding  observations  are  actually 
to  the  centre  of  the  moon ;  now  pracli-  niade  on  the  two  meridians,  but  this  is 
cally  this  cannot  be  oliserved — ^what  is  not  necessary,  though  more  exact.  If 
done,  in  reality,  is  to  observe  the  transit  ^ve  have  at  a  given  station  observed  the 
of  the  bright  limb.  If  the  moon's  semi*  interval  of  transits  l)etween  a  moon-cul- 
diameter  be  supposed  constant  during  minating  star  and  the  moon's  limb,  we 
the  interval  of  the  observations,  it  is  un-  may  compare  it  with  the  calculated  in- 
important  whethtr  we  observe  the  centre  terv^  that  takes  place  ai  Greenwicl^ 
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vrbich  may  be  deduced  from  the  Nautical  let «  —  «'  be  the  difference  of  right  as^* 

Almanac.  censions ;  convert  this  into  solar  time* 

To  illustrate  more  fully  this  method,  and  do  the  same  for  A ;  it  is  evident 

let  us  suppose,  that  the  apparent  times  that  «  -  «'  thus  expressed  ought  to  be 

of  the  moon's  culmination  (as  determined  equal  to  A  similarly  expressed.    But 

by  previous  calculation  approximately,  this  will  generally  not  be  the  case ;  as 

to  the  nearest  minute)  for  the  two  meri->  in  order  to  calculate  H,  we  have  em- 

dians  are  M  and  M^ ;  then  compute  for  ployed    the    difference    of   longitudes 

these  times,  r,  3,  r',  ^;  and  let  <and  ^  deduced  on  the  supposition,  that   the 

represent  the  difference  (in  sidereal  time)  moon  s  motion  was  uniform.  The  whole 

between  the  transit  of  the  moon's  limb  error  of  the  result  is  ( A)  —  (•  -  «') ;  it 

and  star  at  the  places  of  observation,  being  understood  that  these  quantities 

We  shaK  suppose  throughout  the  accen-  are  now  expressed  in  true  solar  time, 

tuated  letters  to  refer  to  the  eastern  ob-  Let  x  be  the  error  on  the  moon*s  mo- 

servatory.    The  observed  difference  of  tion ;  find,  from  the  Nautical  Almanac, 

the  right  ascension  of  the  moon's  centre  the  moon's  motion  in  24  hours  of  true 

for  the  time  elapsed  between  the  two  solar  time  and  expressed  in  time,  and 

.         ^.                   ,^     ^,,  ,        r  call  it  m;  let « be  the  length  of  the  true 

observations  ==  A  *«-<0±j5^jj;^  solar  day;  then 

^     f'      .     ...  .,  a? :  A  -(•-•')::«:  OT 

±- r.  m  which  expression  the  . 

-^  16  COS.  y                      *^  /.  a?  =  I A  -  (•  -  «')}  ~ 

signs  are  to  be  used,  according  to  the  ^                      '  m 

ride  above  given.  then  x  is  the  correction,  which,  added  to 

A  measures  the  increase  of  right  as-  L,  the  presumed  difference  of  long^- 

oension:  if  the  moon's  motion  were  uni-  tudes,  will  give  us  the  true  difference, 

form,  it  would  be  proportional  to  the  The  operations  will  be  better  under** 

difference  of  longitudes,  but  this  is  not  stood  by  an  example.  On  December  5th, 

the  case.    In  order  to  proceed  with  ac-  1824,  Lieutenant  Forster  observed  the 

curacy,  it  is  necessary  to  find  the  true  differences  in  the  culmination  of  the 

solar  Greenwich  times  of  the  culmina-  moon,  and  the  two  stars  62  and  95  Tauri 

tions,  which  we  shall  call  H  and  H' ;  at  Port  Bowen ;  the  presumed  longitude 

and  then  to  calculate  from  the  Nautical  being  5**  55°"  40*  W.  from  Greenwich. 

Almanac  the  increase  of  right  ascension  These  differences,  in  sidereal  time,  were 

corresponding  to  the  interval  H  —  H' ;  as  follows : — 

Oreettwieh.  Port  Boireii. 

62  Tauri  «'  =  +  9»  45'  58  <  =  +  24"  63«  98 

95  .•.<=-  9    25  98  ^  =  +J  5    24    90 

The  mean  gives     f  s;  +  0     9  80  <  »  +  15    18  44 

Add  supposed  difference  of  longitudes  =  5^*  55  40 

Sum  =  6  10  48^ 

or  in  true  solar  time  (roughly)  =s  6^  10* 

Tins  then  is  the  approximate  value  of  the  time  elapsed  between  the  two  culmi- 
nations. 

By  the  Nautical  Almanac,  the  moon*s  first  limb  culminated  at  Greenwich  at 
11^34":  consequently  (adding  6^  10")  it  culminated  at  Port  Bowen  at  17^  44"»' 
of  Greenwich  time.  Calculating  by  the  Nautical  Almanac  the  declination  wA 
semi-diameter  of  the  moon  for  those  instants 

atll»'34"'  atl7'»44<: 

'     r'ss    «°15'42''  r  =    0  15' 44"  39 

V  =  23®  39'  20"  2  s  23  53  30 

:.  A  =  «  -  <0  +  -^f--^«--'--^V  l*"8-938 
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Calculate  now  fhe  m00B*a  right  aaeension  for  tfao  UtiM  W 

«   s  69     53     49    21 


WW 


ISM 
and 


»^  ==  66       6     29     93 
«  ^  »'  =    3    47     19     28 

A  (in  space)  =    3    47    14    07 


••.  A  -(•-•')  = 


9 


-  5     21 
24b  4m  22- 


Prom  the  Nautical  Almanac  —  =  j^o  49/  24/f 

/.  J?  =  -  5"  21  —  =  -  8'  44 

m 

and  the  correct  longitude  =  5**  55"  40*   -  8'  44 

=  5*»  55"  31»  56 


en. 


Longitude  deduced  from  the  Observa- 
tion of  the  Occultations  of  Fixed 
Stars  by  the  Moon. 

The  method  we  are  about  to  explain  is 
unfortunately  seldom  practicable  at  sea ; 
a  circumstance  the  more  to  be  lamented, 
because  it  is  the  most  exact  of  all  astro- 
nomical methods,  when  the  longitude  is 
found  by  a  single  observation.  It  is,  how- 
ever, eminently  useful  in  geography,  and 
maritime  surveying,  and  its  importance 
will  lead  us  to  explain  it  in  some  detail. 
The  only  disadvantage  which  attaches 
to  it  is  the  length  of  the  calculations  by 
which  the  long^itude  is  deduced. 

In  this  method,  the  observer  having 
ascertained,  by  previous  calculations, 
within  two  or  three  minutes,  the  time.at 
which  a  certain  fixed  star  will  disappear 
behind  the  moon's  disk,  or,  as  it  is  tech- 
nically called,  be  occulted  by  the  moon, 
places  himself  at  the  telescope,  and  waits 
carefully  for  the  instant  of  its  disappear- 
ance or  immersion ;  the  minute  and 
second  being  carefully  noted ;  the  ob- 
server also  endeavours  to  observe,  if  the 
circumstances  admit  of  it,  the  reappear- 
ance of  the  star,  or  its  emersion.  The 
longitude  may  be  found  from  either  of 
these  observations  singly,  but  it  is  desir- 
able to  observe  both,  if  possible.  Let 
us  suppose  now,  that  a  second  observer, 
under  a  known  meridian,  has  made  a 
similar  observation  of  the  immersion: 
if  the  moon  were  so  distant  as  to  have 
no  sensible  parallax,  the  physical  in- 
stant of  the  immersion  would  be  the 
same  for  both  observers,  and  the  occul* 
tation  would  then  be  an  instantaneous 
signal  simultaneously  observed  under 
two  difiPerent  meridians,  and  the  differ- 
ence of  the  time  counted  by  the  observer 
would  be  the  difference  of  longitudes. 
We  may  reason  in  the  same  way  with 


regard  to  the  emersion.  But,  in  con  ^ 
sequence  of  her  parallax,  the  moon  ap-* 
pears  at  the  same  instant  to  observers 
differently  placed,  to  occupy  different 
portions  of  the  heavens,  consequently 
the  physical  instant  of  immersion  or 
emersion  is  different  for  these  observers. 
We  cannot  then  use  an  occultation  as 
an  instantaneous  signal,  but  we  may 
make  it  available  for  our  purpose  l3y 
deducing  from  it  the  true  *  position  of 
the  moon  at  a  known  physical  instant* 
and  .the  corresponding  times  counted 
under  the  two  different  meridians.  It 
is  evident,  that  since  the  moon's  appa- 
rent semi-diameter  may  always  l)e  cal- 
culated, at  the  instant  of  occultation,  we 
know  exactly  the  distance  of  her  centre 
from  a  certam  fixed  star,  affected,  how- 
ever, by  parallax  and  refraction;  by 
proper  corrections  we  may  get  the  true 
distance,  and  the  method  becomes  simi- 
lar in  principle  to  the  method  of  lunar 
distances  already  explained. 

Before  entering  more  minutely  into 
the  nature  of  these  reductions,  we  shall 
show  how  the  instant  of  the  expected  oc- 
cultation may  t)e  determined  within  the 
limits  of  two  or  three  minutes.  We 
require  for  this  purpose  an  approximate 
knowledge  of  the  longitude,  but  this  is, 
in  fact,  what  we  always  have.  At  sea, 
it  is  given  by  the  log  and  compass ;  on 
land,  by  magnetic  bearings  and  the  dis- 
tance of  the  day's  marches,  (supposing 
the  country  perfectly  unknown ;)  or  it 
may  be  found  by  an  eclipse  of  one  of  the 
satellites  of  Jupiter,  by  a  lunar  dktanee^ 
or  other  methods  of  less  precision.    Let 

*  The  true  potition  of  the  moon  is  her  poeitlon 
09  sceo  from  the  centre  of  the  earth;  this  U  alwsya 
the  aame  at  the  aame  moment,  but  irlll  be  rec- 
koned differcDtly  according  to  the  diffcreoee  of 
meridian.  Thin  tiue  poaition  (concluded  from 
the  apparent)  auppUet  the  place  of  anlaatMitMiMai 
tignal. 
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ils call  ihe  apparent  rigrht  ascension  and 
declination  of  the  fixed  star  to  be  oc- 
culted A  and  D  ;  the  true  right  ascen- 
sion and  declination  of  the  moon  «  and 
il  her  apparent  ditto  «e',  and  ^j  the 
equatorial  parallax  n ;  horizontal  semi- 
diameter  ^;  apparent  semi-diameter  ^' ; 
fjL  the  sidereal  time ;  r  the  distance  of 
the  observer  from  the  earth's  centre ;  <p 
the  latitude  of  the  observer ;  <^  his  lati- 
tude corrected  for  the  ellipticity  of  the 
earth.  The  earth  being  supposed  a 
spheroid  of  revolution,  each  terrestrial 
meridian  is  an  ellipse,  and,  consequently, 
a  normal  to  the  surface  at  a  given  point 
of  the  meridian  does  not  generally  pass 
throui^h  the  centre;  the  line  drawn 
from  the  observer  to  his  zenith  makes 
an  angle  with  the  prolongation  of  the 
radius  of  the  earth  at  that  point,  which 
is  called  the  angle  of  the  vertical.  Let 
APBDbea 


p.  where  p  s=  the  ratio  of  the  difference 
of  the  two  axes  to  the  axis  major ;  and 
f  the  observed  latitude,  then  tan.  #=>/>. 
sin.  2  (p. 

It  is  also  to  be  observed,  that  the  ho- 
rizontal parallax  *  is  not  the  eauatorial 
horizontal  parallax,  which  we  shall  call 
n,  but  that  which  corresponds  to  the 
latitude  of  the  observer.  For  the  earth 
being  a  spheroid,  the  horizontal  paral- 
lax under  different  latitudes  will  be  dif- 
ferent. Let  M  be  the  distance  from  the 
centre  of  the  earth  to  the  centre  of  the 
moon:  R  the  equatorial  radius  of  the 
earth;  then 


M 

sin.  n  = 

R,M8in 

.  r  =r 

sin. 

n        R 

. 

^•"  sin. 

«•          r 

> 

or  since 

n  and  *  are  small 

angles. 

n 

R 

meridian,  O,  the  place  of  the  observer; 
O  Z,  a  normal  to  the  ellipse  at  O; 
C  O  V,  a  line  from  the  centre  C  to  the 
observer  at  O  prolonged:  then  V  O  Z 
is  the  angle  of  the  vertical  Prolong 
O  Z  till  it  meets  the  axis  in  N ;  the  ol> 
served  latitude  is  Z  N  A,  while  the  re- 
duced latitude  will  be  V  C  A;  their 
difference  is  the  angle  V  O  Z ;  from  the 
observed  latitude  <p.  then,  we  must  sub- 
tract the  angle  of  the  vertical  to  get  the 
geocentric  or  reduced  latitude  (p'.  Now 
by  the  theory  of  the  ellipse,  calling  the 
angle  of  the  vertical  ^  the  compression 


But  by  the  theory  of  the  ellipse"; 

f=R(l-p.sin."^  +  |.p.»sin.«2^  ...) 

.•.  «•  =  n  (1  -  p.  sin."  <p.    )  * 

the  first  two  terms  of  this  series  are 
g:enerally  sufficient.  The  equatorial  ho- 
rizontal parallax  is  given  by  the  lunar 
tables ;  when  it  is  known,  we  conclude 
from  it  the  horizontal  parallax  corre- 
sponding to  the  latitude  of  the  observer 
by  means  of  the  above  series.  If  we 
take  p  =  ^,  which  is  the  value  most 
usually  assumed,  then, 

log.  p.  =  3.5157002. 

Let  2  be  the  angular  distance  of  the 
star,  and  the  centre  of  the  moon, 
measured  on  a  great  circle ;  the  angle 
made  by  this  great  circle  with  the  circle 
of  declination  passing  through  the  star, 
P ;  reckoning  from  0  to  360®  through  P, 
so  that  P  is  between  0  and  180®  if 
«'<  A,  and  between  180®  and  360®  if 
«'  >  A,  then 


sin  2 ,  sin.  P  =  -  cos.  V  .  sin.  («'  —  A), 

sin.  2  .'cos.P  =  sin.  V  .  cos.  D  —  cos.  V  .  sin.  D  .  cos.  (J  -  A). 

Bat  the  formulae  which  give  the  apparent  place  of  the  moon  in  terms  of  the  true,* 
afibrd  us 

A '.  cos.  V  .  sin.  «'  =  cos.  J  .  sin.  «  -  r  .  cos.  ^  .  sin.  «• .  sin.  fi, 

A    •  cos.  y  .  cos.  a.*  =  COS.  ^  .  COS.  m  —  T  .  COS.  ^  .  sln.  IT  .  COS.  f^ 

where  A  is  the  distance  of  the  moon's  centre  from  the  place  of  observation.   Sub- 
stituting this  above,  we  have 


•  Theie  ut  known  In  Mtronomy  u  the  fopDwi^  of  Ql^en »  tbe  dcinonftwUpo  o(  U)«m  wlU  U«  glmi 
Ipasnbffe^aentpaftQf  this  wo^If.  '  ^    ^      -,    ,,   m».  ttt. 
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A  •  sin.  3 .  sin.  P  K  —  eos. ) .  sin.  (•  -  A)  +  r .  cos.  f'.  sin.  «> .  sin.  (/« "  A), 
A « sin.  z  .  COS,  P  =  sia  3  .  cos.  D  —  cos.  3  .  sin.  D.  cos.  («  -  A)» 

—  r  .  sin.  r  |sin.  ^' .  cos.  D  —  cos.  f' .  sin.  D  .  cos.  f^  -  A)} . 

At  the  instant  of  immersion  and  emersion  3  s  ^',  snd  A  sin.  ^  k  sin.  ^ ;  also 
A .  sin.  2  s  sin.  f ;  whence  A  is  eliminated,  and  we  have 

sin.  ^  .  sin.  P  =  -  cos.  3  .  sin.  («  —  A)  +  r .  cos.  f' .  sin.  r  .  sin.  0* — A), 
sin.  ^  .  cos.  P  =s  sin.  I .  cos.  D  —  cos.  3  .  sin.  D  .  cos.  («  —  A), 

—  r  .  sin.  ft .  |sin.  f'.  tos.  D  —  cos.  f'.  sin.  D  .  cos.  0*  —  A)  I 

Put  now  sin.  e  =  ^  •  si"*  «"» (A  is  a  constant  given  in  the  lunar  tables,)  and  divide 
out  by  sin.  *,  then 

,  „  cos.  2 .  sin.  («  -  A)   .  ^    •     ,       .V 

ib .  sm.  P  = : — i +  r  ,  cos.  f.  sm.  (^t— A) 

sin.  «- 

,  -.       sin  )  .  C0S.D  —  cos.  )  .  sin.  D  .  cos.  (•— A) 

*  .  cos.  P  =    - — — s - 

sm.  ir 

"  r  .  sin.  ^.  cos.  D  —  cos.  3  .  sin.  D  . cos.  (/k  —  A) ; 

squaring  each  equation,  and  then  adding  them  together, 

f  cos.  I .  sin.  («  —  A  .    , 

A*  =  \ : —  r  .  COS.  <p'.  sm.  0*  —  A)}« 

I  sin.  «■  r  \n  ^j 

sin.  )  .  COS.  D  —  COS.  )  .  sin.  D  .  cos.  («  —  A) 


M- 


Sin.  ir 

—  r  [ sin.  <f'.  cos.  D  —  cos.  (f^ sin. D .  cos.  (j»  —  A)]}«. 

These  equations  are  rigorous,  but  when  our  object  is  merely  to  approximate  to  the 
time  of  occult ation,  we  may  put 

COS.  I  .  sin.  (•  —  A)         «  —  A 

=s   COS.  J, 


and 


sm.  9'  «• 

sin.  }  .  sin.  D  —  cos. )  .  sin.  D.  cos.  («  —  A)        )  ~  D 


sm.  «•  ir 

Suppose  also  r  .  cos.  ^.  sin.  (/»  —  A)  .  .  •  .   =  «, 

r .  sin.  f  .  cos.  D  —  r  .  cos.  <ff .  sin.  D  .  cos.  (/« —  A)  =  r. 

Let  us  suppose  now  tt,  ),  «•  and  /h  calculated  for  a  certain  time  T,  w^nich 
lies  so  near  the  time  (T  +  <)  of  the  immersion  or  emersion  that  we  are  inves* 
tigating,  that  the  terms  on  the  right  hand  side  of  the  equation  may  be  expanded  in 
rapidly  converging  series  according  to  the  powers  of  t.    Then  for  the  timeT  +  < 

p  becomes  p  -^  p'  t 
q      »      y  +  7'  * 

u        „       tt  +  m'  / 
V        „        t;  +  t/  < 

A    M, 

Here  //  evidently  = .  cor. ) 

where  A  •  and  A  ^  are  the  horary  variations  of  the  moon*8  right  ascension  and 
declination  respectively.  * 

In  the  expressions  for  «'  and  t/,  neglect  <,  then 

u  =  r •  cos.  f'  .sin.  0*1  —  A) 

»  =s  r.  sin.  (p'.cos.D  -  r.cos.  f'.sin. D.cos.(At'  —  A) 

«'=  r .  cos.  ^ .  X.  COS.  (ftf  —  A) 

t/ =  r .  COS.  9^.  X •  sin.  0*' —  A)* sin.  D 

^hich  we  may  put  in  this  form : 

«  s  a  n'  =  6.x 
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where  x  is  &  Iknown  constant,  ci  s  r.  cos.  f'.  sin.  (/  -^  A) 

,b  —  r.  COS.  (p'.cos-O*'  -  A) 
c  =  r.  sin.  (p'.cos.  D- 
The  values  of  p,  q,j/,  and  g'  being  known,  our  equation  becomes 

*«  =  {p  -  M  +  (^  -  «')  t}^+  {q  -v  +  (^  ^  t/)t  }t 

In  this  equation  <  is  the  unknown  quantity,  which  being:  added  to  T  will  give  us 
the  time  of  immersion  or  emersion.    To  solve  the  equation  conveniently,  let  us  put 

JO  -  »  =  m.  sin.  M  p'  ~  u'  =  n.  sin.  N 

g  -  t;  =  m.  COS.  M  q'  -^  V*  :si  n.  cos.  N 

/.  A«  =  wi".  sin.«  (M  -  N)  +  {m.  cos.  (M  -  N)  +  n  <J* 

vt 
Let  us  put  now  —  .  sin.  (M  —  N)  =  cos.  ■v^' 

m  k 

.'.<  =  -—.  cos.  (M  -  N)T  —  .  sin.  n|» 
n  n 

The  upper  sign  is  to  be  taken  for  the  /i  _  ^i^   -:„-'■ 

immersion,  the  lower  for  the  emersion,  r.  sin.  ip'  =   ■  ,                     ^ 

provided  we  have  taken  ^<  180**,  which  Vl  —  ^.  sin.*  <p 

can  always  be  done.  ,          .     , 

^  where  e  is  the  excentricity  of  the  terres^ 

If        -v- .  sin.  (M  -  N)  >  1,  trial  meridian. 

K 

then  there  is  no  occultation,  the  !noon  ^^  ^^  9^  importance,  and  more  particu- 
passes  by  the  star  without  covering  it.  larly  with  regard  to  the  emersion,  to  be 
It  is  better,  however,  to  try  repeated  ap-  apprised  beforehand  of  the  part  of  the 
proximations  before  we  decide  whether  moon's  disk  where  the  star  may  be  ex- 
cos.  -^  really  is  greater  than  unity,  as  pected  to  disappear  or  reappear.  If  we 
this  result  may  arise  from  the  neglect  of  <^o  not  know  in  observing  an  emersion 
certain  quantities  in  establishing  our  to  what  part  of  the  hmb  we  ous;ht  to 
formula.  It  is  perhaps  more  convenient,  ^^f^ct  our  attention,  we  are  exposed  to 
instead  of  calculating  ^  from  (p,  to  cal-  "^i^s  the  observation  altogether.  The 
culate  at  once  cos.  <p  formula  m  page  233  may  be  put  in  this 
r,  cos.  ^  =  /  =-  form 
V  1  —  g«.  sin.  <p 

A.  sin.  P  =  -  m.  sin.  M  »  n.  sin.  N.  t 
k.  COS.P  =   -  m.cos. M  +  ».  cos.N,^ 
or  substituting  for  t  its  value 

A.  sin.  P  =  —  m.  sin.  (M  —  N)  cos.  N  ±  A.  sin.  N.  sin.  ^^ 
*.  COS.  P  =s  —  m.  sin.  (M  -  N).  sin.  N  q:  A.  cos.  N.  sin.  ^ 

and  since  it  may  be  observed,  is  hardly  necessary 

w.  sin.  (M  -  N)  =  A.  COS.  ^  except  for  an  emersion:  in  this  case  tlic 

■D                  ^KT   I    .X  lower  sign  is  to  be  taken. 

sin.  P  =  -  cos.  (N  ±  ^)  Let  us  take  the  example  given  by 

COS.  P  =  -  sin.  (N  ±  ^)  Bessel,  who  first  proposed  this  method, 

•     P  =  270°  -N  T  ^^  of  the  occultation  of  the  star  82   Leonis 

"^  on  the  5th  April,  1830.  It  is  to  be  re- 
If  we  wish  to  reckon  the  place  by  marked,  that  in  our  expressions,  one 
means  of  the  angle  included  between  the  hour  is  taken  for  the  unit  of  time :  con- 
two  great  circles  drawn  from  the  centre  sequently  t  expresses  a  fraction  of  an 
of  the  moon  to  the  star  and  the  north  hour.  The  occultation  is  reckoned  for 
pole  respectively,  reckoned  from  the  the  meridian  of  Berlin ;  throughout  the 
north  to  the  left  hand  all  round,  then  reckoning,  only  minutes  and  tenths  of 
this  angle  Q  very  nearly  =  180°  -  F  =  minutes  are  taken  into  account.  It  is 
N  ±  ^^  -  90^.    The  calculation  of  Q,  fo^nd  that 
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T  s  7\         y  »  llgo  32'        /  -  A  =.•  -  «••  4»'         V«i  64'  IB 
«  =  168®  37' 9  J=4«44'0  A  •  «  28'5 

A  =  169    14    1  D  =  4    14  1 

^•A=-36'2  J-D=  +  29  9  A^«-9*l 

|i   =  -  0-6656  tt   =  -  0-4717  log.  m.  sin,  M  «  9-2876  - 

g  =  +  0-5523  »  t*  +  0-7591  log.  m.  cos.  M  =  9*3156  — 

p'  =  +  0-5242  ti'  =  +  0-1014  log.n.  sin.  N  =  9' 6261 

9'=  -  0-1683  r/  ^  ^  0-0092  log.n,  cos.  N  =  9-1892  - 

M  =  223®  9'         log.  m  =s  9*4525  N  =  110*^  5'        lOfiT.  n  =  9'6533 

*log.^  =  0-0171  log.  -  —  =  9-7992  -  log. —  =  9-7821 

log,  sin.  (M - N)  =  9 '  9638   log,  cos,  (M-N)  =  9  - 5931  —   log,  sin.  >^  =  9 '4626 

mm      ffl  )l 

^  =  16-52'  •cos.(M-N)  =  0-247q: •sin.^=X0176 

:.  t  =  0-247  q:  0-176  =  0-071  or  0-423 
/.  for  the  immersion  T  +  /  =  7''  ■+■  0-071  =  7»»-4»»    Q  «  37** 
for  the  emersion    T  +  /  =  7»»  +  0*428  =  7'*'25"  Q  =    3° 

The  Berlin  Ephemeris  gives  for  every  of  apparent  conjunction  we  calculate  the 
expected  occultation  the  quantities  p,  g,  time  of  the  true  conjunction.  If  the 
p'  and  q'  as  also  the  angle  ^'  —  A :  the  occultation  has  been  observed  undei*  a 
four  first  quantities  remain  the  same  for  second  meridian,  we  find  in  the  same 
any  other  meridian ;  the  last  is  to  be  way  the  instant  of  true  conjunction  at 
increased  by  the  longitude  counted  from  the  second  place :  now  the  physical  in- 
Berhn  when  to  the  east  of  that  place,  *  slant  of  this  is  the  same  for  both  places; 
and  to  he  diminished  by  tiiat  longitude  the  difference  of  the  times  found  for  it 
when  to  the  west;  supposing  that  we  is  the  difference  of  meridians,  that  is  of 
make  use  of  the  Berlin  Ephemeris.  In  longitudes.  If  the  occultation  has  not 
the  Nautical  Almanac  p,  q,  p*  and  q*  been  observed  under  a  second  meridian, 
are  not  given,  but  they  may  be  very  we  must  calculate  the  time  of  true  con- 
easily  calculated,  as  in  that  work  the  junction  for  Greenwich,  and  compare 
moon's  right  ascension  and  declination  this  time  with  that  deduced  from  the 
are  given  for  every  hour.  In  both  of  observation ;  the  difference  will  be  the 
these  works  nearly  all  the  occultations  longitude  from  Greenwich  counted  in 
worth  observing  which  occur  throughout  time.  It  may  be  as  well  to  remind  the 
the  year  are  indicated ;  and  a  short  cal-  reader  that  the  moon  is  said  to  be  in 
culation  by  the  method  above  explained  conjunction  with  a  star,  when  she  has 
will  show  us  whether  the  occultation  either  the  same  longitude  or  the  same 
takes  place  at  all  at  the  spot  where  we  right  ascension  as  the  star.  In  the  cal- 
happen  to  be,  and  if  it  does,  the  times  of  culation  of  occultations  it  is  the  con« 
immersion  and  emersion,  and  the  angles  junction  in  right  ascension  which  we 
from  the  north  point.  shall  consider.    The  true  conjunction  is 

Having  now  shown  how  the  approxi-  the  conjunction  as  seen  from  the  centre 
mate  time  of  the  occultation,  and  the  of  the  earth;  it  differs  from  the  appa- 
place  of  the  disk  where  it  is  to  take  place,  rent  conjunction  by  the  effects  of  the  pa^ 
may  be  predicted,  (which  are  necessary  rallax  in  right  ascension, 
preparations  for  the  observation,)  we  will  Let  P  be  the  pole  of  the  equator,  M 
now  consider  the  converse  problem ;  and  the  centre  of  the  moon,  S  the  star  at  the 
supposing  the  occultation  to  have  been  instant  of  occultation :  S  M  will  be  the 
observed,  show  how  to  deduce  from  it  moon*s  apparent  semidiameter ;  call  it 
the  longitude  of  the  observer.  The  prin-  A' :  let  S  Q  be  a  parallel  of  declination 
ciple  of  the  method  is,  as  has  been  before  passing  through  S,  A  B  the  arc  of  the 
explained,  to  determine  from  the  ob*  equator  intercepted  between  the  hour 
served  instant  of  immersion  or  emersion  circles  P  S  and  F  M  prolonged ;  then 
the  instant  of  the  apparent  conjunction  M  Q  =  the  apparent  difference  of  de- 
of  the  moon  and  star.  From  the  time  g  q 
^ —  clination8=  > ;  — — r-^  =  apparent  dif- 

•Los.fts  9-4353065. 
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ferenoe.of  right-  ascensions;  call  it  «« 
Now  the  triangle  S  M  Q  being  neceisa- 


<  =t 


3600" 

m 

3600* 

m 


(•±©) 


v'hcn  'rn\s  the  arc  described  by  the 
moon  in  one  hour,  or  3600'. 

Let  T  be  the  observed  instant  of  im- 
mersion or  emersion,  then  T  ±  ^  will  be 
the  moment  of  the  true  conjunction, 
takincf,  as  before,  the  superior  sign  for 
the  immersion* 

It  is  necessary  to  know  how  to  calcu- 
late the  parallaxes  in  right  ascension 
and  declination. 


rily  very  small,  we  may  solve  it  as  a 
plane  triangle,  for  S  M,  the  greatest  side, 
cannot  exceed  between  16  and  17  mi- 
nutes.   Consequently 

.     .  _  (AHjHA^Jil) 
COS.  a 
putting  (f  :=  AS. 

Let  now  )  and  >'be  the  true  and 
apparent  right  ascensions  of  the  moon, 
^  the  right  ascension  of  the  star,  cr  the 
moon's  parallax  in  right  ascension. 

Now  D    =   )>  '    -   BJ 

and  at  the  immersion  «  =  ^  —  ^ ' 

.•.  ^  -  J  =  «+© 
for  the  emersion  D  >  :^,  and 

)   —  ^   =  c   -  CT. 

Generally  we  have  for  the  difference 
of  the  true  right  ascensions,  calling  it  c, 

taking  the  superior  sign  for  the  immer- 
sion. 

We  have  now  only  to  find  the  time 
taken  by  the  moon  to  describe  the  arc  c, 
to  get  the  time  from  the  true  conjunc- 
tion. Knowing  the  moon's  horary  mo- 
tion, we  find,  by  a  simple  proportion,  the 
time  she  takes  to  describe  the  arc  c ; 
<»U  this  time  /.    Then 


In  the  figure  let  us  suppose  S  to  be 
the  place  of  the  star  as  seen  from  the 
centre  of  the  earth,  S'its  apparent  place, 
that  is  the  true  place  depressed  by  pa- 
rallax, Z  the  zenith,  P  the  pole  of  the 
equator ;  then  Z  S  S'  will  be  in  a  verti- 
cal plane ;  S  S'  will  be  the  parallax  in 
altitude ;  the  angle  S  P  S'  will  be  the 
parallax  in  right  ascension,  or  cr;  the 
difference  between  PS  and  PS'  will  be 
the  parallax  in  declination,  or  *.  When 
we  know  «•,  we  must  add  it  to  the 
moon's  true  declination  calculated  for 
the  moment  T,  to  get  her  apparent  de- 
clination :  from  this  we  must  subtract 
the  star's  declination  to  get  ). 

Let  us  call  the  true  zenith  distance  ^, 
the  true  declination  D,  the  true  right  as- 
cension AR ;  the  corresponding  apparent 
quantities  ?;',  D*,  and  AR'.  From  the 
spherical  triangle  S  PS',  we  have 


sin.  SS'P 
sin.  PS 


sin.  SPS' 
sin.  S  S' 


and  from  the  triangle  Z  P  S' 

sin.  Z P S'    ^    sin.  SS'P 
sin.  Z  S'  sin.  P  Z 

multiplying  these  two  equations  together,  we  have 

BJn.ZPS' sin.  SPS' 

sin,  P  S  ,  sin.  Z  85'  "^  sm,  S,S' ,  sin.^Pg 
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or  calling  the  hoar  angle  Z.P  S.  A ;  the  geographicil  latitude  f ;  and  the  parallax 
in  altitudes; 


sin.  (A  -I-  ID)  sin.  cy 


COS.  D  .  sin.  ^         sin.  p  .  cos.  <p» 
But  if  n  be  the  horizontal  parallax,  then 
sin.  p  ==•  sin.  n  .  sin.  ^^ 
»      sin.  (A  +  or)     __  sin.  csr 

cos.  D  .  sin.  ^'       sin.  n  .  sin.  V  .  cos.  f 
sin.  (A  +  cj)   _         sin.  cj 


.  * 


(1) 


cos.  D  sin.  n  .  cos.  ^ 

sin.  n  .  COS.  ^  (sin.  h  +  cos.  h  .  tan.  m)  =  tan.  o  .  cos.  D, 
.%  tan.w  =         sin,  n  .  cos.  ^  .  sin.  A 

cos.  D  —  sin.  n  cos.  <p  .  cos.  A*  j 

Assume  cos.  ^  =  sin,  n  .  cos.  <p  .  cos.  A 

-  -  '  COS.  D 

.   .  sin.  17 .  COS.  ^ .  sin.  A 

• .  tan.  C9  as --— ^ 

COS.  D(l  —COS.  >/') 

_  sin.  II  .  COS.  <p  .  sin.  A 

2C0S.D  .sin.'_ 

.        21 

a  formula  adapted  to  logarithmic  computation,  and  from  which  the  arc  tsr  may  be 
found. 

When  it  happens  that  the  moon*s  declination  is  not  very  great  at  the  time  of  an 
occultation,  it  may  be  more  convenient  to  calculate  C7  by  a  series. 

Put  q  =  »'"-  n  .  cos,  (p 
COS.  D 

then  tan.©=     ^•'^"'^-, 

1  —  9  COS.  A 

=  9  .  sin.  A  {  1  +  9  .  COS.  A  -f  5*  .  cos.*  A  .  .  .  } 
Put  for  tan.  cr.  xst  sin.  1"  to  express  0  in  seconds,  and  we  obtain 
_  q  .  sin.  A        q*  .  sin.  2  A         9'.  sin.  3  A 
^  *"    sin.  1"    "^  TSn.  1"     "^    3  .  sin.  1'' 

q  Is  always  very  small,  since  it  has  for  factor  sin.  n  which  is  always  very  small ; 
consequently  our  series  is,  in  general,  sufficiently  convergent  to  enable  us  to  neglect 

the  third  term.  ^,  ,    . 

„  ^  ^      sin.  D  -  COS.  C- s»n.  <p        sin.IV-  co3.;\stn.  <p 
Again,  COS.  PZS  = ,i„.^.cos.^         ^  sin.  V  . cos.  <p 

.•.  sin.  f  (sin.  D  -  cos.  Z  .  sin.  <p)  =  sin.  C  (sin.  IV  -  cos.  f .  sin.  ?) 

sin.  C ,  sin.  D  -  sin.  <p  (sin.  C  .  cos.  {  -  cos.  C  sin.  0  =  sin.  ?  .  sin.  D' 

.%  sin.  P .  sin.  D  -  sin.  <p  .  sin.  (p  -  0  =  sin.  C .  sin.  D'. 

But  sin.  (S'  -  0  =  sin.  p  =  sin.  n  .  sin.  ^ 

/.  sin.  r  (sin.  D  -  sin.  <p .  sin.  n)  =  sin.  I .  sin.  D'. 

COS.  D  .  sin.  A        cos.  IV.  sin.  (A  +  o) 
But  wehave       sin.PZS  = ^^—^ =  ^jj^jr 

_,       sin.  ^  .  COS.  D  .  sin.  A 

.-.  sm. : .  COS.  jy  «  — .i„.(A4.«)     •     ■ " 

Dividing  the  equation  obtained  just  before  by  this  last,  we  have 

_,       sin.  D  -  sin.  n  .  sin.  <p     .   ,  .    , 

tan.  jy  -  fv    ;^  A •  »»°*.('»  +.^J' 

COS.  D  •  sm.  A 

This  equation  may  be  put  under  the  form. . 
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gin.  ^  .  sin.  n      .  ^       sin.  h  ,  <an.  IV 

COS.  D  sm.  (A  +  fsr) 
Now,  we  have 

sin.  D         sin.  D' 


tan.  D  -  tan.  D'  = 


COS.  D         COS.  D' 

sin.  D  .  COS.  D'  -  cos.  D  .  sin.  D' 


COS.  D  .  COS.  D' 

_    sin.  (D  -  DO     _  sin.  <r 

COS.  D  .  COS.  D'       COS.  D  .  cos,  D'' 

Adding  now  this  equation  to  the  preceding  one,  we  have 

sin.  (p  .  sin.  n       .       -^,  sin.  «•  sin.  h  .  Ian.  D' 

^ — — tan.  D'  =s -  —, 

cos.  D  cos.  D  .  cos.  D'  sin.  (h  +  zs) 

sin.  <L  .  sin.  n  -rwf  f  ,  «*"•  ^      1     •  sin.  «• 

— ^ir =  tan.  Ir  ^  1  —  -. --. }  -A =— 

cos.  D.  t  sm.  (A  +  cy)j     '    cos.  D . 

sin.  h  sin.  (A  +  cy)  -  sin.  h 

But  1 rr— r — -   =    : — n— ;— — 

sm.  {h  +  ex)  sm.  (A  +  xd) 


cos.  D' 


) 


2  sm.  -— - .  COS.  [hA 

*1 V     '    2 

*"  sin.  (A  +  ex) , 

[Multiplying  above  and  below  by  cos.  --^,  and  recollecting  [that  2  sin.  — 

COS.  —  =  sin.wj. 

sin.  ts  ,  COS.  (  A  +  -^  ) 


sin.  (A  +  CT)  .  COS.  — 

sin.  n  .  COS.  <p  ,  . 

■*.  COS.  I  A  + 


t9 

COS.  D  .  COS.  —- 
2 
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Consequently  substituting  above  this  quantity, 

. .  »\  ^ 

COS.  D  .  COS.  D^ 


sin.  <p  .  sin.  «•  ^,     sin.  ii .  cos.  a  / 1    .    ^  \     i  sin.  r 

fT —  =  tan.  D'. -f- .  COS.  I A  +  —  j  + 

COS.  D  ^  ^  \  2  / 


COS.  D.  COS.  — 


sin.  ^D' .  sin.  n  .  cos.  <p  .  cos.   (^  +  "^  ) 
A  sin.  at'  s=  sin.  ^ .  sin.  «• .  cos.  D' ^'- — ■ — 


cos.  Y 


cot.  ^ .  cos.  (a  +  — ^ 
Assunae  cot.  x  -  


cos.  ■—• 
2 


sin.  «r  =  sin.  ^  .  sin.  n  .  (cos.  D'.  -  sin.  D'  cot.  x) 

sin.  ;t; 


(COS.  D  .  sin.  X  ■—  »in.  ly .  cos.  v\ 
.\;rz -) 


sin.  ^  sin.  n       .  ^. 


»m,;c 
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Take  n  =  ""'  ^ ' ""'  " 

Sin.  a: 

sin.  «•  =  n  .  sin.  (;^  —  D  +  «-) 

=  n  .  sin.  (;t;  -  D)  .  cos.  «— (-  cos.  (%'—'D) .  sin.  r 
taa  w  =  n  .  sin.  (;^  -  D)  +  n  .  cos.  C;^;.-  D)  .  tan.  «• 
n  .  sin.  (x  —  D) 


tan.  r  =  -- 


1   —  n  .  COS.  (;t;  -  D) 

=  n.  sin.(A;  -D)  {1+n  .cos.  (a;  -  D)  +n«.cos.'  (a;  —  D)  . .  .} 

orrather  ,  =  "'  ^'"Z  ^V^>  +  '?145i?.:l^-DI  + 

sin.  1"  2  .  sin.  r' 

it  will  be  rarely  necessary  to  take  into  account  the  third  term. 

We  must  begin  then  by  calculating:  ^,  trie  latitude,  which  is  deduced  from  <p, 
or  the  parallax  in  right  ascension,  then  by  the  formula  given  above,  page  232. 
the  angle  x^  then  w,  and  hence  the  pa-  We  must  also  for  n,  which  is  the  equa- 
rallax  in  declination  «-.  This  applied  torial  horizontal  parallax,  substitute  n', 
with  its  proper  sign  to  the  true  declina-  the  horizontal  parallax  corresponding  to 
tion  as  aeduced  from  the  tables,  or  the  the  latitude  <p.  The  series  for  n'  in 
Nautical  Almanac,  gives  us  the  appa-  terms  of  n  has  been  already  given, 
rent  declination.  The  difference  between  We  have  ali-eady  shown  how  the  aug- 
this  and  the  declination  of  the  star  is  the  mentation  of  the  moon's  apparent  semi- 
quantity  3.  In  calculating  the  paral-  diameter  may  be  calculated  when  we 
laxes  of  the  sun  and  planets,  the  first  know  the  zenith  distance.  But  in  cal- 
terms  of  our  respective  series  for  the  culating  an  occultation  we  must  find  this 
effects  in  right  ascension  and  declination  augmentation  without  a  knowledge  of  ^ 
are  sufficient ;  and  it  is  not  necessary  to  or  i'.  In  the  triangle  S  P  S'  (figure,  p. 
take  into  account  the  spheroidal  figure  236)  bisect  the  angle  S  PS' by  the  arc 
of  the  earth.  But  in  calculating  these  S  M ;  and  draw  from  Z,  Z  N  perpendi- 
quantities  for  the  moon,  as  in  the  in-  cular  toPM,  and  intersecting  P  S  in  Q 
stance  of  an  occultation,  it  is  absolutely  and  P  M  in  K :  it  is  evident  that  Q  P  N  is 
necessary  to  allow  for  the  ellipticity  of  an  isosceles  triangle,  in  which  PQ=PN, 
the  terrestrial  meridians.  Now  this  is  and  the  angle  at  Q  =  the  angle  at  N. 
done  as  has  been  explained  in  a  previous  Now  the  triangles  P  Z  R.  P  Q  R  which 
part  of  the  work  bv  substituting  for  (p  have  both  a  right  angle  at  R,  give  us 
the  astronomical  latitude,  ^  the  geocen- 

tan.PR  =  Un.PZ.cos.ZPR  =  cot.,.cos.(A+f) 

,       ^^        tan.  PR.       tan.  PR 
tan.  P  Q  =  = 

cos.  Q  P  R      cos.  — 


2 


Assume  P  Q  =  90°  -  t 

cot.  <p.  COS.  (  A  +  -—•] 


cot.  f  = 


CJ 
COS.  — 

2 


Now  S  Q  =  PS  -  PQ  =  (90^  -  D)  -  (90°  -  .)  =  I  -  D 
S'N  «  PS' -  PN  =  .  -  D' =  .  -  D  4- ir. 

But  since  the  angle  at  Q  =  the  anele  at  N.  sin.  Z  Q  S  =  sin.  Z  N  S ;  and 
P  Z  S  is  the  same  for  the  two  triangles  Q  Z  S,  N  Z  S'. 

sin.  Z  S      sin.  Z  Q  S      sin.  Z  S' 

••  sin.  QS"*5in.QZs'^sin.S'N 

sin.  {  sin. 


sin.  (t-D)     ^iii.(i-D+*) 
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•••  A- 


A. 


ss  —  approximately  ] 
A 

gin.  (•  -  D  +  «•) 


sin.  (i  -  D) 

•*.  the  augmentation  of  the  apparent  semidiameter,  or  a'  —  A 

sin.  (i  -  D  4-  «•)  —  sin.  («  —  D) 


=  A.- 


2  sm 


sin.  (i  —  D) 
in.  Y".  COS.  (i  -D  +  4-) 


=  A. 


sin.  (i  -  D) 
=  A.  2  sin.  -^.  {cot.  (i-D).  cos.^  —  sin.  ~  j 


=  A.  sin  «•.  cot  (i  -  D)  —  sin.' — 

2 


The  last  term,  never  exceeding  a  quarter  of  a  second,  may  be  neglected,  and  sub- 
stituting for  sin.  *,  «•  sin.  1",  in  order  to  get  the  whole  expressed  in  seconds  as  A 
is  already,  then  finally 

a'  —  A  =  A .  «".  sin.  1''  cot.  (i  -  D) 
The  followinit  example  will  illustrate  the  use  of  the  formula  and  the  method 
above  given.    Let  us  suppose  that  the  immersion  of  Aldebaran  has  been  observed 
at  Paris  on  the  5th  of  October,  1830,  at  10^  21""  9''  meantime,  and  that  we  wish 
to  find  the  time  of  the  true  conjunction.    The  position  of  the  star  is 

^  =  62«»  32'  36"- 9  rf  =  +  15°  12*  39"' 0 

the  positive  sign  being  taken  when  the  declination  is  north. 
For  the  moon 


J  =        61°  43'  59" -26 
A=  -  72°  21'  31"- 3 
A  =  16'  24''-2 

n  =  60'  13"-3 


B=  +  15°  39'  27"- 23 

111=:  37'  13"- 73 

<p'=        48°  38'  27"-6 
n'=  60'    6" -62 


Hence  we  calculate,  by  the  series  above  given,  the  parallaxes  in  right  ascension 
and  declination,  and  we  find* 

or  =-  39'  26"- 36  «•  =  40'  31" "64 


*  The  deUila  of  tbe  calcalatlon  of  Ui«  porillaxe*  arc  as  followi:-* 
Parallax  la  Right  Ascension, 
log.  sin.  n'  =  8 •3496531 
log.  cos.  ^'  =  9  •8200530 

log.  COS.  D  =  9-9tte57/6 

log.  q  -  8  079 1  .{91  + 

log.  sin.  A   =»  9  9790804  - 

8U582095  - 
I 


log.ff  =  6-16896  -H 

log.  sin.  2*  =  9-7fil63  - 

d-i»i989  - 
1  _ 

log,  sin.  2"  =  5-01340  -}- 
0*93329  - 
Second  term  =  -  8/' -58 


log,  sin.  Vl=  5-.^144251  + 
3-3726346  - 
First  term  »  -  39/  18//*M 

.-.  Finally  C8  =  *  99*26//-30. 

Parallax  in  Declination. 
^         «      48®  38/  27//'6  log.  cot  ^ 


log.  98  =  4-937»  + 

log.  Bin.  8A     =  9-7809  -f 

4-0175  4- 


log.»lu.3'/    a  4-8373  4- 
8-8548  4- 
Thlrdterm  =  4"  ©""J. 


) 


9*9446549 
9-473611t 
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.*.  the  appftrent  right  ascension  and  declination  are  respectively 

)>'  =  61°  7'  32''-90  D'  =  14°  58'  55"-59 

and  the  apparent  semi-diaraeler  a'  =  16'  30" '9  *. 

Hence  rf  -  D'  =  3  =  13'  43"-41 

A'+^  =  30'  14'' -38  log.  30'  14" -38  =  3-2587163 

A'  -  3  =    2'  47'-51  log.    2'  47"- 51  =  2-2240407 

5-4827570 


.*.  log.  ^A(A'  +  h  (A'  -J)  =  2-7413785 

log.  COS.  d  =  9j_9845l24 

.•.  log.  «  =  2-7568C61 

/.  m  =  571"-30  =     9'  3l"-30 

w  =  36    26   '36 

/.  «-  CT  =   -  26    55   -06 

loe.  («  -  CJ)  =  2-20818^7  - 

log.  3600  =  3-5563025  + 

5-7644912  - 

]0Z.m  =  3-3490307  + 

log./  =  2-4154605  - 

/.  /  =  -260"  29  =  -  4~  20*  '29 

T=     10>»21       9      0 


time  of  true  conjunction  =T+/ =    10   16    48    7 

Let  us  suppose  now  that  the  immer-  iind  by  the  Nautical  Almanac  the  in- 

sion  has  also  been  observed  at  Green-  stant  of  Greenwich  time  at  which  the 

wich,  and  that  in  a  similar  way  the  in-  moon  has  the  same  right  ascension  as 

stant  of  true  conjunction  has  been  found  the  star ;  but  it  is  better,  when  it  can  be 

to  be   10**  26"*  7" '7:   then   Greenwich  done,  to  employ  the  conjunction  deduced 

will  be  9"  21'  to  the  west  of  Paris.     If  from  actual  observation,  as  thus  we  are 

the  immersion  or  emersion  has  not  been  independent  of  the  errors  of  the  lunar 

observed  at  Greenwich,  then  we  must  tables  in  right  ascension. 


a 

S    *  " 

75 
15 

19'  43'/19 

19    100 
39    27-2 

log. 
log. 

81//- 64. 

C3 

COS.          jj        =  9-9999929 

X            — 
I)            a 

cot.  X               s  9-4182631 

Now     log.  sin.  n' 
log.  aln.  ff 

59 

n  = 

•  • 

39    42-8 

=  8-2426531 
=:  9*8753993 

log.  sin.  X 

8-1180534 
E  9*9855833 

log.  n 

log.  sin.  (ji 

1 

=  8-1324671 
D)  =  9-9360409 

8  0GS3080 
=  5-3144353 

log  lit                     =  6*96493 
log.»ln.2(;r-D)  =  994045 

6-905J8 

1 

log.  ain.  1'/ 

log.  sin.  a/'              =  5  01340 

First  tern 

3*3829331 
-f-  40'   lfi'/*9 
flnallj  «*  s  40/ 

1-21H78 
Second  tenn  =  +  16"  "45 

•  log.  A  =  2*9930834 
log.  fl*  =  3*3858993 
log.  sin.  1"  =  4*6858749 
lo^  cot  (;r  -  D)  =  9*767338. 

log.  (A' -A)   =  0-8318957 
.*.  A'  -  A  =  6''*7 
.*.  A'  -  16/  S0'/-9 


R 


242  ASTRONOMY.  [XII.  $  8. 

To  explain  how  those  fables  may  be  ^       cos.  ^>  sm.  h 

corrected  by  an  occultation,  we  must  ©  ac  ir,  ,     yp 

suppose  the  observation  to  be  perfectly  2  C08.D.  su^*^ 

exact,  but  that  the  errors  produce  on  the 

value  of  tt  calculated  as  above  shown,  a  we  wish  to  find,  supposing  a  small  error 

small  error  d  t.    Reverting  to  the  ex-  on  n',  the  corresponding  error  on  cj. 

pression  for  t,  and  putting  the  constant  The  supposed  small  error  on  n'  will  not 

3600*  affect  sensibly  the  factor  of  that  quantity 

factor-         ■  =  a.  in  our  expression, 

,  .         ,j      •_  J    V  .        *    #      cos.  ^.  sin.  k 


But  since  *^  *  a'"  -  ^  2  cos.  D.  sin.«  — 

«rf«  =  A'rfA'-W^  =  A'dA'-D'dD'  ^ 

Substituting  this  value  of  d  «,  in  the  =  J  n'. — ^ 

expression  for  d  T,  we  have  ^ 

Now  our  formula  for  the  parallax  in  ^^^  reasoning  for  rf  «•  as  for  d  car 
right  ascension  (page  237)  may,  consi-  ,  ^r 

dering  that  cr  and  n  are  very  small,  be  rf  D'  =  rf  D  —  ^ 

put  in  this  form  ^' 

=  AdA'  -BrfD+  CdW 

d  A' is  the  error  of  the  tables  on  the  apparent  semi-diameler,  rf  D  on  the  true 
declination,  and  d  n'  on  the  horizontal  parallax  of  the  moon. 

Now  if  the  immersion  is  observed  at  a  second  place,  at  the  time  T*,  rf  A',  rf  D, 
and  d  n'  will  be  the  same,  the  coefficients  will  be  A',  B',  Q\  and  the  true  time  of 
conjunction 

V  +  <'  + A'd  A'  -B'rfD  +  O  dn\ 

while  for  the  first  place  it  was 

T  +  ^  +  ArfA'-BrfD  +  Crfn'. 

We  have  then  for  the  difference  of  longitudes 

T'  -  T  +  ^  -  ^  +  (A'  -  A)  d  A'-  (B'  -  B)  rfD  +  (C'-C)  rfn': 

if  upon  calculating  the  co-efficients  A'- A,  B'-B.  C'-C,  we  find  them  very 
small,  the  errors  of  the  tables  will  produce  no  sensible  effect  on  the  longitude,  and 
may  be  neglected. 

But  when  the  object  is  to  determine  the  errors  of  the  tables,  then  we  must  sup- 
pose the  emersion  at  the  first  place  to  have  been  observed  as  well  as  the  immer- 
sion; the  time  of  true  conjunction  deduced  from  this  should  be  the  same  as  that 
deduced  from  the  immersion,  this  will  not  generally  be  the  case :  suppose  the  error 
in  the  latter  case  to  be  d  t\  then  dt  +  dt^  will  be  the  difference  of  the  times  above 
mentioned,  which  difference  of  course  is  a  known  quantity.    Supposing 

df  =  A,   rf  A'  -  By   rf D  -  Cy  rf n' 

then       dt  +  dif  =  (A  +  A^)  rf  a'-  (B  +  By)rfD-f  (C  +  C,)dnf 

Each  place,  where  both  the  immersion  and  emersion  have  been  observed,  will 
give  us  an  equation  of  the  same  form,  involving  the  same  three  unknown  quanti- 
ties d  A'»  d  D,  and  d  IT'.  Such  observations  then,  made  at  three  places,  will  serve 
us  to  correct  the  lunar  tables,  and  subsequently  the  longitudes. 

VII.  We  have  already  explained  why  principal  phases.   The  magnitude  of  the 

the  eclipses  of  the  moon  cannot  be  made  lunar  echptic  limits  has  already  been 

available  for  the  determination  of  longi-  determined,  page  90 ;  and  it  has  also 

tudes.    Yet  as  these  phenomena  always  been  shown  (page  89)  that  the  apparent 

possess  considerable  interest,  we  shall  radius  of  the  earth*s  shadow  at  the  dis- 

say  a  few  words  on  the  method  of  cal-  tance  of  the  moon   =  j3  -|-  P  -   R ; 

culating  beforehand  the  instants  of  the  where  P  is  the  horizontal  parallax  of 
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the  lUD :  p  that  of  the  noon ;  and  R  the  c  be  the  distance  of  the  two  centres  at 

apparent  semi-diameter  of  the  sun*.  the  time  t;  we  may  consider  c  as  the 

This  beings  premised,  adopting  the  hypothenuse  of  a  right-angled  trianele, 

notation  of  page  92,  if  we  call  /  the  time  of  which  one  side  is  the  difference  of  the 

from  the  conjunction  to  the  phasis  for  motions  in  longitude  of  the  centres  of  the 

which  we  are  calculatintr,  s  i  will  be  the  moon  and  shadow,  the  other  side  the 

motion  in  longitude  of  the  centre  of  the  latitude  of  the  moon's  centre  at  conjunc- 

shadow  in  that  time,  m  t  the  motion  in  tion  +  its  motion  since  that  time :  or 

longitude  of  the  centre  of  the  moon,  ni  (m  —  s)t  and  ^  +  nt  respectively,  where 

the  motion  of  the  latter  in  latitude.    Let  S  is  the  latitude  at  conjunction. 

Hence  c"  =  (wi  -  *)■  ^  +  (^  +  n  0" 

or  c«  -  /■  =  {  (in  -  *)«  +  n»}  <•  -j-  2  ^n  < 

or  assummg  tan.  ^  = 

ffi  —  * 

II*  /•  +  2  n  ^  iin.«  ^.  t  m  {fi  ~  0).  sin.<  >^ 

—  ^.  sin.*  ^.  jb  sin.  ^.  ^c*  —  0.  cos.«  ^ 

•  •  •  "  "" 

n 

We  have  now  only  to  put  for  c  the  eclipse  the  two  values  of  t  must  evi- 

different  values  of  the  distance  of  the  dently  be  equal ;  that  is,  the  radical  must 

centres  which  suits  the  beginning  or  end  vanish :  consequently 
of  the  eclipse  to  get  the  corresponding      .-.,,« 

times  counted  from  the  instant  of  con-  C  -  '•»  CO*'  '^  =  0    or  c  =  /.  cos.  ^ 

junction;    which  last  may  be   always  ^.  sin.*  ^ 

found  from  the  tables,    before  going  and  /  =s  —  — 

any  further,  we  shall  merely  remark  that  ^„   ,         .      ^       ,  ^t     .    .     ,    ,  , 

the  angle  ^  is  identical  with  the  inclina-  We  have  thus  found  the  instant  of  the 

tion  of  the  relative  orbit  to  the  ecliptic.t  middle  of  the  eclipse,  and  the  distance 

At  the  beginning  or  end  of  the  eclipse.  ©/  the  centres  at  that  moment,  that  is, 

the  distance  of  the  centres  is  equal  to  the  least  distance  of  the  centres.    Add 

the  moon's  apparent  semi-diameter  +  p  ^^  this  least  distance  of  the  centres  4 

+  P  -  R.    Substituting  this  quantity  cos-  ^»  the  moon  s  apparent  semi-dia- 

for  c,  the  two  corresponmng  values  of  t  meter,  we  shall  have  the  distance  from 

will  be  the  instants  of  the  beginning  and  the  exterior  edge  of  the  moon  to  the 

end  of  the  eclipses.    We  miirht  also,  if  centre  of  the  shadow:  subtract  from 

necessary,  find  the  radius  of  the  penum-  this  the  radius  of  the  shadow,  we  have 

bra ;  add  to  it  the  moon  s  apparent  se-  the  whole  part  of  the   diameter   not 

mi-diameter  for  c,  and  substituting  this  echpsed:  the  remainder  of  course  will 

value,  find  the  instants  of  immersion  be  the  quantity  of  the  diameter  eclipsed, 

into  and  emersion  from  the  penumbra.  ^^  Let  us  suppose  that  for  a  certain  day 

But  this  cannot  be  of  any  practical  uti-  the  following  quantities  have  been  cal- 

lity.    At  the  instant  of  the  middle  of  the  culaled. 

Instant  of  opposition March  18*  0*' 6"  12* 

Moon's  horary  motion  in  latitude,  n  .     .     .     .     =  —  3'  26"  J 

longitude,  m.      .     .     .     =     37  23    } 

Sun's ...*....=      2  29 

Moon's  apparent  semi-diameter,   a  .     .     .     .     =     16  39 

.   .   .  horizontal  parallax  «....=     CI     0 

Sun*s  apparent  semidiameter     .  K  .     •     .     .     =     16    5 

.   .    horizontal  parallax  P  .     .     .     •     =       0    9 

Hence  tan.  ^  =  =  -  ■  ..-  .„ 

m  ^  S  2094" 

/.  ^  e  -  b"^  37'  7" 

i    sin  *  ^^ 

For  the  middle  of  the  eclipse    t  «  — ■  '  =  O**- 1 08047  s=  +  6"-  29 


n 


•  It  ii  found  necessary  to  add  to  the  quantity  +  See  page  98. 

p  -f  p  -  R,  au  empirical  correction  =  1'  40//,  in  t  m  U  ncKative  bvcaute  the  latitude  !•  deeretitinp, 

order  to  allow  for  the  effects  uf  ihc  vartli's  atmos-  §  m  -  t  \*  always  positive,  because  the  moou 

phtrc.  always  movei  faster  than  the  tnu. 
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••.  the  middle  of  the  eclipse  is  at        Maich  18*  0^  12-  41« 
Least  distance  of  the  centres  =  ^.  cos  ^  =  38'  31" 

Add  A  =  16  39 

Distance  of  moon's  exterior  edge  to  the)  _  ^^  ^q 

centre  of  the  shadow  J 

Radius  of  shadow  =  p  +  P  -R  +  1'  40"  =  46  44 

Breadth  ofthe  part  ofthe  disk  not  eclipsed  =    8  26 

Part  eclipsed  =  24  52 
in  digits  =    S^  96 
For  the  instants  of  the  beginning  and  end  of  the  eclipse 

c=  A  -R  +  p  +  P+1'  40"  =  63'  23 
Hence  the  two  values  of  t  are 

Banning        t  =  +  0»»' 108047  -  1»» '43546  =  1»»  19"39» 
End  ^  =  +  0  •  108047  +  1   '43546  =  1     32    27 

Hence  the  instant  of  the  beginning  of  the  eclipse  is 

March  18*  0»»  6™  12*    (the  instant  of  opposition) 
1   19     39 

=  March  17  22  46     33' 
That  of  the  end  of  the  eclipse  is 
March  18    0    6'"  12* 

+ 1  32     37 

=  March  18    1  38    49 

This  is  mean  solar  Paris  time,  and  given  for  the  calculation  of  a  lunar 
according  to  the  custom  of  several  eclipse,  provided  we  modify  properly  the 
French  astronomers*  cowited  from  mid-  value  of  the  radius  of  the  shadow.  Now 
night  It  is  easy  to  see  that  the  moon  the  same  figure  and  considerations  Cp. 
must  have  been  above  the  horizon  of  89)  by  which  the  radius  of  the  earth  s 
Paris  during  the  whole  duration  of  the  shadow  at  the  moon's  distance  were  de- 
eclipse.  The  eclipse  then  was  entirely  termined,  show  that  the  radius  of  the 
visible  to  this  town,  and  of  course  invi-  lunar  shsidow,  as  seen  by  an  observer  in 
Bible  in  the  opposite  hemisphere.  the  moon,  is  equal  to  the  parallax  of  the 

We  shall  not  say  more  on  this  subject,  sun  with  regaid  to  the  moon,  plus  the 

but  proceed  to  one  of  greater  interest  parallax  of  the  earth,  minus  the  appa- 

and  greater  complexity,  that  of  solar  rent  semi-diameter  of  the  sun  as  seen 

eclipses.    But  here  the  problem  sepa-  from  the  moon.    This  parallax  is  the 

rates  itself  into  two,  according  as  we  wish  apparent  semi-diameter  of  the  moon  as 

to  determine  the  circumstances  of  the  seen  from  the  earth.    Now  as  the  pa- 

edipse  for  the  earth  in  general,  or  for  a  rallax  of  the  sun  is  extremely  small,  and 

given  spot  on  the  earth's  surface.    The  may  be  neglected  without    producing 

former  problem  becomes  identical  with  more  than  half  a  second  of  error,  we 

tliat  of  lunar  eclipses,  if  we  suppose  the  shall  not  take  it  into  account,  but  simply 

moon  to  be  in  the  place  of  the  earth,  and  '  state,  that  the  radius  of  the  kmar  shadow, 

the  converse;  the  general  question  of  as  seen  from  the  moon,  is  equal  to  the 

an  eclipse  of  the  earth  by  the  moon  may  difference  between  the  apparent  semi" 

be  treated  by  the  same  formulae  as  those  diameters  of  the  moon  and  sun\ 

p  have  auigned  to  It }  for  it  will  be  equal  to  the  ter- 

*  The  rlgoroae  expremion  is  (A  -  B)  • p-  restrial  parallax  of  the  euD,  angraenied  in  the  ratio 

"  "  of  the  distances,  and  diminished  in  the  raUo  of 

This  la  easily  shown  :  the  lunar  parallax  of  the  the  radii  ofthe  moon  and  earth.    Call  the  radii  of 

earth  Is  the  moon's  apparent  semi-diameterp   or  the  earth  and  moon  It  and  U/  respectiTely  ;  their 

P  .  A  distance  from  the  sun  to  the  earth  D,  to  tiie  moon 

A:  the   lunar  parallax  of  the  sun    Is    -;  1>/:  then  the  distances  of  the  earth  and  moon  from 

^       ^  the  sun  at  conjunction  will  be  ]>,  and  D  -  V. 

the  lunar  apparent  aemi-diameter  of  the  sun  is  The  lunar  parallax  of  the  suu  then  will  be  equal  to 

^ :  adding  these  three  quanUUes  together  we     p.-—.    —2—.    Now J^     (page   61.) 

F  -  *  K        1>-D'  H         p 

yet  CA  -'  R) «      ^      ■    IHs  easy  to  see  that  the     ^^^    jj  ^         R       p,  _       R         ,        D      _. 

lunar  parallax  of  the  sun  will  hare  the  ralue  we  "•"'  **  •*"•''  ^  -^' 
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Thus  too  the  radius  of  the  lunar  pen- 
umbra, as  seen  from  the  moon,  will  be 
equal  to  the  sum  of  the  parallaxes  of  the 
sun  and  earth,  plus  the  apparent  semi- 
diameter  of  the  sun ;  all  these  quantities 
being  calculated  for  the  moon.  Here,  as 
before,  we  neglect  the  parallax  of  the 
sun,  and  take  for  the  parallax  of  the 
earth  the  moon*s  apparent  semi-dia- 
meter ;  we  thus  get  the  radiu%  of  the 
lunar  penumbra,  as  seen  from  the  moony 
equal  to  the  sum  of  the  apparent  semi' 
diameters  of  the  sun  and  moon,* 


the  centres  of  the  moon*s  shadow  and  of 
the  earth  as  seen  from  the  moon ;  let  us 
call  it  c :  we  shall  have  c  =  S  -h  E  or 
S  =  c  -  E.  From  E  draw  E  O  per- 
pendicular to  the  axis  of  the  shadow ; 
then  we  have  EG  =  EM.  sin.  c=  ES. 
sin.  S.  .•.  EM.  sin.  c  =  E S.  sin.  8  = 
ES.  sin.  (c  -  E).  But  E  S  and  E  M, 
the  distances  of  the  sun  and  moon,  are  in 
the  inverse  ratio  of  the  parallaxes  of 


these  two  bodies,  or 
P 


ES  _  sin.f? 
EM""  "smTP 


or 


=  ^  )  the  arcs  p  and  P  being  very  small. 

Hence  p.  sin.  (c  -  E)  s  P.  sin.  c;  or 
with  the  same  approximation/),  (c-  E) 

p-P 


=  P.  c 


E  =  c. 


Let  us  suppose  that,  in  the  accompa- 
nying figure,  S  is  the  place  of  the  centre 
of  the  sun,  M  of  the  moon,  E  of  the  earth : 
the  angle  O  M  E  exterior  to  this  triangle 
will  represent  the  apparent  distance  of 


Now  E  is  the  apparent  distance  of  the 

centres  of  the  sun  and  moon  as  seen 

from  the  earth.    Now  we  may  use,  in 

calculating  the  general  circumstances  of 

a  solar  eclipse,  the  same  formulae  as 

those  which  we  have  established  for  a 

lunar  eclipse,  provided  we  substitute  for 

the  angle  c  of  page  243,  the  angle  £ 

which  measures  the  apparent  distance 

p-  P 

^ ;  we 


of  the  centres:  but  E  =  c. 


have  then  merely  to  substitute  in  the 

P-P 
formula  already  obtained  c  '^ for  c. 

We  thus  get  (see  page  243) 


<  = 


—  4.  sin.*  ^  ±  s{n,\l/^  c'  (^-^ — j  -  fi.  cos.*  >P 


n 


We  show,  as  before,  that,  at  the  middle 

—  t,  sin.*  -0.      , 
1  and  c  = 


of  the  eclipse,  t  = 

(     "     j  0.  COS.  ^i^ ;  and  we  can  deter- 


enters  the  lunar  penumbra;  for  as  long 
as  the  earth  is  in  that  penumbra,  a  por- 
tion of  the  sun's  disk  must  be  obscured 
to  some  part  of  the  earth's  surface.  To 
determine  then  the  corresponding  values 
of  t,  we  must  substitute  for  e,  the  appa- 
mine  as  before  the  magnitude  of  the  rent  radius  of  the  lunar  penumbra  as 
eclipse  in  digits.  seen  from  the  moon  plus  the  parallax  of 

The  phases  the  most  important  to  de-    *^e  moon  ;f  this  is  (by  note  to  page  244) 

tcrmine  are  the  b^inning  and  end  of   j^,  ^.  (^  +  r)-_P^.  Substituting  then 
the  eclipse.    Now  the  eclipse  begins  or   "^  p  -  P  ° 

ends  at  the  moment  that  the  earth's  disk    this  value  of  c,  we  get 


•in  P  s       ^      '  tloce  the  arci  p  iiud  P        *  In  tbit  cue,  however,  the  parallax  of  the  aun  can 

af n.  p  —  ain.  P       p  -  D  hardly  be  neglttcted  with  aafety.    The  exact  Talae 

are  very  amall.    Hence,  finally,  the  lunar  parallax     of  the  radiua  of  the  lunar  penumbra,  aa  aeen  from 


of  the  aun  =  p  .  .£L 
P 


P      -  P  •  A , 
;»  -  P       p-P 


It  la     the  moon,  ia  (A  +  B)  — ^ 


eaay,  following  the  aame  reasoning,  to  see  that  the 
lunar  setnl-dlameter  of  the  sun  s  R  •  — L 


P-P 


p-P 


t  It  will  be  recollected  that  the  parallax  of  the 
moon  repreaenta  the  apparent  radiua  of  the  earUi 
aa  aeen  from  that  aatclUte. 
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-  ^  simV±  V{  A+R  +  p  "  P}'  "  ^.  coiT4^ 

Let  us  take  for  example  the  solar  eclipse  of  1764,  which  has  heen  repeatedly  cal- 
culated.   Let  us  suppose 

Instant  of  conjunction  April  1**  10**  31"  5' .    Apparent  Pwis  solar  time 
Latitude  of  the  moon  at  conjunction  ^  =  +  39'  32" 
Horary  motion  in  latitude   ,  .   .  .  n  b  +    a  24 

longitude     •   .   .  m  =s       29  39 

Motion  of  the  sun  in  longitude  .   .  W  s=        2  27*7 
Horisontal  parallax  of  the  sun  .   .  P  =  8' 8 

of  the  moon*     p=       54    Td 

Apparent  semi-diameter  of  the  moon  A  =       29  29 

sun        =       31  32 

Substituting  these  quantities  in  our  expression  for  /,  we  obtain 
Beginning  of  the  eclipse  /  =  -  0»»- 14478  -  2»"  73898  =  -  2»»^53"   !• 

End /=--0  -14478  +  2  '73898  =  +  2   35    39 

Middle /:=— o- 14478  =^08     1 

It  will  be  recollected  that  the  negative  part  eclipsed  amounts  to  45'  19"*  5,  or 

sign  indicates  times  anterior  to  the  con-  m  digits  5*  '3. 

junction :  the  positive  sign,  times  subse-  In  arriving  at  these  conclusions  we 

qtient  to  it.  have  supposed  the  horary  motions  of  the 

The  apparent  distance  of  the  centres  moon  uniform,  and  neglected  the  varia- 

of  the  earth  and  lunar  shadow,  as  seen  tions  in  her  parallax  and  apparent  semi- 

from  the  moon,  at  the  instant  of  the  diameter ;  but  it  may  be  observed  that 

the  error  arising  from  these  circum- 

greatest  eclipse,  is  — £ — •  ^.  cos.  ^p  =  stances  is  trifling,  and  that  there  is  no  uti- 

P  —  P  lity  in  predicting  the  phases  of  an  eclipse 

39'  27''.     Now  this  distance    is   less  with  extreme  precision ;  it  is  quite  enough 

p  =  54'  l"-5,  the  moon's  parallax,  which  *o  ^^^l »  g^neril  idea  of  them  to  be  pr«^ 

represents  the  apparent  semi-diameter  Pared  for  the  observation,  which  should 

of  the  earth  as  seen  from  the  moon:  be  made  with  extreme  accuracy  as  weUaa 

consequently  at  this  instant  the  axis  of  ^11  the  calculations  founded  upon  them, 

the  shadow  fell  somewhere  on  the  earth's  Havmg  shown  how  to  determine  the 

surface.    The  eclipse  then  was  central  phases  of  a  solar  eclipse  for  the  earth  in 

for  some  places  at  that  moment,  but  not  F^"fJ?*»  the  next  question  that  presents 

total;   for  the  apparent  semi-diameter  >tself  is  to  determine  the  points  of  the 

of  the  sun  was  greater  than  that  of  the  earth  that  will  see  these  phases.    This 

moon ;  it  was  central  and  annular,  the  question,  if  completely  gone  mto.  is  one 

sun's  disk  forming  a  ring  of  light  round  ^^  ^^P^^  length ;  for  we  should  first  de- 

the  dark  surface  of  the  moon.    It  is  easy  termine  what  places  see  any  eclipse ;  then 

to  see  that,  in  other  places,  it  must  have  *"5?e  which  see  it  annular,  and  those 

been  annular  without    being   central :  ^"^^h  see  it  central  and  annular ;  if  the 

others  again  where  it  was  partial  without  apparent  diameter  surpasses  that  of  the 

being  annular  or  central :  lastly,  more  *""»  *^en  there  is  no   annular  eclipse, 

than  half  the  eaHh's  disk  was  not  covered  ?"d  ^^  ^^^^  ^"d  ^^^^  Peaces  which  see 

at  all  by  the  penumbra,  for  the  radius  of  **  ^®***»  *"^  ^^^^  which  see  it  total  and 

central    When,  in  each  of  these  cases, 

the  penumbra  (  A  +  R).  — ^  =  30'46'',  we  have  determined  a  certain  number  of 

P  "  P  places,  we  lay  them  down  on  a  map  of 

which  is  not  only  less  than  the  lunar  the  earth's  surface  and  join  them  by  a 

parallax  54' 1"' 5.  but  less  than  the  curve.    Thus  also  we  may  asceHain  the 

shortest  distance  of  the  centres.  39' 27",  P<^>"^s  where  the  eclipse  begins  when 

■o  that  even  on  the  side  where  the  sha-  ^^e  sun  is  rising,  or  ends  when  it  is  set- 

dow  passes  there  is  a  portion  of  the  disk  *»"g»  or  where  it  ends  at  the  rising  and 

=   8'  42"  which  is  not  eclipsed.     The  hegins  at  the  setting.    Again  we  might 

trace  a  line  through  those  places  which 

have  the  middle  of  the  eclipse  at  rising^ 

•  Calculated  for  the  iniUot  orceiganction.  and  those  which  have  the  middle  at  set- 
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ting.  The  Hmits  of  (his  tveRtise  do  not  how  the  two  points  of  the  earth's  surface 
permit  us  to  enter  into  these  details*  we  may  be  found  which  come  first  and  last 
shidl  content  ourselves  with  showing    into  contact  with  the  penumbra. 


■». 


Let  us  suppose  that,  in  the  annexed 
fij?ure,  S,  M^  £  are  the  centres  of  the 
sun,  moon»  and! earth  respectively:  the 
circumferences  described  round  the  two 
latter  represent  the  intersections  of  the 
moon  and  earth  bv  the  plane  passing 
through  the  points  S,  M,  E.  S'  O  N  T, 
a  tangent  to  these  two  circumferences,  is 
the  extreme  limit  of  the  penumbra,  which 
is  always  m  this  plane  and  must  be  a 
tangent  to  the  terrestrial  sphere  at  the 
instant  of  first  and  last  contact ;  conse- 
quently the  angle  ETC  is  a  right  angle. 
Hence  ETS  =  90°-  STS'  =  90°-  R: 
alsoTSE  =  P  A  ETS  +  TSE  =  90° 
-  R  +  P ;  and  since  S  E  T  is  the 
supplement  of  these  two,  S  E  T  =  90° 
+  R-P. 


tion  and  of  the  last  contact ;  lastly  L 
(which  we  must  conceive  to  be  elevated 
above  the  plane  of  the  paper)  to  be  the 
point  of  the  surface  where  this  contact 
takes  place.  Join  L  E,  the  angle  L  £  S' 
is  known  by  what  has  just  preceded. 
The  first  point  is  to  find  the  angle  t  which 
the  plane  L  £  S'  makes  with  the  ecliptic. 
This  is  easily  done  ;  for  since  the  moon 
is  in  this  plane  at  the  instant  of  the  last 
contact,  which  we  will  suppose  to  take 
place  at  the  time  /",  (counted  from  con- 
junction,) its  latitude  at  that  instant  is 
i  -{-  n  t'f  \  its  difference  of  longitude 
from  the  sun  (m  —  w!)  ^" ;  and  its  ap- 
parent distance  from  the  sun  seen  from 
the  earth  is  A+  H  +;?  -  P*:  conse- 
quently, as  these  arcs  are  very  small, 


sm.  t  = 


cos.  #  = 


Ai-R  +  p-P 
(m  -  m')  C 


Let  us  now  suppose  that,  in  the  adjoin- 
in  ?  fi?iire,  E  is  the  centre  of  the  earth, 
cyoVV'V"  is  the  section  of  the  earth's 
surface  by  the  plane  of  the  ecliptic: 
8,  S'  the  successive  positions  of  the  sun 
in  this  plane  at  the  instants  of  eonjiinc- 


A  +R+P -P 

With  these  data  we  must  calculate 
the  latitude  of  the  point  M,  and  its  dif- 
ference of  longitude  from  the  sun.  Draw 
from  L  on  the  ecliptic  the  circle  of  lati- 
tude LV":  the  three  points  L,  V,  V" 
on  the  earth's  surface  will  form  a  sphe- 
rical triangle  right-angled  at  V',  in  which 
we  know  the  hypothenuse  V'E  L  =  90° 
+  R  -  P.  and  the  angle  LV'V"  or  i 
which  we  have  just  found. 

.-,  sin.  L  V"  =  cos.  (R  —  P).  «n. , 

tan.  V'V"  =tan.(90°+R-P).cos.i 

We  may  simplify  these  expressions 
still  further  by  putting  cos.  (R-  P)=  1, 
and  putting  for  the  latter  oi  the  two. 


*  This  is  the  sume  u  the  angle  E,  in  page  S45. 
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v^  vw     ono  4.  (^  •"  P)*  fceographical  latitude  of  the  place.    The 

V  V    =  90  i       j^jj—  right  ascension  of  the  sun  must  be  cal- 

-  ,,         .    TrfTmxi-  11      f  ^#r  culated  for  the  instant  of  contact,  and 

Add  now  to  V'V"  the  quantify  w'r,  subtracted  from  the  right  ascension  of 

we  shall  evidently  have  the  longitude  of  the  zenith.  This  gives  us  the  hour  angle 

the  point  M,  counted  from  V,  the  point  of  ^he  sun,  that  is  to  say,  the  time 

of  the  ecliptic  where  the  conjunction  counted  at  the  place  in  question.  As  we 

happened.    Lastly  adding  cp  V,  which  have  already  calculated  thU  time  accord- 

we  shall  call  A,  we  have  the  longitude  of  j^g  to  our  first  meridian  (Paris,  for 

M  counted  from  the  cq^JJlfx.    These  example),  we  know  the  difference  of 

two  angles  Lv",  and  qpV"  are  what  times  and  consequently  the  longitude 

are  technically  called  the  latitude  and  f^^^  p^^jg  ^        ^ 

longitude  of  the  zenith.    Hence  by  the  Xo  apply  these  formulffi  to  the  case  of 

appropriateformulffi.  we  may  obtain  the  the  eclipse  of  1764,  let  us  suppose  that 

right  ascension  and  decimation  of  the  ^  have  found  the  instant  of  fthe  last 

zenith.    The  latter  IS  identical  with  the  contact  with  the  penumbra, /"=2»'-594  20. 

At  the  instant  of  conjunction  a  =    12°  9'  56" 

Hence  longitude  of  the  zenith     =  102  35  15 

latitude     ....       =    33  27  35  N. 
Similarly  for  the  beginning  of  the  eclipse 

/'  =  -  2**'88376 

Longitude  of  the  zenith  =  281^45' 48" 

Latitude     .     •     .     .     =    21  59    0 
Hence  we  obtain  for  the  point  of  last  contact 

Right  ascension  of  the  zenith  =  109°  1' 55" 

Declination     .....     =    56  6  20 
For  the  point  of  first  contact 

Right  ascension  of  the  zenith  =       281°  5  3'  57'' 

Declination =  —      1     2  39 

To  get  completely  the  position  of  the  two  points  in  question  on  the  celestial 
sphere,  we  must  determine  the  geographical  longitude  from  the  right  ascension  of 
the  zenith.     Operating  in  the  manner  explained  above,  we  have 

First  oootaci  La»t  contact 

Loneitnde  of  the  sun  at  conjunction  1 2°  9'  56"  1 2°  9'  56" 

Reduction  to  the  moment  of  the 
phasis m't'  =  —  7    7    m't'^=  +  6  24 

Longitude  of  the  sun  at  the  moment  of 
the  phases =  12°  2' 49"  12°  16' 20" 

From  these  longitudes  (supposing  the 
obliquity  of  the  echptic  23°  28'  31") 
the  corresponding  values  of  the  right 
ascensions  are 13°  5' 53"  13°  20' 28" 

Subtracting  these  results  from  the  re- 
spective right  ascensions  of  the  zenith 
as  given  above,  we  have  the  hour 
angles  of  the  sun,  at  the  moments  of 
the  phases 267° 48' 4"  95°41'27" 

or  in  solar  time n**  51'»12"         6^  22"»  46' 


0 


These  aneles  are  counted  from  the  upper  meridian  and  from  east  to  west,  from 
^  up  to  360^ ;  counting  in  the  same  way,  at  Paris,  the  times  were 
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Fir*t  contact  Lastceatact     * 

at  the  instant  of  conjunction  22»»  31»  5»  22»»  31"  5' 

Reductiontothein8tantofthephasisf=-2  53    1        ^"=+2  35  39 

Paris  time  at  the  instant  of  the 
phasis =19  38  54  1     6  44 

By  the  calculations  above  given  the 
hour  angles  of  the  sun  at  the  two 
places  considered,  are      .     •     •        17  51  12  6  22  46 

Hence  the  geographical  longitudes 
of  these  two  spots  referred  to  the 
meridian  of  Paris,  are      .     •     •  1   46  52  18   43  58 

The  latitudes  as  given  above*  .     .      -  1°  2'  39"  +  56^  6'  20" 

We  shall  now  proceed  to  the  predic-  This  equation  may  be  put  more  con- 

tion  of  the  phasis  of  a  solar  eclipse  for  a  veniently  for  logarithmic  computation 

given  place.    For  this  purpose  it  is  ne-  under  this  form.    Assume  tan.  *^  =3 

cessaiy  to  be  able  to  calculate  the  appa-  x' 

rent  distance  of  the  centres  of  the  sun  "^»  ^"®'* 

and  moon  at  a  given  instant  as  seen  ^ 

from  the  point  in  question.    We  begin  c  = 


by  calculating  for  the  given  instant  the  ®^'*  "^ 

true  longitudes  O  and  ]) ,  of  the  sun  and  At  the  beginning  or  end  of  the  eclipse, 

moon,  tneir  horary  motions  in  longitude  the  distance  of  the  centres,  or  o  =  R  -(- 

m  and  m',  their  horizontal  parallaxes  p  a';  if  the  eclipse  be  annular,  at  the 

and  n,  their  semi-diameters  Rand  A '« and  moments  of  interior  contact,  c  =  R  - 

the  geocentric  latitude  of  the  place  <^.  A ' :  both  cases  may  be  embraced  under 

After  this  we  deduce  from  II  and  (p^,  the  general  expression  c  =Rdb  A'*« 

the  lunar  horizontal  parallax  n^  by  means  At  these  moments  then,  c,  as  above  cal- 

of  the  formula  in  page  232.    Now  the  culated,  ought  to  be  equal  to  R  db  A  '• 

parallaxes  in  longitude,  from  the  form  of  But  as  we  do  not  know  beforehand  the 

their  expression,  are  proportional  to  the  instant  of  the  phasis,  which,  indeed,  is 

horizontal  parallaxes,  and  as  the  hori-  what  we  are  seeking,  we  must  calculate 

zontal  parallax  of  the  sun  does  not  ex-  for  every  five  minutes  during  an  hour 

ceed  8"'8,  we  may  take  it  info  account  by  before  and  after  conjunction,  the  values 

substituting  for  n',  n'  -  j9,  or  the  differ-  of  c,  and  compare  them  with  the  value 

encesof  the  parallaxes  of  the  two  bodies,  of  R  ±  A';  by  observing  when  c  is 

We  now  calculate  the  lunar  paraU  greater  and  when  less  than  this  quan- 

taxes  in  longitude  and  latitude,  and  by  tity,  we  shall  have  found,  within  five 

addinc:  them  to  the  true  longitude  and  minutes,  the  time  of  the  phasis,  which 

latitude  respectively,  we  get  the  apparent  may  be  found  more  nearly  by  a  simjsle 

longitude  and  latitude  for  the  instant  proportion,  supposing  the  change  of  dis- 

required ;  we  calculate  also  a'»  or  the  tance  proportional  to  the  time.    As  the 

apparent  semi-diameter  of  the  moon,  by  whole  variation  of  A '  only  amounts  to 

the  formula  in  page  240.  18'^  we  may  calculate  this  quantity  for 

This  being  done,  we  proceed  to  cal-  the  instant  of  conjunction,  and  suppose 

culate  the  apparent  distance  of  the  cen-  it  constant  during  the  two  hours.    The 

tres  for  the  mstant  required.    Now  we  lunar  parallaxes,  and  the  true  longi- 

may  always,  without    sensible    error,  tudes  and  latitudes,  should  be  calcu- 

consider  this  distance  as  the  hypothe  lated  for  every  half  hour,  and  hence  the 

nuse  of  a  right-angled  triangle,  of  which  apparent  motions  determined  ;  we  may 

the  two  sides  are.  respectively,  the  lali-  then,  by  interpolation,  find  x'  and  •  for 

tude  of  the  moon  s  centre,  and  the  diffe-  every  five  minutes.    As  R  and  A'  may 

rence  of  longitudes.  be  supposed  constant  during  the  whole 

Calling  the  apparent  longitudes  of  the  interval  of  our  calculations,  the  greatest 

centres  O'  and  ]) ',  let  us  put  O'  *—  y  eclipse  will  take  place  when  c  is  least ; 

=  xf ;  and  let  us  call  the  apparent  lati- 

tude  of  the  moon  s  centre  ^ ;  then 

.          I,    ,    ^-  •  Experience  teaches  us  that,  in  these  calcula. 

C*  =  X'*  -j-"»  tions,  it  is  necessary  to  diminish  the  diameter  of 

the  sun  by  3"  5,  and  that  of  the  moon  by  2'' :  the 

first  of  these  corrections  is  attributed  to  aa  optical 

*  The  negatWe  sign  denotes  a  southern  Utltude  }  effect  cttlle<l  irradiation  ;  the  latter  to  the  ittf^tion 

the  poaitlfe  a  northern.  of  Xht  suu*a  rays  at  the  surface  of  the  moon. 
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but  the  equation  <*  =  x'«  -  /•  gives,  for 
a  minimum, 

We  may  take  for  /  the  apparent  latitude 
at  the  middle  of  the  eclipse*  ;  d^',  d^, 
are  the  apparent  motions  which  we  have 
already  found ;  thus  x,'  is  known,  and 
we  may  easily  deduce  the  corresponding 
value  of  c  ;  and  c  being  known,  the  cor- 
responding time  may  be  found  by  inter- 
polating between  two  known  values  of  c 


for  two  successiye  epochs,  five  minnfes 
distant. 

The  observer  would  not  be  able  to 
observe  the  instant  of  immersion,  unless 
he  knew  beforehand  the  point  of  the 
solar  disk  at  which  to  look  for  the  first 
appearance  of  the  moon*s  dark  limb. 
This  is  determined  by  means  of  what  is 
called  the  parallactk^  angle,  or  the  angle 
which  the  ecliptic  makes  with  a  vertical 
circle  passing  through  the  sun,  at  a 
given  sidereal  moment, «. 


Suppose  that,  in  the  adjoinin^r  figure, 
P  is  the  pole  of  the  equator  cya  Q,  P  M 
the  meridian,  S  the  sun,  Z  T  a  vertical 
circle  passing  through  its  centre,  M  the 
centre  of  the  moon,  qp  A-  the  ecliptic, 
Z  S  A  the  parallactic  angle,  (.  Now  qp  Q 
=  Q M  +  M  cp  r=  90°  4-  «;  the  angle 
at  Q  is  «,  or  the  obliquity  of  the  ecliptic : 
CV3  Q  A  =  180<*  -  cya  Q  T  :a  180°  - 
(ttO°  -  0  =  90°  +  ^ ;  vrhere  ^  is  the 
latitude  of  the  observer.  Henoe,  by 
spherical  trigonometry,  we  may  calcu- 
late the  angle  at  A,  and  the  side  ofi  A } 
but,S  A  =  <r>A-qpS  =c\pA  —  0, 
Consequently  in  the  right-angled  sphe- 
rical triangle  S  T  A,  S  A«  and  the  angle 
at  A  are  known,  whence  we  get 

cot.  I  «  cos.  8  A .  tan.  A, 

at  the  instant  of  the  contact  at  the 
point  w,  S  M  =  R  +   a'  ;  M  I  =  ^' ; 

.•.  cos*  M  S I  e  ^r— — - :  consequently 

we  know  (  —  M  S  I  «  i^'  S  m,  or  the  are 
of  the  solar  disk  comprised  between  the 
point  of  contact  m,  and  the  vertex  of  the 
Kun,  F. 

We  now  come  to  the  application  of 
solar  eclipses  to  the  determination  of 
terrestrial  longitude.  It  will  at  once  be 
perceived  that  this  problem  bears  the 
greatest  analogy  to  that  of  the  deter- 
mination of  the  longitude  by  lunar  occul- 

*  The  middle  of  the  eclipse  is  the  middle  of  the 
Interval  between  the  two  exterior  cuntucts  i  it  is 
always  very  oeur  the  iokiaiit  uf  llie  greatest 
eclipse. 


tations  of  the  fixed  stars.  In  fact  the 
problems  are  identical,  with  the  exoep* 
tion  of  three  points  ;  these  are 

First,  that,  instead  of  determining  the 
conjunction  in  right  ascension,  we  de- 
termine the  conjunction  in  longitude; 
that,  in  consequence,  it  is  neoessarv  to 
refer  both  bodies  to  eo-ordinates  of  lon- 
gitude and  latitude,  instead  of  those  of 
right  ascension  and  declination. 

Secondly,  the  sun  will  have  no  lati- 
tude, which  coTikiderably  simplifies  the 
calculations;  but  the  instant  of  con- 
junction will  be  determined  by  the  differ^ 
ence  of  the  motions  in  longitude  ot  the 
sun  and  moon ;  and  to  find  the  sun*e 
apparent  longitude,  his  parallax  in  Ion* 
gitude  must  be  calculated. 

Thirdly,  at  the  beginning  or  end  of 
the  ecli[)se,  the  apparent  distance  of  the 
centres  is  equal  to  the  sum  of  the  appa- 
rent diameters  of  the  two  l)odies.  The 
latter  of  these  is  found,  from  the  tables 
or  Ephemeris,  and  may  be  considered  as 
constant  for  all  altitudes  above  the  ho* 
rizon.  Consequently,  the  same  formulas 
which  we  have  already  investierated  for 
occultations  will  serve,  provided  we 
substitute  tor  the  difference  of  rifirtit  as- 
censions the  difi'erence  of  lontriiudes; 
for  the  difference  of  declinations  the 
latitude  of  the  moon;  for  the  moon*8 
parallax  in  latitude,  her  parallax  in  de- 
clination ;  for  her  parallax  in  right  as- 
cension, the  difference  of  the  parallaxes 
of  the  sun  and  moon  in  longitude :  pro- 
vided also  ihat  we  put.  the  apparent  dis- 
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tanoe  of  the  centres  equtl  to  the  Btim  of 
the  apparent  semi-diameters.  This  hav- 
ing been  done,  we  conclude  the  instant 
of  apparent  conjunction,  and  from  that 
the  instant  of  true  conjunction,  as  be- 
fore ;  and  in  the  same  way,  from  the  in- 
stant of  true  conjunction,  the  longitude 
is  determined. 

Let  X  be  the  apparent  differenoe  of 
the  longitudes  of  the  two  centres  ;  (f  the 
apparent  latitude  of  the  moon ;  )  and 
A  their  apparent  semi-diameters ;  then 

A«  =r  (A'  +  V  -  ^. 

Now  let  ^  and  ^ '  be  the  true  and  ap- 
parent longitudes  of  the  moon,  O^ind 
O'  those  of  the  sun,  gj  and  9  the  paral- 
laxes of  the  moon  and  sun  in  longitude : 
then  ^  =  D '  -  car.  Now  at  the  begin- 
ning of  the  eolipse, 
0  =  0'-  ,.,  J  =  J'- car,  .'.  x=0'-]>' 

at  the  end  of  the  eclipse 

>  -  0  =x-(cy  —  «■); 

or,  (generally,  if  the  true  difference  of 
longitudes  =  c,  then  we  have 

C  =  X  ±  (CT  -  «•), 

taking  the  superior  sign  for  the  immer- 
sion. 

The  phases  of  the  internal  contacts  in 
an  annular  eclipse  may  be  employed  in 
the  same  way,  if  we  substitute  the  dif- 
ference of  the  apparent  semi-diameters 
for  their  sum. 

It  is  necessary,  as  has  been  previously 
remarked,  to  diminish  the  sun's  semi- 
diameter  3^'  5,  on  account  of  irradiation, 
and  that  of  the  moon  *i!\  on  account  of 
inflexion. 

In  finding  the  time  corresponding  to 
the  arc  c,  we  regard  the  sun  as  im- 
moveable, and  attribute  to  the  moon  an 
horary  motion  equid  to  the  difference 
of  the  motions  in  longitude.  Let  i 
l)e  the  time  corresponding  to  the  arc  c ; 
m  and  M  the  horary  motions  of  the 
sun  and  moon ; 

then  t  =  -?^  (x  ±  (©  -n)} 

We  may  dispense  with  the  calculation 
of  «-,  bv  calculating  cr  with  the  value 
n'  —  8^,  instead  of  n',  to  allow  for 
the  parallax  of  the  sun ;  and  we  may 
then,  in  our  formula,  omit  f.  V.  page  249. 
All,  then,  that  is  required,  is  to  know 
how  to  determine  the  parallaxes  in  lon- 
gitude and  latitude.  The  formulae  for 
expressing  the  effects  of  parallax  in 
right  ascension  and  declination  may,  by 
a  slight  modification,  be  made  to  serve 
for  those  in  longitude  and  latitude.    All 


that  is  neoesflaTy  for  this  purpose  is  to 
substitute  for  the  hour  ancle  in  the  ex- 
pression for  the  parallax  in  right  ascen« 
sion,  the  difference  of  longitudes  be- 
tween the  moon  and  the  zenith,  and  the 
latitude  of  the  zenith  for  the  geogra- 
phical latitude  in  the  expression  for  the 
parallax  in  declination.  The  longitude 
and  latitude  of  the  zenith  are  deduced 
from  its  right  ascension  and  declination 
by  the  appropriate  formulae.  To  obtain 
these,  we  must  consider  the  spherical 
triangle  ZPP^  between  the  zenith,  the  pole 
of  the  equator  P,  and  that  of  the  ecliptic 
F.  In  this  triangle  Z  P  is  the  colati- 
tude  of  the  place,  Z  F  the  complement 
of  the  latitude  of  the  zenith  ;  P  F  is  the 
obliquity  of  the  ecliptic. 


Let  cys  be  the  vernal  eqainox,  cyo  E 
the  ecliptic,  cyo  Q  the  equator :  it  is  evi- 
dent that  CY3  A  is  the  right  ascension  of 
the  zenith,  cy3  L  its  longitude :  the  angle 
P'PZ  =  P'PcYD -hcpA.  (P.Hwillbe 
recollected,  is  the  pole  of  the  great  cir- 
cle cys  Q,  and  therefore  cya  A  measures 
the  angle  cp  P  A)  ;  but  P'  P  cyo  =  90® ; 
for  P  cy3,  being  the  equinoxial  colure, 
is  at  right  angles  to  P'.PQ,  the  soU 
stitial  colure ;  consequently  P'  P  Z 
—  90©  ^  jjig  x\^\  ascension  of  the 
zenith.  Again.  P  P'  L  =  P  P'cyo  - 
cyo  L,  (P'  tJeing  the  pole  of  the  great  cir- 
cle cyD  E)  ;  but  PP'  cyo  =  90°,  for  we 
may  consider  cyo  as  the  pole  of  the  crreat 
circle  P'  P  Q  ;  consequently  P  FZ  = 
90°  -  the  longitude  ot  the  zenith. 

Let  us  then  take 


PP'     = 


s=  m 


f/Z       =  90«>  -  ^ 
P  Z       =  90°  -  J 
p'PZ  =  90°-f« 
pP'Z  =  90° -X 

Now  applying  the  common  formulsD 
of  spherical  trigonometry,  and  recollect- 
ing that  COS.  (90°  +  «)  =  -  sin.  •. 
we  have 
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eos.  ^  ss  ~  sin.  *> .  cos.  3 .  sin.  « -f-  cos. « .  sin.  3 

.                tan.  3  .  sin.  tt  +  sin.  «6 .  cos.  » 
tan.  x=  ' 


Assume  tan.  ^  = 


COS.   a, 

sin.  • 


tan.  ) 


^.  „        •     *    cos-  (^  +  *») 

then  sin.  ^  =  sm.  3. r — : — - 

sin.  yff 

!•«  n       ♦««        sin,  (yp  +  a>) 

tan.  X  =  tan.  « . : — - — 

sm.  ^ 

rt  may  be  as  well  to  observe,  that  the  altitude  of  the  nonagesimal  *.    The 

what  we  have  here  called  the  long:itude  (quantity  which  we    have   termed  the 

of  the  zenith,  is  often  called  the  longi-  right  ascension  of  the  zenith,  which  is, 

tude  of  the  nonagesimal ;  and  what  we  in  fact,  identical  with  the  sidereal  time, 

have  called  the  latitude  of  the  zenith,  is  is  often  called  the  right  ascension  of  the 

the  complement  of  what  is  often  called  mid-heaven. 

To  illustrate  these  formulae,  we  shall  take  the  following  example  :^ 
))  =     162«>  9'   33"- 00 
/S  =  +        33     55-  70 

n  =  54       6-  75  p   =  8''-42 

A  =  14     44-  72  J    =  15' 56-   14 

^   =    23®   27'    48"- 1 

^  =     51     36     10-0 
Sidereal  time  =  8^  35"  6*M7  =  124    46    32'5    =  s 

Let  the  compression  of  the  earth,  or  p,  (see  page  203,)  be  supposed  =  — -. 

Hence  the  calculations  become 

log.  p        r=  7-52288  n    x:  54' 6 -75 

log.O  -p«)  =  9-9970999         log.  H        ^  3-51145  -  6-61 

log.  tan.  tp     =  0-1009945        log.  sin.y=  9"  78608  —  p=  —    8*42         r 

log.  tan.  <ff    =  0-0980944        log.  6"-61  =  0*82041        H'  =  53  51*72 

<p'    =  51°  24' 59" 

Hence  n'  and  ^'  being  found,  we  proceed  to  calculate  with  these  quantities  the 
position  of  the  nonagesimal, 

log.  cot.  <p'  =9-9019056     log.sin.(>^+«)  =  9-9151817     log. cos. (^^+«)  =  9* 75 4 83 71 
log.  sin.  «  =9-8918781     log.  tan.  #       =0-0951316— log.  sin.  (p'         =9-8930395 

log.  tan.  4^  =9-7937837     log.  sin.  -^   =  -  9-7227655     log.  COS.  ^    =— 99289818 

/.   yp     =31®52'52*"4log.  tan.  X        =0-28754 /S—log.  cos.  ^  =9-7188948 

«     =23   27  48-1  A        =117<>17'3"  .-.    ^   =58^26' 4" 


/  ^^  =  55   20  40-5  >     '  =162     9   33 


.-.  J  —  A.  =  44    52   30 


*  Calling  the  h  the  altitude  of  the  nonngeaiinaU  we  hare 

cog.  h  =  ain.  5  .  ^"*-  ^^  +  **) 

cos.^^ 

con.  ^// 
f  iMing  the  geographical  latitude. 
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Let  us  refer  then  to  the  formula  for  We  must  also  substitute  for  the  hour 

the  parallax  in  right  ascensicm,  (page  angle  h,  the   difference   in   longitude 

237)  and  substitute  for  (p,  the  altitude  between  the  moon  and  the  nonagesimal, 

of  the  nonagesimal,  or  0 ;  for  D.  the  or  J  -  a.  calling  J  the  moon's  longi- 

altitude  of  the  moon,  which  we  shall  call  tude.    Then  if  the  parallax  in  longitude 

^ :  then  take  be  cr,  we  have 

sin.  n.  COS.  i 
q  s 

COS.  fi 

1  -  g.  COS.  ( J  -  >.) 
_    q,  sin.  O  -x)  9*.  sin.  2(^  —  x) 

sin.  1"  "*■     .      2.  sin.  l" 


or  0=  -— r-    -  +  ^'7'-:^   ---  +&C. 


Again,  assume  cot.  x  = 


cot.  ^.  COS.  r  ^— x+  —  ) 


COS.  -— 

2 


-  sin.  n.  sm.  i     ,     ^ 

and  n  =  : .  sin.  ( v  -.  A) 

sm.  X 

then  if  r  be  the  parallax  in  latitude,  we  have 

«««  w>  sin.  (;t;  -  0) 

tan.  «•  s= 7- 

1-  n.  COS.  Ot:—  /3) 


or 


-  »-  sin,  (y  -  ^)        w'.  sin.  2.  fa^^)       « 
sm.  1"  2  sm.  1" 


Thus  also  calling  the  apparent  semi-diameter,  as  given  by  the  tables.  At  and  as- 
suming 


cot 
cot.  I  =  - 


.  ^.cos.  f  I  -  ^  +  -^  ) 


cr 
cos.  -jj- 

we  have,  for  the  augmentation  of  the  apparent  semi-diameter,  the  following  ex- 
pression, 

A .  «•.  sin.  1",  cot.  (1  -  /S) 

ing  manner: — Let  us  suppose  the  ob* 
Chapter  XIIL  server  placed  at  one  end  of  the  line  in 

question  to  observe  the  difference  be- 
On  the  use  of  Astronomical  ObservO'    tween  the  azimuths,  or  the  angle  in  a 
iions  in  determining  the  Bearings  of   horizontal  plane,  comprised  between  a 
Terrestrial  Objects,  and  the  Variation    signal  placed  at  the  other  end  of  the 
of  the  Magnetic  Needle,  line,  and  some  heavenly  body,  such  as 

the  Sun,  if  the  observation  be  made  in 
It  frequently  happens  that  in  the  course  the  daytime,  or  a  fixed  star  if  at  night. 
of  trigonometrical  surveys,  or  those  Now  the  azimuth  of  the  sun  or  star 
great  geodetic  operations  which  have  may  be  calculated,  (supposing  the  lati- 
l)een  undertaken  to  determine  the  figure  tude  known,)  provided  we  know  the  in- 
of  the  earth,  it  becomes  necessary  to  stant  of  the  observation  ;  and  thus  the 
determine  the  position  of  some  given  azimuth  of  the  signal  is  immediately 
line,  such  as  the  side  of  a  triangle,  found.  In  showing  how  to  calculate 
with  regard  to  the  meridian ;  or,  in  the  azimuth  of  the  heavenly  body,  we 
other  words,  it  is  necessary  to  deter-  shall  begin  by  remarking,  that  since  re- 
mine  the  azimuth  of  this  line.  For  this  fraction  and  parallax  both  act  in  a  ver- 
purpose  it  is  absolutely  necessary  to  tical  circle,  they  do  not  change  the  azi- 
have  recourse  to  astronomical  observa-  muth,  and  therefore  may  be  neglected  in 
tions«    This  may  be  done  in  the  follow*    these  calculations. 
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Let  tti  iinppoM  that  in  the  spherical    equator,  the  zenith*  and  the  «un  or  atar, 
triangia  Z  P  8,  between  the  pole  of  the    that  Z  P  or  the  eolatitude:s=<p,  P  8  or  the 

north  polar  distance  b  ),  the  hour  angle 
Z  P  S  1=  A,  the  azimuth  P  Z  8  »  A,  and 
the  angle  Z  8  P,  ^hich  is  technically 
called  the  angle  of  variation,  «  i.  In 
this  triangle,  p,  B,  and  h  are  known, 
and  it  is  required  to  find  A.  Now  the 
formulae  of  spherical  trigonometty, 
known  by  the  name  of  Napier*s  Analo- 
gies, give  us  the  following  equations : 

1      •  *  r  A    I  .*         £    A      cos.  i  .  (^  —  f ) 
tan.  i(A+0  =  cot.^..^jj-l-^ 

tan.4.(A-«)=cot    *  .-^44^ 

S       sin.  i   (i  +  (p) 


In  the  case  of  the  sun,  the  hour  angle 
h  is  the  true  time,  expressed  in  degrees ; 
in  the  case  of  a  star,  it  will  be  the  dif- 
ference between  the  right  ascension  of 
the  meridian  and  the  right  ascension  of 
the  star,  or  in  other  words,  the  differ- 
ence between  the  sidereal  time  and  the 
right  ascension  of  the  star :  but  the  si- 
dereal time  is  equal  to  the  apparent  solar 
time  -h  the  right  ascension  of  the  sun. 
From  the  sum,  then,  of  these  latter  quan- 
tities, we  must  subtract  the  right  ascen- 
sion of  the  star  to  obtain  h :  this  differ- 
ence must  have  the  negative  sign  when 
the  star  is  to  the  east  of  the  meridian, 
and  the  positive  when  to  the  west  of  it. 


Also,  if  the  sun*s  azimuth  be  em- 
ployed, it  is  necessary  to  add  or  subtract 
his  semidiameter,  as  the  case  may  re- 
quire* :  or  if  we  take  the  mean  of  a 
series  of  observations,  this  correction 
may  be  eluded  by  observing  alternately 
the  opposite  limbs. 

Let  us  proceed,  as  an  example  of  the 
formula  above  ^ven,  to  find  the  azi- 
muth of  •  AquiIsB  (to  the  east  of  the 
meridian)  on  the  9th  June,  1830,  at 
9*"  18°"  mean  time  on  the  meridian  of 
Paris:  <?  is  supposed  =  41**  19'  10". 
The  right  ascension  of  the  star  is  sup- 
posed to  be  19**  42'»31''33;  and  its 
declination  8°  35'  4d"*24. 


Now 


mean  time    «  +  9**  18°* 
meanAR0=  +  6    29 


0* 
14 


AR^ 


+  14     47     14 
-19     43     31-3 


,*.  —  hour  angle      =  —  5     15     10-19 

or  hour  angle     ■=  +  5     15     10'19 

Change  of  AR  0  in  9»»  18"  =      —      1    31-42 


.\h 


)  =  81*34'  14"-8 
f  ^  41   19  10  -0 


6     13    3877 


.-.  -^  rr  390  i^f  21" 
2 


log.  cot.  ---   a:  0*08846 


£:0*0884d 


J  -  (p  =:  40  15     4  '8  .•.  i  (J-^)  =  20<>  r32"-4l0g.C08.  =  9-97264  log.sin.^  9*53666 
J-|-<p=122  53  24  '8      i(H-*?)=Cl  26  42  '4  log.COS.  =  9-97943  log.sin.  =  9*94367 

0-38167  9-68145 

/.  log,  tan.  ^  (A  +  2)  =  0-38167        .-.  i  (A-f  |)  =  67*26' 55" 
log.  tan.  *  (A  -  0  =  9  68145        .*.  i  (A  -  |)  =  25  39     7  . 


A  = 


93     6     2 


*  Strictly  ipeakfnf;,  we  should  employ  for  this  pnrpote  not  the  leinldiaaieter  of  the  Uble««  but 
the  asimitthai  semidiameter,  which  Is  equal  to  the  former  divided  by  the  cosine  of  the  aan's  altitude. 
But  this  nicety  Is  unnecessary,  except  in  the  moat  delicate  operations.     . 
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This,  then,  ii  the  aslmuth  of  '«  A* 
quilee  at  the  time  mentioned,  counted 
from  north  to  east. 

The  polar  star  is  used  very  advanta- 
geously in  this  way  at  the  moment  of  its 
greatest  digression,  that  is,  at  the  mo* 
ment  when  it  is  farthest  from  the  me- 
ridian :  it  is  towards  this  time  that  its 
motion  in  azimuth  is  the  least,  and,  in- 
deed, perfectly  insensible  during  the 
time  occupied  in  observing  a  set  of  dis- 
tances. It  is  necessary  to  calculate 
then  the  instant  of  greatest  digression : 
let  A  be  the  hour  angle  at  this  instant,  <p 
the  complement  of  the  latitude,  ^  the 
north  polar  distance  of  the  star;  at 
the  instant  of  greatest  digression  we 
have  a  spherical  triangle  between   the 


lenith  Z,  the  pole  P,  and  the  star  S, 
which  is  right-angled  at  6.    Henoe 

COS.  h  =  tan.  I .  cot.  f . 

From  a  knowledge  of  the  hour  angle 
the  corresponding  mean  solar,  or  side- 
real time,  may  be  deduced. 

Lastly,  the  azimuth  of  Polaris  is  given 
by  the  formula 

sin.  3 
sm.  A  =s -. 

sm.  ^ 

Thus,  let  it  be  required  to  calculate 
the  time  of  the  greatest  digression  of 
Polaris,  on  a  given  day,  for  which  the 
apparent  place  of  the  star,  that  is,  its 
place  corrected  for  precession,  aber- 
ration, and  nutation,  is  as  follows:^ 


AR  =  1*»   0«  22'  -36  i  =  1°  35'  20"-27 

and  at  the  place  for  which  this  digression  is  to  be  calculated, 

<P  =  46°  52'  40" 

log.  cot.  <p  =  9-9715130 
log.  tan.  3  =  8-4431331 


log.  sin.  )    =  8-4429658 
log.  sin.  <p    »  98632617 


log.  COS.  A  =  8-4146462 

h  =  88°  30'  40"-55 
=  5^  54™  2'  •  70 

AR^  =  1    022  -03 

AR*©}    "^  "^"^^  2»  57-48 


log.  sin.  A  «=  8-5797041 

A  =  2°10'38"-51 
is  the  azimuth  at  the  di- 
gression to  the  N.  W. 


13  51  27   -25 
Acceleration  of  1 


the  fixed  stars/ 


-2  16  -21 


13  49  1 1  '04    mean  lime  of  the  digression  to  the  \V. 


From  what  has  preceded,  it  will  easily 
be  seen  how  the  deviation  of  the  mag- 
netic needle  from  the  true  meridian  may 
be  ascertained  by  an  observer  on  land. 
In  fact,  he  has  only,  by  means  of  a  pro- 
perly constructed  compass,  to  take  the 
magnetic  bearing  of  some  signal,  and 
then  to  determine  the  true  azimuth  of 
that  signal  by  some  one  of  the  methods 
above  explained.  The  true  azimuth, 
comparkl  with  the  magnetic  azimuth, 
will  give  the  deviation  of  the  compass. 
But  the  observer  at  sea  must  obviously 
have  recourse  to  other  means.  It  is  to 
be  borne  in  mind  that  for  the  purposes 
of  navigation,  it  is  unnecessary  to  de- 
termine the  magnetic  deviation  with 
mathematical  accuracy :  it  is  more  im- 
portant to  employ  methods  that   are 


simple,  and  of  easy  practical  application. 
It  is  usual  at  sunnse  or  sunset  to  ol>- 
serve  the  magnetic  azimuth  of  the  sun's 
centre*;  which,  compared  with  the  cal- 
culated true  azimuth,  gives  the  devia- 
tion. This  true  azimuth  is  easily  cal- 
culated ;  as  we  have  a  spherical  triangle 
of  which  one  side  is  the  apparent  zenith 
distance  =  90°  +  refraction  -  paral- 
lax =  i:  the  other  two  sides  are  the 
colatitude  of  the  observer,  ^,  and  the 
north  polar  distance  of  the  8un*a  centre 
A  •    Hence 


COS.' 


2>A  =  {  +  A  +<p 
a    _   sin.  %/> .  sin.  (-^^  -  A) 
2  sin.  i  .  sin.  <p 


•  By  observiog  alternately  the  opposite  limbs. 
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We  may,  with  sufficient  accuracy  for  points,  instead  of  from  north  and  south, 

our  purpose,  regard  the  horizontal  re-  Hence  this  method  is  often  designated 

fraction   as  constant,  and  =  33'  45'^  by  the  name  of  that  of  or/tve  andocco- 

and  the  parallax  s  8" ;  consequently  ^  ^^^  amplitudes, 
always  =  90^  33'  37".  Suppose  the  magnetic  azimuth  of  the 

Navigators  are  in  the  habit  of  em-  centre  of  the  rising  sun  has  been  found 

ploying,  instead  of  the  azimuth  of  the  e  83^  2V  14"  £.  at  a  place  whose  eo- 

rising   or   setting  sun,  its  amplitude,  latitude  =  59^  56'  40";   and  that  we 

which  di£Pers  from  the  azimuth  merely  have  found,  from  the  solar   tables  for 

in  being  counted  from  the  east  and  west  the  corresponding  instant, 

A  «=  74°   13' -38" 

then 


(p  =  59 

56 

40 

•  log.  sin.  <p     as  9-9372872 

{  =  90 

33 

37 

log.  sin.  i           r=  9-9999792 

2  ^  =224 

43 

55 

log.  sin.  <p.  sin.  ^  =  9*9372664 

^  =112 

21 

57*5 

log.  sin.  %/'  ■   =  9'9660347 

^Z'  -  A  =  38 

8 

19-5 

log. sin.  (yP"  A)=   9*7906848 

log.  cos."  -~   =19-8194531 

.'.  4»  ==  35 

40 

37 

log.  cos.  -^   =  9-9097265 

•  =   71     12     14 

This  is  the  true  azimuth  from  N.  to  E. ;  subtract  it  from  the  magnetic  azimuth 
83°  21'  14".  and  we  obtain  for  the  deviation  of  the  magnetic  needle"  from  the  true 
meridian  12°  W. 
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GRAnBR  I.  made  in  China  and  Babylon,  the  Mai 

AsTRONOMT  is  in  all  probability  the  astronomy  in  modem  Europe, 
most  ancient,  as  it  is  unquestionably  the  In  treating  of  the  early  Oriental*  as- 
most  perfect  of  the  physical  sciences,  tronomy,  we  are  induced  to  g^ve  the 
But  the  very  antiquity  of  its  oiigin,  co-  priority  to  the  Chinese,  without  meaning 
seval  it  would  seem  with  the  earliest  civi-  to  affirm  that  the  science  is  of  more 
lization  of  the  East,  throws  an  obscurity  ancient  date  'among  that  people,  than* 
round  it,  which  the  present  state  of  our  among  the  Babylonians  ana  Egyptians, 
knowledge  does  not  enable  us  to  dispel  But  it  can  scarcely  be  disputed  that 
Thus  some  have  been  induced  to  look  to  they  possess  the  oldest  authentic  obser- 
theEg^tians  or  Chaldaeans,  some  to  vations  on  record,  and  consequently  have 
the  Indians,  and  others  to  the  Chinese,  wdl-founded  claims  to  our  earliest  no- 
as  the  inventors  of  the  science ;  but  the  tice.  It  is  also  to  be  remarked  that  the 
truth  is,  that  notwithstanding  all  the  long  residence  of  the  Jesuit  missionaries 
learning  and  acuteness  that  have  been  in  China,  and  the  peculiar  opportuni- 
shewn  in  discussing  these  questions,  the  ties  they  enjoyed  of  examining  the  re- 
facts  in  our  possession  are  too  few  and  cords,  affbrd  mat  comparative  facility 
unconnected  to  guide  us  with  any  cer-  in  the*  investigation  of  this  part  of  the 
tainty  to  a  conclusion.  That  in  some  of  subject  For  a  long  time  the  office  of 
the  nations  mentioned,  observations  of  president  of  the  tribunal  of  mathematics 
the  heavens,  though  perhans  rude  and  was  filled  by  members  of  this  order: 
incomplete^  have  been  made  firom  the  their  assistance  having  become  indis- 
earliest  times,  appears  unquestionable ;  pensable  to  the  Chinese  for  the  eorree- 
but  this  is  nearly  all  that  can  safely  be  tion  of  their  ashonomical  tables  and 
affirmed.  Whether  any  of  these  nations  methods  of  calculation.  The  Jesuits  did 
borrowed  from  the  others,  or  all  firom  a  not  fail  to  profit  by  this  opportunity  of 
common  source;  or  whether,  on  the  studying  the  history,  antiquities,  and 
other  hand,  there  was  no  scientific  com-  scientific  monumente  of  the  country ; 
munication  between  them,  is  a  point  and  we  owe  to  their  researches  a  great 
upon  which  we  may  speculate  with  more  mass  of  curious  and  interesting  facts. 
or  less  probability,  but  which  we  can  ne-  Father  Gaubil  has  written  a  treatise  pro- 
yer  hope  to  establish  beyond  controversy,  fessedly  on  the.  history  of  Chinese  As- 
In  a  fine  climate  and  a  level  country,  tronomy,  which  with  another  treatise  on 
in  the  plains  of  Chaldsea,  or  the  valley  the  same  subject  in  the  26th  volume  of 
of  the  Nile,  the  spectacle  of  the  heavens,  the  Lettres  Ediftantes  comprise  nearly  all 
everywhere  so  striking,  must  have  for-  that  is  known  on  the  subject.  But  after 
cibly  arrested  the  attention  of  a  people  idl  it  must  be  recollected  that  the  leam- 
lust  beginning  to  emerge  from  bar-  ing  and  diligence  of  the  missionaries  have 
barism.  But  it  is  princi^y  to  the  su-  been  able  to  collect  nothing  beyond  de- 
perstitious  ideas  of  the  inhabitants  of  tached  observations,  and  fragments  of 
the  East  that  we  must  look  for  the  mo-  science,  which  could  convey  no  infor- 
tives  which  induced  them  to  follow  with  mation  except  to  those  who  were  already 
so  much  care  the  varying  phenomena  of  versed  in  astronomical  calculations, 
the  (celestial  sphere.  The  Chaldseans  The  reader  will  not  expect  a  connected 
have  been  celebrated  in  all  ages  for  history  of  the  origin  and  progress  of  as- 
their  attachment  to  judicial  astrology ;  tronomy  in  the  east ;  this  we  can  trace 
the  Chinese,  from  time  immemorial,  have  but  imperfectly  for  Greece,  a  country 
considered  solar  eclipses  and  conjunc-  with  which  we  are  so  well  acquainted : 
tions  of  the  planets  as  prognostics  of  with  regard  to  China  and  India  we  must 
importance  to  the  empire,  and  the  ob-  be  contented  with  establishing  a  few  facts» 
servation  of  them  has  been  made  a  which,  at  some  fiiture  time,  increased 
matter  of  state  policy.  Traces  of  a  si-  knowledge  may  perhaps  enable  us  to 
milar  t)elief  may  be  found  in  Egypt  and  connect. 

India;  and  there  can  be  little  doubt  that       It  appears  that  the  Chinese,  whose 

to  a  superstition  vain  and  degrading  in  annals  are  in  some  particulars  of  more 

itself^  we  owe  the  early  obsenations  than  doubtful  veraeityy  carry  up  the 
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foundation  of  the  Empire  to  a  prince  culations  of  Father  De  M&illa  all 

named  Fou-hi,aaearly  as  nine  and  twenty  circumstances  are  verified  in  the  year 

centuries  before  Christ;  and  they  refer  24 61.-^ In  this  year,  the  spring,  which 

to  the  same  period  the  institution  of  their  begins  in  China  with  the  passage  of  the 

cycle  of  sixty  years,  and  the  composition  sun  into  15°  Aquarii*  fell  on  the  4th  of 

of  certain  mysterious  figures,  of  which  February,  the  new  moon  on  the  6tfa, 

we  shall  say  more  presently.    Though  and  on  the  9th,  the  four  planets  Saturn, 

the  cycle  just  mentioned  is  purely  civil,  Jupiter,  Mars,  and  Mercury,  were»  with 

it  is  sufiiciently  ingenious  to  merit  far-  the  moon,  comprised  within  an  are  of 

ther  notice  in  this  place.    In  order  to  about   12°,  from  15°  to  27°  Piscium.* 

give  each  year  a  name  that  shall  indicate  But,  in  the  first  place,  we  must  remark 

at  once  its  place  in  the  cycle,  the  Chinese  that  these  'calculations  cannot  inspire  a 

have  taken  two  series,  the  first  composed  great  confidence :  they  were  made  with 

of  ten,  the  second  of  twelve  monosyl-  me  tables  of  Lanire,  now  quite  anti- 

lables.    In  forming  then  the  names  of  quated ;  and  even  had  they  been  founded 

the  respective  years,  they  begin  by  com«  on  the  best  modem  tables,  for  example, 

bining  the  first  word  of  the  first  series  those  of  Delambre,  Burckhardt,  and 

with  the  first  of  the  second  to  make  the  Lindenau,  they  would  be  open  to  much 

name  of  the  first  year  in  the  cycle ;  for  doubt ;  as  small  errors  in  the  element! 

the  name  of  the  second  year  they  com-  will,  in  the  course  of  forW  centuries^ 

bine  the  second  of  the  first  with  the  se-  produce  detiations  of  consicierable  ma^ 

cond  of  the  second  series,  and  so  on :  nitude.    Besides,  a  conjunction  of  five 

after  ten  of  these  combinations,  the  first  planets  is  recorded,  whereas  it  appearsi 

word  of  the  first  series  answers  to  the  from  De  Mailla^s  own  calculations,  that 

eleventh  of  the  second,  the  second  of  only  four  were  in  conjunction ;  the  Chi* 

the  first  to  the  twelfth  of  the  second,  the  nese  text  requiring,  accordinsr  to  GkuibiL 

third  of  the  first  to  the  first  of  the  se-  that  the  moon  be  not  included  among 

cond,  and  so  they  proceed  till  the  first  the  five  in  questionf*    According  to  the 

word  of  the   first    series  corresponds  last  mentioned   astronomer,  thia  con* 

again  to  the  first  of  the  second*.    This  junction  was  supposed,  in  order  to  serve 

happens  at  the  end  of  sixty   years,  as  an  epoch  for  the  tables.    For  it  ap- 

There  can  be  no  question  that  this  cycle  pears  that  for  a  long  time  the  Chinese 

is  extremely  ancient ;  it  is  quoted  in  the  always  took  for  epoch  a  fictitious  genwal 

Chou-kingt ;  an  historical  work  of  which  conjunction  of  the  planets ;  the  date  of 

some  parts  are  nearly  as  old  as  the  time  which  they  fixed  by  calculating  back- 

of  the  Emperor  Yao;  that  is,  about  wards  with  the  respective  mean  motions 

2,300  B.  c. ;  but  there  is  some  difficulty  they  supposed  to  belong  to  each  planet, 

in  fixing  precisely  its  origin ;  the  Chi-  till  they  found  the  conjunction   they 

nese  tribunal  of  mathematics  places  the  sought^.     It  is  remarkable  enough^that 

firstyearofthefirst  cycle  at  the  eighty-  the  Indians  fixed  the  epoch  of  their 

first  year  of  the  Emperor  Yao}.  tables  in  a  similar  way ;  nor  is  thia  the 

The  first  phenomenon  recorded  in  the  only  point  of  coincidence  in  the  astro* 

Chinese  annals  is  a  conjunction  of  five  nomy  of  the  two  nations*    Both  divided 

?lanets,  in  the  reign  of  the  Emperor  their  zodiac  nearly  in  a  similar  way,  the 

chuen-hiu,  which  lasted  from  about  latter  into  twenty-seven,  the  former  into 

2514  to  2436  B.C.    The  conjunction  is  twenty-eight   constellations;  to    which 

said  to  have  taken  place  just  beyond  the  number  they  were  probably  led  by  ob- 

constellation  Che,  which  occupies  about  serving  the  moon's  revolution  to  take 

170    of   longitude,  and  the  .centre  of  place  in  something  between  twenty-seven 

which  is  in  6°  Piscium ;  on  the  same  and  twenty-eight   days ;    subsequentlf 

year  spring  began  before  the  first  day  of  both  seem  to  have  become  acquainted 

the  first  moon$.    According  to  the  cal-  with  a  division  of  the  zodiac  into  twalve 


*  The  words  of  the  fint  ■erira  are,  Kia,  Y,  Ping, 
Tlog,  Vou,  Kl»  Keng  Sin,  Gin,  Quey  )  of  the  ae- 
cond.  Tae,  Tcheou,  Yn,  Mao,  Chin,  Se,  Ou,  Oaey, 
Chin,  Teoo,  Su,  Hay.  The  flret  year  of  Uie  eycle 
would  be  called  Kla-Tse,  the  aecond  Y-Tcheou, 
andsopn;  for  example,  the  dfteenth  would  be 
Vou- Vn.  V.  Souciel,  fiecuell  d*Observationefaitea 
k  la  Chine,  p.  174.  f  Souciet,  vol.  iii.  p.  14. 

t  Gaubil.  in  Souciet,  toI.  ii.  p.  137. 

f  The  literal  translntion  of  (he  Chinese  la, 
'  Hoc  anno  primn  lunn  primi  die  prKceMeraft 
ver;  quinque  planetie  convenere  in  c«elo  trana- 
m\mk  consteilatione  Chc.»  De  Mailla,  Hist,  de  la 
Chinct  ToU  i)  p.  clr. 


•  On  the  9th  of  February  8461  b.c,  Grcgortan 
style,  at  half-past  scTeo  p.m.,  mean  time  on  the 
meridian  of  Paris,  the  longitudes  of  the  planets 
wen  aa  follows : 


1  = 


14.M.1S 
26.45.11 
23Ab  21 
17.  S.IS 
24.39.47 


%    = 

pe  Mailla,  vol.  I.  pp.  cIt.  yI.  tII.  tIIL 

t  Souciet,  Yol.  11.  p.  149. 

t  Sondes,  yoI.  il.  p.  16.  Vide  also  Oatobil,  HteU 
de  I'Astron.  Chin.  In  the  Lett.  Kdifiant.  ISll.  Ton* 
lonse,  Tol.  xxYi.  p.  218. 
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aigiis';  but  thk  Aivinon  was  purely  ma-  reign  of  the  Emperor  Yao,  about  three- 

themaiieal,  the  consteUationa  of  the  lO-  and-twenty  centuries  before  the  Chris- 

diae  remaining  unchanged.  tian  era, — an  antiquity  still  too  great 

The  circumstance  above-mentioned,  to  be  easily  admitted.  Vfe  have  seen 
that  under  the  Emperor  Tchuen-hiu,  that  the  beginning  of  the  cycle  of  sixty 
spring  be^aa  with  the  passage  of  the  sun  years,  which  the  common  tradition 
into  15^  Aquarii,  appears  to  Bailly  ano^  refers  to  Fo-hi,  is  fixed  by  the  Tri- 
tiier  proof  of  the  connexion  between  bunal  of  Mathematics  more  than  eighty 
the  astronomy  of  India  and  China.  The  years  after  the  Emperor  Yao ;  and  we 
Indians  who  made  use  of  a  sidereal  year,  ma^  probably  bring  down  to  an  see  pos- 
fized  the  beginning  of  their  year  at  the  tenor  to  this  prince,  the  date  of  the  Ko- 
entry  of  the  sun  into  the  beginningof their  tou  and  the  Koua,  certain  mysterious 
sodiac,  which,  as  wc  have  just  seen,  was  figures,  supposed  t^the  Chinese  literati 
determined  entirely  by  the  fixed  stars ;  of  all  ages,  to  contain  important  astro- 
now,  in  consequence  of  the  phenomenon  nomical  truths.  Unfortunately,  these 
called  the  precession  of  tl^  eauinoxes,  figures,  if  they  have  any  meaning,  have 
the  beginnmg  of  this  zodiac,  which  was  long  ceased  to  be  intelligible,  and  the 
marked  by  a  certain  fixed  star,  appeared  commentary  of  Con-Fu-Tso  on  them  is 
to  move,  from  year  to  year,  at  the  rate  fKjually  obscure*.  The  most  eminent 
of  about  50^  annually,  (the  Indians  literati  of  the  empire  have  in  vain  tor- 
supposed  54^0 ;  and  if,  at  some  remote  tured  their  imagination  to  decipher 
time,  the  beginning  of  the  year  coincided  these  enigmatical  records ;  and,  even  in 
with  the  winter  smstice,  some  centuries  Europe,  they  have  exercised  the  ingenuity 
later  it  would  coincide  with  the  vernal  of  a  celebrated  philosopher.  £eibnitx 
equinox.  Now,  the  Indians  suppose,  imagined  that  he  had  found  in  the  Koua, 
that,  in  the  year  3 1 02  b.  c,  the  begmning  which  are  groups  of  straight  lines,  some 
of  their  zodiac  was  in  6^  Aquarii :  in  continuous,  others  disjoined  in  the  mid- 
the  time  of  Tchuen-hiu,  it  would  be  die,  (the  straight  and  broken  lines  being 
pretty  near  1 5^  Aquarii,  and  the  Indian  combined  in  a  variety  of  ways  J  a  system 
year  at  that  time  would  begin  with  the  of  binary  arithmetic.  This  is  a  conjee- 
passage  of  the  sun  through  that  spot  in  ture,  perhaps  rather  specious,  but  cliffi- 
the  heavens.  This,  as  we  have  just  cult  to  establish  by  any  solid  reasons, 
seen,  was  the  moment  at  which  Tchuen-  After  all,  it  is  little  better  than  a  waste 
hiu  fixed  the  beginning  of  the  Chinese  of  time  to  employ  it  in  speculating  on 
year.  The  explanation  of  Bailly  is  in-  the  meaning  of  characters  which  have 
genious  and  plausible ;  but  it  is  difficult  long  been  unintelligible  to  those  who 
to  admit  the  extreme  antiquity  which  the  enjoyed  the  best  opportunities  for  deci* 
reality  of  this  determination  by  the  Chi-  phering  them.  There  are  more  interest- 
nese  necessarily  implies.  ing  records  of  the  time  of  Yao,  to  be 

Thoudi  Graubil  rejects  the  conjuTic-  found  in  the  Chou-king,  an  extremely 
tion  of  Tchuenhiu,  he  seems  to  think  ancient  work,  one  chapter  of  which, 
that  the  beginning  of  civilization  in  called  the  Yao-tien,  is  said  by  Gaubil  to 
China,  and  the  earliest  observations  of  have  been  composed  either  in  the  time  of 
the,  stars,  are  at  least  as  old  as  this  this  emperor,  orvery  shortly  aft  erwardsf* 
emperor,  though  later  than  the  time  at  From  a  passage  of  this  chapter,  it  very 
which  Fou-hi  |is  placed.  For  it  would  clearly  appears  that  the  solar  year  was 
seem  that  the  stars  Tay-y  and  Tien-y  of  fixed  at  the  length  of  36  5|  days,  and  a  me- 
ttle Chinese  catalogues  have  been  succes-  thod  of  intercalation  adopted  to  reconcile 
sively  observed  in  the  pole.  It  is  not  the  motions  of  the  sun  and  moon.  Un- 
easy to  identify  either  of  these  stars  with  fortunately,  the  intercalation  used  is  not 
any  contained  in  the  modem  European  explained ;  but  Gaubil  thinks  that  it  was 
catalogues;  but,  according  to  Gaubil,  the  insertion  of  seven  months  in  nineteen 
the  first  was  in  the  pole  about  the  year  solar  years, — a  period  which,  according 
2259,  the  second  about  2669  b.c.  fiut  to  him,  has  been  known  in  Cliina  from 
about  285  0,  the  star  «  Draconis  was  polar  the  most  remote  antiquity  p  In  this  he 
star ;  this,  however,  is  net  marked  as  is  confirmed  by  the  (Jhinese  anrnds, 
having  been  such  in  the  Chinese  sphere, '  which  attribute  directly  the  intercalation 
and  hence  Craubil  deduces  thattheu-ob-  in  questionto  the  Emperor  Yao  J.  Itisre- 

servations  are  subsequent  to  this  tune.        •sondet.  yokiii.  p.2,e«M9. 

According    to   the  opinion   of    the  t  Soadet,  vol.  lu.  p.  6. 

astronomer  just  mentioned,  the  authen-  J  lf^liR^}i'^'lVhP,\^  ^^^  ^^*     . .    • 

A'      !•  i.      .  *  ^  nu-        u  ^^          •*.^.    J.I-  I  In  Uita  period  the  raontht  were  altematelTof 

tic  JllStOry  of  i/tuna  begins    with   the  t«reiit7.oliit  and  thirty  dayij  etch  moDtbboxTtii« 
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markable thatthisperiod  ofnineteenyears  itself,  and  still  mate  M  ih)m  the  eirenm- 

seems  to  have  been  known  at  an  early  stances  which  are  recorded  as  attending' 

time  to  most  of  the  eastern  nations.   We  it.    It  is  said  that  the  emperor  was  so 

shall  find  itinthetablesoflndiaandSiam;  irritated  against  two  great  officers  of 

and  we  have  the  testimony  of  Geminas  state,  who  had  neglected  to  predict  the 

to  its  being  used  amon^  the  Chaldseans.  eclipse,  that  he  put  them  to  death  on 

According  to'  Gaubd,  the  invention  this  account;  though  some  writers  have 
of  the  Chinese  zodiac,  divided  into  insinuated  that  he  was  influenced  by  po- 
twenty-seven  constellations,  is  to  be  litical  motives,  for  which  the  neglect  of 
referred  to  Yao* ;  and  so  it  would  seem  the  prediction  merely  served  as  a  pre- 
is  the  estimation  of  the  obliquity  of  text.  It  would  be  a  most  curious  and 
the  ecliptic  at  twenty-four  Chinese  de-  important  fact,  could  it  be  clearly  made 
grees*^.  It  is  necessary  to  explain,  that  out,  that  in  the  time  of  Tchong-kang, 
tne  Chinese  degrees  dtfiPer  slightly  from  the  Chinese  had  methods  for  the  pre- 
ours :  instead  of  dividing  the  circum-  diction  of  eclipses :  as  to  the  method  it- 
ference  of  the  circle  into  360^,  they  have  self,  tiiere  would  be  little  doubt  that  it 
divided  it  into  365f  parts ;  the  object  of  was  by  means  of  the  period  of  nineteen 
which  rather  singular  division  seems  to  years.  Unfortunatd;^  there  is  some  dif- 
have  been  to  facilitate  the  calculation  of  nculty  in  verifying  this  eclipse,  as  th^e 
the  sun*s  longitude,  corresponding  to  is  an  uncertainty  about  the  date  of 
each  dav  of  the  yearj.  For,  as  they  Tchong-kang,  amounting  to  twenty  or 
supposed  the  motion  of  the  sun  in  its  thirty  years.  Father  Gaubil,  who  has 
orbit  to  be  uniform,  and  as  they  had  written  a  dissertation  expressly  on  this 
£xed  the  length  of  the  solar  year  at  365^  eclipse,  fixes  it  in  2155  b.  c*  :  the 
days,  it  is  evident  that  the  sun  would  Chmese  annals,  translated  by  De  Mailla. 
describe  daily  exactly  one  Chinese  de-  in  2159 1:  most  of  the  Chinese  astro* 
gree.  It  is  evident,  from  the  text  of  nomers,  particularly  Cocheou-king;  the 
the  Chou-king,  that  in  the  time  of  Yao,  greatest  of  them  all,  in  2128.  Accord* 
not  only  couB  the  Chinese  distinguish  ing  to  Gaubil,  the  eclipse  was  observed 
the  equmoxes  and  solstices  by  the  length  in  the  constellation  Fans^,  (corresponcfing 
of  the  days  and  nights,  but  that  these  to  Scorpio,)  in  the  nintn  moon :  thongh 
phenomena  were  marked  by  a  reference  it  is  to  be  noticed,  that  the  literal  trans* 
to  certain  stars.  The  text  does  not  lationofthe  text,  as  given  by  DeMailla, 
mention  how  these  stars  mark  the  pas-  places  it  simply  in  autumn.  From  a 
sage  of  the  sun  through  the  colures ;  comparison  oi  all  the  aulhorities,  it  is 
with  regard  to  the  winter  solstice,  and  evident  that  vre  may  fix  it  near  the  au* 
perhaps  the  two  equinoxes,  it  appears  tumnal  equinox,  in  the  fifth  year  of  the 
that  they  designated  them  by  their  pas-  reign  of  the  Emperor  Tchong-kang.  The 
sage  over  the  meridian  about  six  in  the  Question  is,  to  find  exactly  the  date  of 
evening :  but  as  the  stars  are  not  visible  this  emperor.  Now,  the  text  of  the  an- 
at  six  at  the  summer  solstice,  Bailly  dent  book,  the  Chou-king,  does  not 
supposes,  that  to  mark  this  season,  they  enable  us  to  do  this  with  precision ;  but 
took  Antares,  which  then  passed  the  the  Tcheou-tchou,  a  work  of  less  anti- 
meridian  about  eight  in  the  evening  §,  quity,  though  still  ven^  old  {,  refers  the 

The  reign  ofthe  Emperor  Tchong-kang,  eclipse  in  question  to  the  year  2128,  and 

the  grandson  of  Yao,  is  memorable  in  even  fixes  the  veiy  day  on  the  first  of 

Chinese  history  from  the  observation  of  the  ninth  moon  (.    This  date,  as  Gaubil 

a  solar  eclipse,  which  is  interesting  in  admits,  is  preferable  to  any  other ;  but 

luune  ofthe  .ign  into  which  the  .an  entered  at  its  J?®  rejects  it  in  favour  of  the  year  2 166. 

end.  When  a  month  finished  without  the  sun's  [)ecause  the  tables  of  Halley  give.  On  the 

entering  Into  the  sign  of  which  it  bore  the  name,  former.  Only  a  verV  small  ecHpse  of  not 

then  they  intercalated  a  month.  ^      au-.-.       j*^* a   ^i i^      -d -i.  *u* 

•The  Chinese  astronomers  in  general  fix  the  be-  "1^6  than  a  digit  and  a  half.     But  ttua 

ginning  of  their  sodiac  In  the  constellation  uiu  argument  cannot  be  decisive,  as,  in  cal- 

(from  l»o  to  29®  Aquarli) :  now,  in  the  time  of  — Z_____«_____-__^___^_— 
Yao,  the  winter  loUuce  was  certainly  in  this  con-        •  Souciet,  Yol.  ii.  p.  140. 


stellation :  hence  Oaubil  considers  Yao  as  the  t  Vol.  i.  p.  137. 
founder  of  the  Chinese  astronomy,  it  being  highly  %  Certainly  not 
probable  that  originally  the  winter  solstice  coin-         i  18th  Oct.  2\&  b.  c.   It  Is  to  be  noticed,  thae 


elded  with  the  origin  of  fhe  lodiac.  the  text  ofthe  Chou-king  Is  very  differently  trana- 

t  Equal  to  23°  38'  1  r  of  our  division.  lated  by  Gaubil  and  by  De  MalUa  (vol.  1.  p.  137.) 

t  Carlini,  Tayole  del  Sole,  p.  1.    Milano,  1810.  According  to  the  latter,  the  eclipse  was  not  merely 

(  In  this  case,  the  star  Ho,  menUoned  by  Yao  near  the  equinox,  but  on  the  very  day.    This,  if 

M  marking  the  summer  solstice,  would  correspond  true,  would  quite  exclude  the  eclipse  of  31S8,  and 

to  the  modern  constellation  Slug,  and  not  Fang,  as  force  us  to  remount  to  that  of  2159 ;  but  we  prefer 

It  is  explained  by  the  Chinese  Interpreters.    V.  following  the  Interpretation  of  Gaubil,  who  was 

Bailly,  Hist.  del'Astron.  Ancieniie,Soppl.p,949i  not  merely  a  good  astronomer,  but  profoandlv 

tad  OaobU  la  S9iiclct,  tol.  ill.  p.  6,  Tcn«d  ta  the  Cblnete  wA  Maadcboa  laogoagw , 
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eolatinf  for  sneh  remote  periods  from  to  the  data  here  giTen,  the  proper  cor- 

the  best  modem  tables,  (and,  A/orttori^  rections  for  the  sud*s  semi-diameter  *,  re- 

from  those  of  Halley,)  it  is  impossible  fraction,  and  parallax,  we  get  for  the  re- 

to  be  certain  of  the  magnitude  of  the  spective  zenith  distances  observed,  10^ 

edipse,  the  uncertainty  may  amount  to  53'  7''  and  58*^  40^  46".    Half  the  sum 

some  dibits ;  and  in  faet  the  tables  of  of  these  quantities  will  give  us  the  lati- 

Lemonnier  give  an  eclipse  of  more  than  tude  of  Loyang, — half  their  difference, 

four  digits  *.  These  considerations  seem  the  obliquity  of  the  ecliptic  observed, 

prelty  decisive  in  favour  of  the  year  Theformer,then,wefind34°46'55^and 

2 1 28,  if  indeed  such  an  observation  ever  the  latter,  23^  53'  47".  Now,  the  latitude, 

were  made;  to  which  its  extreme  anti-  as  determined  by  the  observations  of  the 

'<;^uity,  and  the  long  silence  as  to  any  missionaries,  is  34°  46'  15"t:  the  obli- 

similar   observation   which  follows  iC  quity  of  the  ecliptic,  calculated  for  the 

form  very* weighty  objections  t.  year  1100  b.c.  from  the  formulae  founded 

Indeed,   admitting  the    eclipse    of  on  the  theory  of  univ^al  gravitation,  is 

Tchong-kang,  it  seems  quite  inexpli-  23°  49'  42".    The  agreement  of  the  Uu 

cable  that,  during  the  ten  centuries  fol-  titude  and  obliquity  deduced  from  the 

lowing,  not  a  single  observation  or  fact  observations  of  Tchou-kong,  with  those 

connected  vrith  astronomy  is  to  be  found  just  given,  is  really  remarkable ;  and  it 

in  the  old  Chinese  histories  {•     This  is  easy  to  show  that  this  agreement  could 

circumstance  will  ]^robably  appear  to  not  be  the  result  of  artifice ;  for  at  the 

many  conclusive  against  the  early  science  time  Gaubil  wrote,  not  only  was  the  law 

of  the  Emperor  Yao,  and  his  immediate  of  the  diminution  of  the  obliquity  un- 

successors ;  and  any  scepticism  on  this  known,  but  the  verv  fact  of  such  a  di« 

point  must  be  considerea  as  very  justi-  minution  was  mucn  doubted :  he  could 

fiable.    But  in  the  regency  of  Tchou*  not  then  have  forged  observations  to 

kong,    about   eleven   centuries   before  represent  it.    But  indeed  such  a  suspi- 

Christ,  we  meet  with  observations,  of  don  is  not  likelv  to  enter  the  minds  of 

the  authenticity  of  which  little  doubt  can  those  who  are  fomiliarwith  his  works, 

be  entertained,  and  whksh  are  among  The  good  faith  of  the  Chinese  is  much 

the  most  interesting  transmitted  to  us  more  doubtful;    but  the  argument  we 

by  antiquity.    It  appears  from  a  memoir  have  just  used  with  regard  to  the  Jesuit 

of  Gaubil,  first  printed  in  the  Connois-  will  apply  vrith  much  more  force  to 

sancedes  Temps  for  1809,  that  at  the  them. 

town  of  Loyang,  now  called  Hon-an-fou,  We  have  also  some  observations  of 
Tchou-kong  found  the  length  of  the  sha-  Tchou-kong  on  the  position  of  the  winter 
dow  of  the  gnomon  $  at  the  summer  sol-  solstice,  with  regard  to  the  fixed  stars, 
stice  equal  to  one  foot  and  a  half,  the  This  he  placed  at  two  Chinese  degrees}, 
gnomon  itself  being  eight  feet  in  height  within  the  constellation  Nu,  which  be- 
According  to  a  tradition  not  quite  so  gins  vrith  the  star  called  i  Aauarii6. 
certain,  the  shadow  at  the  winter  solstice  Hence  it  appears  that  he  made  ttie  right 
was  thirteen  feet.  The  exact  date  of  ascension  of  that  star  about  268°  1'  44'^ 
these  observations  is^  not  known ;  but  If  we  calculate  the  place  of  the  star  for 
we  may  suppose  them,  without  any  sen-  the  year  1100  b.  c,  from  the  most  ac- 
sible  error,  to  have  been  made  about  curate  formulae,  we  shall  find,  for  its 
the  year  1100  b.  c. I    Applying,  then,  right  ascension,  268^  47' 14".    The  error 

•LetuEdif.v.xxvi.p.279.  Pari.. »  "o^  ?«**»  Considering  the  uncertainty 

i  Compare  La  Place  (Syat.  da  Uonde,  Ut.  t.  as  to  the  exact  year  of  the  observation, 

cUp.  1.)   Deiamb.  Aat.  Anc.  vol.  I.  p.  868.  and  the  difficulty  of  referring  the  solstice 

t  A  solatlce  marked  aa  having  been  observed  in  *_  au^  fiw-j  .^^^      "Wr«  A^  «^*  i»«.rv«.  4k» 

the  year  1643  a.  c,  appears  to  be  a  calculation  of  tO  the  ftxed  StSTS.     We  dO  UOt  kUOW  the 

much  later  astronomers,  and  interpolated  fVom  a  method    employed    for  this  purpOSe  by 

rS'tSin;Srr3h'S:.Srfr?r.JJn?^A°5  Tchou-kong,    ^  ancient  Chinese  cer- 

Similar  supposititious  solstices,  sec  Cotudet  Ttmpt  taiuly  used  clepsydrsB  for  the  divisiou  of 

pour  ItiOS.    Addit.    They  all  seem  to  have  been  fime ;    and    the    obviouS  inaCCUraCV    of 

t™"!:u^S;?'  ""  ""^  "'  "'"•^  "^  "^  »uch  an  inatrument  would  account  for 

i  The  gnomon  Is  essenttallT  composed  of  some  a  large  part  of  the  error.  I 

vertical  object,  aa  an  obelislr.plUar,  Ac,  the  shadowr  a   curious  fracment  of  the  Tchou-n«V 

cant  by  which  Is  received  on  a  carefoUy  leveUed  ho-  ^  CUnous  iragnicni  ui  uw  -J «""«  Pey 

rltontal  plane  :  the  trigonometrical  Ungentof  the  — a  WOrK  VHTltten  moro  than  inree  Ceu- 
snn's  apparent  altitude  Is  equal  to  the  length  of 


the  shadow  divided  bv  the  length  of  the  gnomon.  4        *  TfU  the  time  of  Cocheou-king,  a.d.  1280,  th« 
I  Fr^et,  in  accordance  with  Gaubil,  places  Uie     Chinese  only  measured  the  length  of  the  pure  sha* 
regency  of  Tchou-kong  from  1104  to  l<w8  (Conn,     dow/— V.  Gaubil,  CoMUittaneedet  Tempt,  1809. 


des  Tempa  pour  181 1.   Add.  p.  432).    The  Chinese        f  V.  Coon,  des  Temps,  1809,  p.  S94. 
annaU  make  it  beglnin  U15,  V.  Pt  If  ailla,  vol.  1.        x  £ach  degrea  «-  Stt'^S"  of  our  division. 
P-S79.  .1  Lett.Eaflant.vol.iZTi.p.100. 
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tunes  before  Christ^hiis  been  supposed  as  the  year  108  b*c^  are  stiB  in  «B4t- 

to  attribute  to  a  philosopher  contempo-  ence ;  but  the  reader  who  wishes  to  inn 

rary  with  Tchou-konz  a  knowledge  of  the  vestigate  their  tables  and  methoda*  is 

famous  property  of  the  right-angled  tii-  referred  to  the  treatises  of  Gaubil  on 

angle.    In  this  fragment,  the  philosopher  this  subject,  in  the  second  and  third 

mentionedcondudes,  that  if  the  two  sides  volumes  of  the  collection  of  Souoiet. 

of  a  right-angled  triangle  are  respectively  We  shall  only  notice  here  the  method 

equal  to  3  and  4,  the  base  will  be  equtd  of  establishing  their  epochs,  followed  by 

to  5.    Here  we  must  remark,  that  the  all  the  Chinese  astronomers,  anterior  to 

numbers  3  and  4  are  not  taken  at  ha-  Cocheou-king,  above  mentioned ;  and 

zard,  but  selected  from  some  mysterious  we  will  take,  as  an  example*  the  trea- 

eonnexion  supposed  by  Con-fu-tso   to  tise  of  Lieou-hiu,  the  most  ancient  of 

exist  between  these  numbers  and  the  those  now  extant    The  epoch  of  these 

universe*.    Gaubil  concludes,  that  in  tables  is  a  general  oogyunotion  of  the 

the  time  of  Tchou-kong,  the  Chinese  sun,  moon,  and  pluiets,  the  moon  being 

had  methods  for  the  resolution  of  ri^ht-  on  the  ediptic,  about    143127  years, 

angled  triangles,  though  spherical  trigo-  before  the  year  104  b.c»*    This  latter 

nometry  was  unknown  to  them  till  the  seems  to  be  the  real  epodi  of  his  tables : 

time  of  Cocheou-king,  twelve  centuries  the  other,  it  is  scarcely  necessary  to  ob» 

after  Christ.  serve,  is  obtained  by  calciUating  baek 

The  history  of  Con-fu-tso,  which  ex-  from  the  year  104  b.c,  with  thi  mean 

tends  from  720  to  481  b.  c,  records  motions  found  for  the  different  plaaeta, 

several  eclipses,  of  which  a  good  many  till  a  general  conjunction  waa  obtained, 

have  been  verified  by  modern  astrono-  This,  as  we  have   noticed,    was  the 

mers;    others   appear   to   have   been  method  usually  followed  by  the  Chinese; 

marked  in  the  wrong  month ;  from  the  but  sometimes,  in  order  to  avoid  such 

rough  way  in  which  all  are  given,  the^  large  numbers  as  that  just  ^ven,  they 

can  only  serve  to  fix  the  dates  of  Chi-  would  content  themselves  with  a  very 

nese  chronology,  and  to  show  the  assi-  rough  approximation  to  a  general  con* 

duity  with  which  these  phenomena  were  junction,  and  n^leot  the  errors  arising 

noticed  at  so  early  an  age.    The  most  on  the  mean  motions,  as  too  small  to 

interesting   observation  of  this  period  be  noticed ;  which,  if  the  epoch  were  at 

regards  the  position  of  the  winter  sol-  all  distant,  they  would  really  be.    The 

tice,  which  was  placed  in  the  beginning  pretended  general   coiOuk^^^^^Q  ^^  the 

of  the  constellation  Nieou,  the  first  star  reign  of  Tchuen-hiu,  above  notraed,  is, 

ofwhichwasACapricomi.  Now,  as  there  in  aU  likdihood,  an  epoch  obtained  in 

can  be  no  doubt  that  the  astronomers  this  way.    In  the  astronomy  of  Lieou* 

who  found  this  position  of  the  solstice,  hiu  we  find  Uie  c^^cle  of  nineteen  veara 

were  acquainted  with  the  observations  very  clearly  explained;  and,  indeed,  not 

of  Tchou-kong,  who  placed  it  at  2°  from  only  this,  but  the  period  of  seventy-six 

I  Aquarii,  nearly  9°  of  longitude  distant,  years  proposed  in  Grreeoe  by  Callippus, 

it  seems  evident  that  they  must  have  was  known  in  China  before  the  Chnstiaa 

perceived  the  apparent  retrogradation  seraf. 

of  the  solstices  and  equinoxes.  Such  is  It  seems  that,  about  the  year  164  alter 
the  conclusion  drawn,  and  apparently  Christ,  the  Chinese  l)egan  to  have  oom- 
with  reason,  by  Graubil'*'  and  La  PiaceJ;  munication  with  subjects  of  the  Roman 
but  in  this  case,  it  seems  strange  that  empire  I ;  and  it  is  worthy  of  notice* 
the  astronomers  of  the  Hans,  two  that  very  shortly  afterwanu  some  im- 
centuries  l)efore  Christ,  should  have  portant  reforms  were  made  in  their  as- 
been  ignorant  of  the  effects  of  preces-  tronomy.  They  now  ascertained  the  ec- 
sion.  centricity  of  the  solar  orbit,  the  pnn- 
.  Subsequently  to  this  time  the  Chinese  cipal  inequality  of  the  moon,  and  a  more 
astronomy  ceases  to  possess  the  same  exact  value  of  the  solar  year ;  and  we 
interest  for  us :  as  it  has  always  re-  now  find,  for  the  first  time,  a  distinct 
mained  in  so  rude  and  imperfect  a  state,  account  of  precession;  a  phenomenon, 
that  nothing  but  the  antiquity  of  the  de-  however,  with  which  we  believe  they 
terminations  to  be  found  in  their  books  must  have  been  acciuainted  long  k>efore. 
could  make  them  worthy  of  attention.  That  some  of  the  discoveries  lust  men- 
Complete  astronomical  treatises,  as  early  tioned  were  introduced  from  the  west  is 

•  Lett.  Ed.  p.  117.  The  numben  a.  4,  ami  fi,  o^^X  »  conjecturc;  but  it  is  a  conjecture 

muitipUed  Into  each  other,  giTesu—thtBumbcr  of  which  derives  considerable  force  nrom 

yean  of  the  Chinese  cycle.  — ■  ■■      .  -■■  ■ ■   ■■   ^  ■■  — 

i  Lett.  Ed.  xzTl.  p.  247.  ed.  Parl«,  •  Soadet,  ToL  iU  p.  IS. 

t  Mecan.  Celflst,  toL  T.  p.  246.  f  Ihkt,  p.  31.             $  Ibid.>  p.  24. 
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the  dfOUButanoe,  that  during  the  whole  appears  that  the  epoch  of  these  tables  is 
interval  between  the  second  and  thir-  the  21st  of  March,  638  a.d.,  at  the  mo- 
teenth  centuries  after  Christ,  the  Chi-  nlent  that  the  sun  entered  the  bepn- 
nese,  though  continuing  to  observe  with  ning  of  the  zodiac ;  for  the  Siamese,  hke 
assiduity,  made  little  or  no  progress,  all  the  Indians,  had  a  zodiac  of  twenty- 
and  certainly  not  one  discovery.  Their  seven  signs  or  constellations,  the  position 
greatest  improvemenU  did  not  go  be-  of  which  waa  entirely  determined  by  the 
yond  some  trifling  ameliorations  in  the  fixed  stars,  and  which  had,  from  the 
elements  of  their  tables.  Those  who  effects  of  precession,  a  progressive  mo- 
feel  any  curiosity  to  examine  their  ob-  tion  in  longitude,  successively  occupying 
servations,  will  find  in  the  works  of  different  situations  with  regard  to  the 
GaubiU  edited  by  Souciet,  and  in  the  equinox.  They  had  also  a  division  ef 
Connoissance  des  Tempt  for  1809,  a  the  zodiac  into  twelve  signs,  but  this 
considerable  quantity  of  observations  of  seems  to  have  been  merely  an  abstract 
solstices  made  with  the  gnomon,  and  of  mathematical  division  for  purposes  of 
solar  eclipses ;  with  some  notices  of  oc-  calculation ;  and  these  twelve  signs 
cultations.  of  comets,  and  of  appulses  of  were  by  no  means  identified  with  any  of 
Jupiter  to  the  fixed  stars.  Of  these  the  the  constellations.  The  epoch  once  de- 
most  important  are  the  observations  of  termined,  the  Siamese  calculate  the  mean 
the  gnomon ;  some  of  which  have  been  motions  of  the  sun  and  moon  by  means 
used  by  La  Place  to  determine  the  di-  of  two  periods ;  the  first  of  800  years 
minution  of  the  obliquity  of  the  ecliptic  comprising  292207  days ;  the  second,  of 
to  the  equator.  19  years  corresponding  to  236  lunar 
The  conquest  of  China  by  Gent-Chis-  revolutions.  The  first  gives  us  a  sidereal 
khan,  who  brought  with  him  men  well  year  of  365*  6^  12»  30*,  about  3»  24* 
versed  in  the  astronomy  of  Ptolemy  and  greater  than  the  real  value :  in  the 
the  Arabs,  gave  a  fresh  impulse  to  the  second  they  appear  to  have  taken  the 
languid  state  of  the  Chinese  astronomy ;  tropical  year  as  equal  to  365i  days ;  the 
but  the  ameliorations  then  introduced  lunar  revolution  being  supposed  equal 
bek)ng  rather  to  the  history  of  the  mid-  ^o  29*12*^44- 3-. 
die  ages.  It  is  time  now  to  turn  to  a  The  tables  of  Chrisnabouram*  offer 
people  whose  astronomical  reputation  little  remarkable ;  we  do  not  find  in  them 
IS  greater,  though  perhaps  less  deserved,  the  Siamese  period  of  nineteen  years, 
than  that  of  the  Chinese.  but  a  method  of  intercalation,  which 

has  the  same  object.    The  solar  apogee, 

Chaptbr  II.  which  the  Siamese  consider  fixed,  is 

_.    ...  here  supposed  moveable,  though  its  mo- 

The  Indtana.  ^^^  j^  ^^^^^  tj,j^n  jt  ^^^^  t^  b^^  ^. 

SoMB  learned  men  have  been  disposed  cording  to  our  observations.  The  mean 
to  attribute  an  extraordinyy  antiquity  motions,  differ  very  considerably  firom 
to  the  cultivation  of  astronomy  in  India,  those  of  the  Europeans;  but  it  is  re- 
This  opinion,  which  is  founded  upon  the  markable  that  the  error  for  the  sun  and 
elements  of  astronomical  tables  brought  f^y  ^^e  moon,  in  a  given  interval,  is  the 
from  India,  has  been  supported  at  great  ^^m^,  so  that  tibe  calculation  of  the  time 
length  and  with  much  ingenuity  by  M.  ^  an  eclipse,  which  seems  to  be  the 
Bailly,  in  a  work  professedly  on  this  principal  object  of  all  the  Hindoo  astro- 
subject  ;  which,  though  it  may  contain  nomers,  is  little  affected  by  it.  The 
errpneous  conclusions,  must  always  be  ^poch  of  these  tables  is  fixed  at  sun-rise, 
considered  as  a  model  of  elegance  in  ^^  t^e  10th  of  March,  1491  a.d.  The 
scientific  composition.  The  tables  m  tables  of  Narsapur  resemble  a  good  deal 
which  the  elements  of  the  Indian  astro-  those  of  Siam:  they  have  the  same  pe- 
nomy  are  to  be  found  have  been  brought  ^od  of  800  years  containing  292207 
into  Europe  at  various  times :  the  earliest  ^^ys  ;  but,  instead  of  the  second  period 
known  were  those  imported  from  Siam  ^f  the  Siamese  Tables,  they  calculate 
by  M.  de  la  Loubire,  the  French  envoy,  the  moon's  motion  directly  by  supposing 
on  his  return  from  a  mission  to  that  that  she  makes  800  revolutions  in  21857 
country  about  the  year  1687.  These  ^^yg^  Xhis  gives  a  sidereal  revolution 
tables  nave  been  analysed  and  explained     _ — . 

bv  D  Cassini  (in  the  Memoir eM  de  fAcO'  •  sent  f^om  Indta  by  p.  Dnchtinp.    Cbrlsnabou. 

j«    J     j^^  Cf^\»,^M^    ir^m   wiii  \     stnt\  his  rim  !•  atown  of  the  CariMitic:  Namapor  Is  In  the 

dSmte  dee  Sctencei,  torn,  yui.),   ana  niS  JJ^^^     ^^  Mamullpatnem  :  Xlrvalor.  l.  near  Pon. 

explanation  has  been  adopted  Wltn  some  dicberry.     Tbe  original  translation  of  ublea  of 

immRtarial   alterations    bv  Bailly*.     It  CbrUnabouram  into  French,  from  Sanscrit,  by  Du- 

immaienai  Mwrwion»   uy  ^«i*i/  ^^^^^^ ^^^ ^^^^ ^ ^^ ^^ ^^ ^ Aitrono«i# 

•  Aitroo.  Xodlf  on«,  «ha  p.  I.  Iiidi«iins  of  Bailly. 
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of   2^^  7^  42™  36*  considerably   too  semblance  in  all  the  elements  of  the 

great ;  and,  indeed,  the  Brahmins  seem  solar  orbit,  as  given  in  these  tables, 

to  have  perceived  the  necessity  of  cor-  though  those  of  the  hinar  orbit  differ, 

reeling  the  mean  motions  here  assigned,  We  find  the  same  mean  motion  of  the 

¥^hich  they  do  by  renewing  their  epoch  sun  in  aU,  the  same  length  of  the  year, 

every  eighty-seven  years :  at  least  in  the  same  equation  of  the  centre"*.    The 

these  tables  of  Narsapur  there  are  two  coincidence  is  too  striking  to  be  for- 

epochs,  the  one  in  1569,  the  other  in  tuitous,  and  proves,  that  the  tables  of 

1656.  the  sun  have  been  taken  from  the  same 

The  most  curious  of  all  the  Indian  source,  while  those  of  the  moon  have 
tables,  are  those  brought  fromTirvalore  undergone  various  alterations. 
by  M.  Le  Gentil,  and  analysed  at  length  IV.  All  the  Brahmins  versed  in  astro- 
by  i  Bailly  in  his  Indian  Astronomy  *.  nomy  agree  in  considering  these  tables 
llie  epoch  of  these  tables  is  the  year  as  borrowed  from  ancient  works,  and 
3102  oefore  Christ :  at  which  time,  they  principally  from  one  called  the  Surya 
suppose  a  general  conjunction  on  the  Siddhantat :  a  work  that,  in  the  time  of 
ecfiptic  of  the  sun,  moon,  and  planets.  Bailly,  was  supposed  to  be  guarded  with 
^e  object  of  the  construction  of  these  great  jealousy,  and  to  be  entirely  shut 
tables,  like  all  those  of  the  Indians,  up  from  all  but  a  few  learned  men.  This, 
seems  to  be  the  calculation  of  eclipses ;  however,  turns  out  not  to  be  the  case : 
their  methods  have  been  explained  at  the  work  in  question  is  rare,  but  that 
length  by  Bailly  and  Le  Gentil :  and  the  and  many  other  treatises  on  the  same 
latter  of*^  these  astronomers  has  applied  subjects  nave  been  procured  by  English- 
their  methods  to  an  eclipse  really  ob-  men  resident  in  India;  and  an  interest- 
served  by  himself  in  India;  the  error  he  ing  analysis  of  the  Surya  Siddhanta, 
found  to  amount  to  about  twenty-two  though  not  so  complete  as  mieht  be 
minutes  of  time.  wished,  is  to  be  found  in  the  Asiatic 

From  a  comparison  of  the  four  tables,  Researches];.  It  is  evident  from  an  in- 
just  mentioned,  Bailly  t  deduces  that  spection  of  the  extracts  given  by  Mr. 
they  have  all  one  common  origin :  and  Davis,  that  the  solar  tables  of  the  Car- 
on  this  head  his  arguments  are  pretty  natic,  which  we  have  been  discussing, 
conclusive.  He  remarks — I.  That  the  are  essentially  borrowed  from  the  Surya 
tables  of  Siam  contain  a  reduction  for  Siddhanta ;  m  this  latter  the  sidereal 
the  difference  of  meridians,  which  show  year  is  given  at  365^  6*^  12™  36*:  the 
them  to  have  been  borrowed  from  [a  greatest  equation  to  the  centre  at  2o  10' 
place,  which  has  about  the  same  longi-  32",  the  obliquity  of  the  ecliptic  at  24^. 
tude  as  Benares,  a  town  which  has  An  acquaintance  with  the  Surya  Sidd- 
been  always  looked  upon  by  the  Hin-  hanta,  and  the  other  systems  of  astro- 
doos  with  especial  veneration,  and  which  nomy  existing  in  Sanscrit,  puts  beyond 
seems  to  have  been  the  residence  of  a  doubt,  that  it  was  the  custom  of  the 
their  most  learned  men.  The  tables  of  Hindoos,  as  we  have  seen  it  was  of  the 
Tirvalore,  Chrisnabouram,  and  Nar-  Chinese,  to  take  for  epoch  a  fictitious 
sapur,  contain  no  reduction  of  this  kind,    

as    all   these  towns  lie  nearly  on  what  •  The  foUowlngU  a  compartoon  of  these  table.. 

appears  to  have  been  assumed  as  the  wtui  regard  to  the  toiar  orbit. 

first  meridian.  sidereal  Year.  Greatest  Equation 

II.  The  epochs  of  these  tables  are  so  d  h  m  .      **'****  ^"'^ 
wnnected  by  the  mean  motions,  that  ?a«b.»™«     ?2 1 15  IS        I S  S 
from  one  of  them  all  the  others  may  be  Nanapur            365  e  12  36        s  10  32] 
found  by  employing  the  mean  motions  T'^^^Sli^.^    .     2S  S  }?  S        ^  ^?  S 
of  the  tables  Vclrisnabouram.    This  suryasiddhanu   865  6  12  36        21032 

would  show  that  the  Indians  have  in  Modern  Eoropean  365  6  99         1  55  s« 

reality  only  one  epoch,  from  which  the  +  ThetermSiddhanUlsappUedbytheHlndooe 

others  havebcen  deduced  by  calculation ;  To  SfnewtT  '¥t^^  ^^U^A^ST^ 

and,  as    one    of  these    epochs   may   be  of  Sarya  (a  Hindoo  God,  repreeentlog  the  Sun)  ia 

obtamed  from  the  other  without  any  ^"PP^lli'iJ^!!^?"  "^iJ-lT*  ^L*^ 

^^.-.^^:^~    r       i\^      A'n*      ^         *           ^  tlon,  2,164,930  years  ago.    The  original,  which  ex- 

COrreCtlOn   lor   the    aifierence  of   men-  lits  in  Sanscrit,  (now  a  dead  language  In  India,) 

dians,    it   follows    that    all    these  tables  ^'^  ^^^^^  ^>^"  translated  into  any  European  Ian. 

have  been  originally  formed  for  the  pii-  ^•i,X'JSVrii£''^S^'tr^l  .t.o'SSr 

mitive  mendian.  reral  memoirs  in  the  Asiatic  Researches  quoted  in 

III.  There  is  an   extraordinary  re-  *!^»«J»«pte'-  peiame  may  be  said  of  other  an- 

^ ^  cient  astronomical  systems,  particularly  .that  of 

"                                                   — — — — "■  »  Brsmsgupta. 

•  Chap.  It.             t  Aflron,  Jnd.  chap.  r.  t  Vol  U.  p,  Z»»  I<ondoo,  4to. 
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general  coii)iiiM$tion  of  the  planets  ob-  pretended  aTitic|uity  of  the  Indian  tables*, 

tained  by  calculating  backwards,  with  Another  consideration    urged   by  the 

the  respective  mean  motions  attributed  author    of  the  Indian  Astronomy  is 

to  the  several  planets  by  tiie  authors  of  drawn  from  the  accuracy  with  wluch  he 

the  system.  No  doubt  can  remain  upon  affirms  the  places  of  the  sun  and  moon 

this  nead  after  a  perusal  of  the  memoirs  to  have  been  determined  for  the  epoch 

of  Messrs.  Bentley  and  Davis  in  the  given.    Very  little  stress,  however,  can 

Asiatic  Researches,  which  are  founded  be  laid  upon  this  argument,  for,  as  has 

on  an  examination  of  the  original  doeu-  just  been  stated,  we  cannot  be  certain  of 

ments.  the  plscen  calculated  from  our  tables  for 

However,    Bailly   has   devoted   the  the  time  of  the  Calyougam,  to  nearer 

greater  part  of  his  work  to  establishing  than  five  or  six  degrees,  and  this  is 

uie  point  that  the  epoch  of  the  Indian  about  the  quantity  by  which  the  posi- 

tables  in  the  year  3102  before  Christ  tions  given  by  the  Indians  differ  from 

was  not  imaginary,  but  founded  upon  ours.    Besides,  there  is  an  uncertainty, 

actual  observation.     The    talent    and  whether  the  assigned  longitude  of  the 

research  with  which  he  has  argued  the  sun  is  tiie  mean  or  true  longitude.    The 

question,  make  it  worth  while  to  five  most  specious  argument  brought  for- 

a  rapid  summary  of  the  proofs  he  nas  ward  as  to  the  epoch,  is  that  founded 

alleged,  and  some  remarks  upon  their  on  the  pretended  position  of  the  colures. 

insufficiency.     His  argument  may  be  Accordmg  to  Bailly*  the  position  of  the 

divided  into  two  parts,  I.,  as  it  regards  equinox  given  in  the  Indian  tables  for 

the  epochs  of   trie  tables;   II.,  as  it  the  Calyougam  is  such,  that  the  star 

regaras  the  mean  motions.  called  Aldebaran  was  in  359^  20'  of 

I.  The  nature  of  his  argument  with  longitude :   now  calculating   its  place 

regard  to  the  epochs  is  this.    The  posi-  from  the  modem  formulss  of  precession, 

tions  of  the  sun,  moon,  and  planets,  as  its  longitude  at  the  Calyougam  would  be 

well  as  the  position  of  the  solsticial  and  18'{:  an  agreement  which,  though  it 

equinoxial  colures   are    so  accurately  does  not  at  first  sight  seem  veiy  great, 

determined  by  the  Indians  for  the  time  was  the  more  remarkable,  because  the 

of  the  Calyougam*,  that  these  positions  Indians,  who  supposed  theprecessk>n  to 

must  have  been  actually  observed,  and  be  54"  annually,  could  not  have  obtained 

could  not  have  been  merely  the  results  it  by  calculating  back  from  a  modem 

of  calculation   in  later  times,  as  the  epoch.    But  it  turns  out  that  this  posi- 

Hindoos  have  never  possessed  that  high  tion  of  the  colures  for  the  Calyougam  is 

degree  of  science,  necessary  to  maike  merely  a  calculation  of  BaaAy  and  Le 

these  calculations  with  any  precision.  Gentil,  the  Indian  tables  only  giving  us  the 

But  have  they  in  reality  given  us  these  longitude  of  the  equinox  3600  years  after 

positions  for  the  Calyougam  with  so  the  Calyougamt;  whence  the  astronomers 

much  accuracy  ?    This  is  a  point  which  just  mentioned  nave  deduced  its  position 

it  is  necessary  to  examine.    Now  in  the  for  the  year  3102  B.C.    The  reader  will 

firstplace,  the  Indian  tables  give,  at  the  see  at  once  that  this  invalidates  the 

epoch,  a  general  conjunction  of  the  sun,  whole  of  the  argument  urged  by  Bailly. 

moon,  and  planets  ;  calculating  by  our  Indeed  the  consideration  of  the  epochs 

modem  tables,  we  find  such  a  general  alone  seems  quite  decisive  against  the 

conjunction  to  have  been  impossible,  pretended  observations   of  the    Caly* 

It  IS  true  that  for  times  so  distant  the  ougam.    The  equation  of  the  centre  of 

errors  of  our  tables  will  cause  an  un-  the  sun,  given  in  these  tables,  is  much 

certainty  of  five  or  six  degrees,  but  the  too  great  for  the  epoch  in  question ;  La 

calculations  of  Bailly  himself  show  that  Place  thinks  that  tnis  may  be  accounted 

the  planet  Venus  never  could  have  been  for  by  the  circumstance  that  in  eclipses 

in  conjunction  or  indeed  near  it  at  the  the  moon*B  annual  equation  increases 

time  specified,  making  every  allowance  the  sun*s  apparent  equation  of  the  centre, 

for   this  uncertainty;    and  even  with  by  a  quantity  which  is  very  nearly  equal 

regard  to  the  other  planets,  he  is  obliged  to  the  difference  between  the  equation  in 

to  content  himself  with  an  approxima-  question  as  f;iven  by  the  Indians,  and 

tion.     The  impossibility  of  this  pre-  uiat  which  may  be  deduced  from  the 

tended  conjunction  appears  to  La  Place  modem  tables   for  the  period  of  the 

in  itself  a  sufficient  reason  to  reject  the  Calyougam.    TMs  is  an  ingenious  ex- 


_  *  v.  Syst.  da  Monde.  Ur.  t. 

*  This  U  the  name  gtren  by  the  ladiana  to  their        t  BalUy,  chap.  y.  » 30. 
epoch  3102  b.c  i  V.  Aiiat.  Jletevch.,  vol.  U. 
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piamtion ;  bat  even  shotiklit  be  admitted  Thus,  for  example ,  we  may  rappbte  the 
as  satisfaetory,  the  arpiments  on  the  Indians  to  haTe  framed  these  tablet  in 
other  side  are  too  numerous  and  weifirhty  the  year  1491  a.o..  and  if  we  wera  to 
to  be  much  affected  by  it :  and  La  Place  find  the  mean  motions  ever  so, accurate, 
himself,  as  we  have  before  mentioned,  mi^ht  imagine  them  to  have  been  deter* 
does  not  hesitate  to  reject  as  fictitious  mined  by  a  thousand  previous  years  of 
the  epoch  of  3102  b.c.  The  equation  of  observation,  which,  while  it  would  fully 
the  centre  of  the  moon  presents  a  sus-  account  for  their  perfection,  would  make 
pioious  resemblance  to  that  of  Hipper-  the  origin  of  astronomy  in  India  consi- 
chus :  as  to  the  elements  of  the  oroita  derably  posterior  to  the  Christian  era. 
of  the  planets,  BaiU3[  himself  is  obliged  The  planets  Jupiter  and  Saturn  are 
to* confess  that  it  is  only  in  some  of  subject  to  a  long  periodic  inequality  of 
them  that  we  are  to  look  for  any  pre*  about  929  years :  but  it  is  clear  tiiat  this 
cision#  While  the  equation  of  the  cannot  be  of  much  assistance  to  us,  as 
centre  of  Saturn  agrees  pretty  well  with  many  of  these  periods  are  comprised 
theory,  on  the  other  hand  the  disagree-  between  the  Calyougam  and  the  present 
ment  presented  by  other  planets,  and  time ;  and,  according  to  La  Place,  the 
particularly  by  Mars  and  Jupiter,  is  very  mean  motions  of  these  planets,  as  gives 
striking.  But  the  limits  of  this  treatise  in'the  tables  now  under  discussion,  would 
do  not  allow  us  to  follow  Bailly  into  all  suit  equally  well  the  Calyougam,  and  the 
these  details,  particularly  as  the  results  year  1491*.  But  the  case  is  different 
are  in  general  of  a  very  unsatisfactory  with  regard  to  the  moon :  the  motion  of 
nature.  In  a  discussion  of  this  kind  one  this  satellite  is  subject  to  a  small  secular 
consideration  is  obvious ;  if  the  Indians  acceleration,  whicn  only  becomes  per- 
really  observed  the  positions  and  motions  ceptible  when  we  compare  her  places  at 
of  the  heavenly  bodies  somewhere  about  veiy  distant  periods  of  time.  This,  then, 
3000  years  b.c,  and  if  we  are  to  take  may  be  usea  as  a  test  for  trying  the 
for  a  proof  of  these  observations,  the  antiquity  of  Tables ;  but  we  fina  di& 
accordance  of  the  elements  of  the  sun,  ferent  and  inconsistent  results  in  the 
moon,  and  planets,  virith  the  values  case  before  us,  according  to  the  parti- 
assigned  for  that  period  by  modem  cular  tables  we  make  use  of.  Those  of 
astronomers,  then  we  must  expect  to  Tirvaloredonot  give  directly  the  moon's 
find  the  same  degree  of  accordance  sidereal  revolution,  but  Bailly  has  de- 
nearly  for  one  of  these  bodies  as  for  duced  it  from  the  motions  given  with 
another-*aUowing  for  the  difficulty  of  regard  to  the  apogee.  Now  there  are» 
the  respective  observations.  No  con-  in  these,  several  periods  given  for  the 
dusion  can  l>e  drawn  from  the  agree-  anomalistic  revolution  of  the  moon, 
ment  of  some  of  these  elements ;  that  firom  each  of  which  different  results  may 
agreement  must  be  general  before  any  t>e  deduced:  the  tables  of  Chrisnabouram 
argument  can  be  founded  upon  it  differ  again  from  all  of  these,  as  do  like- 
II.  The  second  class  of  arguments  wise  those  of  Narsapur.  Nor  do  the 
given  by  Bailly  are  those  found^  on  the  two  last  mentioned  agree  with  each 
mean  motions.  But  here  it  is  necessary  otherf.  We  cannot  then,  in  this  ease, 
to  make  some  preliminary  observations,  deduce  any  conclusions  from  the  moon*s 
which  show  that  little  dependence  can  mean  motion,  which  certainly  is  the  only 
be  placed  on  considerations  of  this  kind  one  of  the  mean  motions  that  affords  us 
in  determining  the  age  of  the  Indian  or  in  general  a  criterion, 
any  other  tames.  The  major  axes  and  The  theory  of  Bailly  on  this  subject 
periodic  t^mes  of  the  several  primary  appears,  then,  totally  untenable ;  but  it 
planets  are  not  subject  to  any  secular  may  be  asked,  what  is  the  .real  age  of 
mequalities ;  and  it  is  very  evident  that  the  Surya  Siddhanta,  and  the  Indian 
they  cannot  in  that  case  be  used  for  the  astronomy  ?    and  have  the   Brahmins 

purpose  in  question.      For  the  mean     . 

motions  of  the  Indian  tables  must  be  •  syg^  ^^  Monde.  Ut.  r. 

well  or  badly  determined :  in  the  latter  ^  Lengtb  of  a  •idcreaKroToiatton  of  Um  moon 

case  it  is  clear  that  nothing  can   be  wsiTeniotiiepriudj|a^inditjiT*w«. 

deduced  from  them:  in  the  former  all  Nanapur             S7  7  43'ls.'(S»  Bauiy.p.sr. 

that  can  be  said  is,  that  they  were  well  chritnaboiiram      27  7  4 j  ij.a    iwd,  p.  41. 

known  at  the  date  of  the  formation  of  ^^*^^'^             %  J  ^  t?;S)  ,,,^  ^^  , 

the  tables ;  but  as  they  suit  [any  time  *jt7  7  ^  13.02  J  »w<»*»»-*-«>-J 

they  cannot  prove  the  tables  to  belong  5       ^^^^^    %  7  «  {Jf  ^^^  ,„  ^^^ 

really  to  onepenod  more  than  another.  liodcrnABtrono.    27  7  48 11.5 
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berroived  thair  leieiMe  firom  any  othtr 
nation?  In  answer  to  tha  fint  of  theae 
questions.  Mr.  BenUey  has  published 
two  very  interesting  memoirs  in  the  sixth 
and  eighth  volumes  of  the  Asiatic  Re- 
searohes.  In  these,  his  endeavour  is  to 
show,  as  well  from  internal  evidence  as 
positiYe  historical  testimony,  that  the 
age  of  the  Surya  Siddhanta  may  be  re- 
ferred to  somewhere  about  1000  years 
after  the  Christian  era.  This  he  con- 
dudes*  from  the  very  reasonable  sup- 
position, that  whatever  be  the  real  date 
of  the  tables  in  question,  the  errors  on 
the  places  of  the  sun.  moon,  and  planets 
for  that  time,  (as  deduced  from  the  ta- 
bles,) will  be  less  than  tor  any  other ;  as 
we  cannot  but  imagine  that  any  astro- 
nomer, whatever  mistakes  he  might 
make  in  giving  the  positions  of  the  hea- 
venly bodies,  for  past  or  future  times, 
would  wish  to  represent  faithfully  the 
state  of  the  heavens  which  he  himself 
observed.  Mr.  Bentley  proceeds  then  to 
find  when  the  errors  we  have  above-men- 
tioned are  the  least  in  the  Surya  Sidd- 
hanta; and  this  he  shows  pret^  clearly 
to  have  been  the  case  about  ten  cen- 
turies after  Christ  \  If  we  exclude  from 
our  consideration  the  place  of  Mercury, 
the  positions  of  the  lunar  apogee  aiid 
nodes,  the  solar  apogee,  and  the  aphelion 
of  Mars,  as  being  imaginary  points,  and 
therefore  more  difficult  to  be  fixed  in  an 
imperfect  state  of  astronomy ;  and  if  we 
deauce  the  age  of  the  Surya  Siddhanta 
from  the  positions  of  the  Moon,  Venus, 


Mars,  Jupiter,  and  Saturn,  we  shall  find 
for  this  date  respectively,  the  years  a«  d. 
1040,  940, 1460,  924,  and  994 1.  Taking 
the  mean  of  these  five,  we  get  a.d.  1071 ; 
if  we  leave  out  Mars,  we  obtain  a.d. 
977.  From  the  whole  of  the  data  to  be 
found  in  the  Surya  Siddhanta,  Mr. 
Bentley  finds  a.d.  1036.  The  general 
accordance  of  these  results  seems  suffi- 
ciently satisfactory  }. 

However,  the  Surya  Siddhanta  is  not 
the  oldest  system  of  astronomy  to  be 
found  among  the  Indians.  Mr.  Bentley 
has  examined  the  tables  of  Brahma- 
Gupta;  and,  b^  an  analysis  exactly  si- 
milar to  that  just  described,  has  been 
led  to  fix  their  age  about  the  year  636 
A.D.  $  Indeed,  it  appears  that  Brahipa- 
Oupta  was  preceded  by  other  astrono- 
mers, and  particularly  by  one  named 
Aryabhatta,  deserving  of  notice  here, 
as  having  advocated  the  doctrine  of  the 
eartlVs  diurnal  revolution  on  its  axis  |. 
This  opinion,  it  seems,  was  rejected  by 
subsequent  philosophers  among  the 
Hindoos,  which  will  scarcely  excite  our 
surprise,  when  we  conskler  that  it  shared 
the  same  fate  in  the  west.  Having  been 
embraced  by  Philoiaus,  Anaximander, 
and  Aristarchus,  it  was  controverted  by 
Rolemy,  and  had  fallen  into  complete 
oblivion,  when  revived  by  the  immortal 
Copernicus.  These  doctrines  of  Arya- 
bhatta render  it  a  very  interesting  point  to 
determine  his  age,  that  we  may  ascertain 
whether  he  borrowed  this  pmlosophioal 
idea  from  the  sages  of  Greece,  or  whether 


•  ThbJt  of  (he  Enon  In  tlM  Surya  Siddhanta  with  rcapect  to  the  placet  of  the  Planets,  &&•  at  the 

undermentioned  periods. 


PlanetSfAc. 

B.C.  SIOL 

A.C.  4W. 

AX.M0. 

A.G. 1480.      1 

1 

O       /      1* 

0     '    <» 

O       t     ft 

O       t      ft 

Moon     .     . 

6.62.84- 

0.20.14— 

0.07.89+ 

3.43.87+ 

apogee 

30.11.26- 

4.62.63-- 

1.21.59- 

2.09.66+ 

88.37.31  •|- 

3.66.06-1- 

1.1S.01  + 

1.39.04- 

Venue     .     . 

3S.4^.3«- 

3.33.41  — 

0.39.SS+ 

4.82.25+ 

Mare       .     . 

1S.06.4S-I- 

2.32.42+ 

1.13.08+ 

0.06.27- 

aphelion 

9.47.00+ 

1.30.60+ 

0.21.66+ 

0.47.60- 

Jupiter   .    . 

17.12.3«- 

1.48.56- 

0.24.20+ 

9.38.36+ 

Saturn    .     . 

S1.S5.43-I- 

S.50.0S+ 

0.03.33— 

2.64.05- 

Sun*e  apogee 

3.16.8S-I- 

0.06.46— 

0.38.46- 

1,01.46- 

Aelatle  Reaearchee,  vol.  rill.  p.  289. 

t  Aiiatic  Reaearchee,  Yol.  yi.  p.  672. 

t  HoweT«r,  the  historical  part  of  Mr.  BeQtley*8  argument  seems  open  to  objectlonsi  which  have  been 
urged  by  Mr.  Colebrooke  in  the  12th  volume  of  the  Asiatic  Researches.  Mr.  Bentley  sfllrms,  Ihst  an 
astronomer  named  Vsraha-mlhira  was  the  author  of  the  Surya  SIddhauta,  and  that  he  is  known  to  have 
lired  somewhere  about  1000  a.d.  But  It  appears  that  it  is  by  no  means  proved  that  Varaha  was  the 
author  of  the  Surya  Siddhanta}  indeedi  it  is  quoted  by  himself  in  a  way  which  seems  clearly  to  show 
that  it  was  not  his  composition  (a.)  And  another  diflicnlty  arises  here,  for  Mr.  Bentley,  by  reasoning 
entirely  analogous  to  that  just  explained  with  regard  to  the  Surya  Siddhanta,  is  led  to  the  conclusion 
that  an  ancient  system  of  astronomy,  composed  by  an  author  called  Brahma-Gupta,  may  be  referred 
to  the  year  536  a.d.(6)  Now,  Brahma-Oupta,  In  a  work  of  acknowledged  authenticity,  quotes  by  name 
Vsraha  (c,)  which  circumstance  corroborates  the  inference  that  Varaha  could  not  have  been  the  author  of 
the  Surya  Siddhanta. 

I  Asiatic  Researches,  vol.  y\.  p.  581.  This  date  agrees  pretty  well  with  that  attributed  to  Brahma* 
Gupta  by  the  Hindoos  themselTes.— V.  Aslat.  Res.,  toI.  xii.  Addit. 

I  lb.  Tol.  zll.  p.  S37. 

(a)  AslaUc  Betearchfl0,  vol  zU.  p.  221.   Cslcatta.        (6)  lb,  ToU  tI.  p.  581.       {fi)  lb.  Tol.  zU.  p.  S21. 
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Pyiha^ras,  who  wu  undoubtedly  wdl  the  tropics,  the  difference  between  the 
versed  in  the  leaminfi;  of  the  east,  bor-  supposition  of  the  Brahmins  and  the 
rowed  it  himself  from  the  Indians.  But  exact  formula  wfll  be  so  inconsiderable 
at  present  we  have  not  sufficient  data  to  as  to  be  safely  neglected.  In  higher 
decide  this  question,  which  is  worthy  of  latitudes,  this  difference  will  increase 
all  the  attention  of  Sanscrit  scholars  *.  pretty  rapidly,  and  soon  becomes  a  very 
The  age  of  the  tables  of  Brahma*  Gupta,  appreciable  quantity*.  It  is  then  pretty 
as  fixed  by  Mr.  Bentley,  decides  one  ques-  clear  that  this  rule  of  the  Brahmins  must 
tion,  l)y  showing  that  the  Indian  astro*  have  had  its  origin  in  a  tropical  country, 
nomv  was  not  originally  borrowed  from  and  in  all  probability  in  tne  Indian  pe- 
the  Arabs.  The  tables  in  question  were  ninsula  in  which  it  is  found.  The  In- 
composed  about  500  years  after  Christ  dian  methods  for  the  calculation  of 
We  shall  see  that  the  Arabs  did  not  be-  eclipses  which  have  been  explained  at 
gin  to  cultivate  astronomy  till  a  century  length  by  Le  Gentilt,  and  Mr.  Davis,{ 
or  two  later.  It  is  much  more  difficult  are  extremelycurious,  and  bear  certainly 
to  ascertain  whether  the  Indians  were  the  appearance  of  originality.  But  for 
indebted  to  the  Greeks  for  any  of  their  these  we  must  refer  to  the  author  just 
principsLl  determinations ;  and,  on  this  mentioned ;  we  shall  only  remark,  in 
point,  different  opinions  seem  to  be  en-  passing,  that  these  methods  show  « 
tertained  by  those  who  are  best  qualified  knowledge  of  the  celebrated  property 
to  judge  in  such  matters.  Mr.  Davis,  of  the  right-angled  triangle,  which  tra- 
and  Delambret,  think  the  Hindoo  me-  dition  informs  us  that  Pythagoras  (who, 
thods  of  calculation  essentially  different  it  may  be  remarked,  had  travelled  much 
from  the  Grecian ;  and  this  circumstance  in  the  east)  first  msxle  known  in  Greece, 
has  been  much  insisted  upon  by  Play-  The  Indians  demonstrate  this  propo- 
fair.  The  limits  of  this  treatise  will  not  sition§  in  a  veiy  singular  way,  which 
allow  us  to  go  into  a  detailed  examina-  partakes  more  of  the  nature  of  algebraic 
tion  of  these  methods ;  we  must  be  con-  reasoning  than  of  pure  geometry.  In- 
tented  with  selecting  some  of  the  most  deed,  they  seem  to  have  t>een  singulaiiy 
striking  instances  of  originality.  attached  to  the  study  of  algebra,  in 
One  of  these  is  the  method  given  in  which  they  made  g^reat  progress|| ;  and 
the  tables  of  Chrisnabouram,  to  find  the  of  which  they  were,  veiy  probably,  the 

time  of  the  sun's  continuance  above  the —«-__« 

horizon,  or  what  we  call  the  diurnal  arc, 

for  any  given  day.    On  the  day  of  the  *  "  **,  «»**  ^  ^\  obliquity  of  Uie  ecliptic,  ^ 

equinox,  observe  the  length  of  the  sha-  '^l  ^"^^^J-  "*  //  . k"*^?  '!i"  -cmidiurni 

j^        «  j.i_                              u  •   L  •    A     1-     j»  »'c  on  the  longest  day  above  90** :  then 

dow  of  the  gnomon,  which  is  to  be  di-  "    ^^^'^  _  ^^^  .tan.« 

vided  into  parts,  each  equal  to  ^^th  of  '          "i     ' 

the  length  of  the  gnomon ;  one-third  of  ^^^  *«"•  ^  ~  I 

this  measure  is  the  number  of  minutes  where  a  U  the  height  of  the  gnomon,  l  the  length 

by  which  the  day  at  the  end  of  the  first  «'  ihe»badow.                         ^ 

month  after  the  equinox  exceeds  twelve  .  • .  «in.  ^  s  tan.  •  x  - 

hours :  four-fifths  of  this  excess  is  the  i             p      ^ 

increase  of  the  day  during  the  second  .*.  ^  =  -  tan.  •  +  -  tan."  •  •«• 

month ;  and  one-third  of  it  the  increase  ^             ^ 

of  the  day  during  the  third  month.  =672.s67.tan..  - 

This  rule  involves  the  supposition,  that  ,       ^                                a                  « 

the    sun's    declination  being  given,  the  Jj^ndUmwJnu^ljJ^of  time,  and  negkctln^ 

ratio  between  the  ascensional  difference,  /  ! 

(that  is,  the  arc  measuring  the  increase  «'  =  ^^  *  { *^PVo»ing  -  =  84'' }. 

of  the  day  at  any  place,)  and  the  tan-  i , 

gent  of  the  latitude,  is  constant    Now  ^he  Indian  mie  ia2  *  =  730.  -  ^  i  +  ,v  +  i  } 

this  is  not  rigorously  true,  for  the  con-  i 

stant  ratio  in  question  exists  between  the  «"  =  2W.  j 

sine  of  the  ascensional  difference  and  the  v.  BaiUy,  p.  32 ;  and  Edin.  Trani.  yoI.  u..  p.  172. 

tangent  of  the  latitude.    But  between  y^«">-  Acad-des  sciences  for  1772.  Part  11. 

'  t  Aalat  Research.,  vol.  II.  p.  S7Z,    Delamb., 

•  The  length  of  the  sidereal  year,  as  fixed  by  Ast.  Anc,  vol.  i.  p.  471. 

Aryabhalta,  is  S65  days  6  hours  12  minutes  and  (  The  47th,  1st  Book  of  Euclid's  Elementa. 

SO  8econds.-~A8iat.  Res.,  rol.  xii.  p.  249.    This  is  I  The  Hindoos  hare  been  particularly  snccess- 

the  quantity  adopted  In  most  of  the  Indian  tables,  ful  in  their  methods  for  the  solution  of  indetermi- 

Some  of  them,  howcTer,  make  it  '36,  instead  of  nate  problems)  in  this  respect  they  have  not  been 

30  seconds.  equalled  in  Europe  till  the  latter  half  of  the  ISth 

t  Aatron.  AncteoBe,  toU  1.  p.  478.  century. 
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imrentora.     Their  methods  for  caleu-  despise  foreign  natioiis  in  fseneralt  and 

latitig  the  ascensional  difPerenoes  prove  the  Greeks  in  particttlar.    They  have  a 

•that  they  were  in  possession  of  the  prin-  proverb,  says  he,  that  no  base  creature 

cipal  theorems  of  spherical  trigonome-  can  be  lower  than  a  Yavan ;  whieh 

try* ;  their  tables  of  sines,  which  are  term  he  explains  to  mean  an  Ionian  or 

given    for   every  3}°  throughout  the  Greek*.  But  Mr.  Colebrooke  has  quoted 

quadrant,  ma^  be  regarded  as  a  mathe-  a  very  curious  passage  from  Varaha- 

maiieal  curiosityt.  mihirst,  one  of  the  earliest  astronomers 

ft  On  the  other  hand,  the  system  on  of  India,  who  speaks  with  applause  of 

which  the  Indians  calculate  the  inequa-  the  proficienoy  of  the  Yavans  in  astro- 

lities  of  the  sun,  moon,  and  planets,  nomyt.    .**  The  Yavans,"  says  he,  "  are 

presents  some  remarkable  coincidences  barbarians ;  but  this  science  is  well  esta- 

with  that  imagined  by  the  Greeks  for  blished  among  them,  and  they  are  re- 

the  same  purpose.    On  reference  to  a  vered  like  holy  sages.'*    About  the  age 

subsequent  part  of  this  treatise,  it  will  of  Varaha-mihira  there  seems   to  be 

be  seen,  that  Hipparchus  explained  the  some  uncertainty,  Mr.  Bentley  fixing 

principal  inequality  of  the  sun,  and  of  it  at  about  1000    b.c:    while  'others 

the  moon,  by  supposing  each  of  these  make  him  more  than  five  hundred  years 

planets  to  revolve  round  the  earth  in  a  older$  ;  but  whenever  we  suppose  him 

cirele,  the  centre  of  which  was  at  some  to  have  lived,  this  acknowledgment  of 

distance  from  this  last  body ;  and  thus  an  acquaintance  with  the  science  of  the 

the  motion,  though  really  uniform  round  West  goes  far  to  confirm  the  ideas  of 

the  centre,  appeared  unequal  as  seen  those  who  consider  the  Hindoo  astrono- 

from  the  eartn.    Hipparchus  also  pro-  my  as  derived  from  the  Greek, 
posed  another  theory,  which  leads  to  the 
same  results  as  that  just  mentioned;  he 

supposed  the  sun  or  moon  to  revolve  in  Chaptbr  III. 

a  small  circle,  called  the  epicycle,  the  Thti  ChrMpontt 
oentre  of  which  revolved  uniformly  round 

the  earth ;  and  he  proved  the  virtual  If  we  may  credit  Porphyry,  quoted  by 
identity  of  the  two  hypotheses.  It  is  re-  Simplicius  $,  Callisthenes  transmitted 
markable  enough  that  both  these  sys-  to  Aristotle  a  series  of  observations 
tems  are  made  use  oT  by  the  Indian  astro-  made  at  (Babylon  during  a  period  of 
nomers;  and  it  is  equally  remarkable  1903  years  preceding  the  capture  of  that 
that  th^  appear  to  be  ignorant  of  the  city  by  Alexander.  This  would  carry 
modifications  of  these  theories,  which  back  the  origin  of  astronomy  in  Chaldsa 
Ptolemy  was  obliged  to  make  in  the  case  to  at  least  2234  years  before  the  birth 
of  the  moon  and  the  planet  MercuryJ.  of  Christ.  It  is  certainly  an  argument 
They  have  indeed  felt  the  necessity  of  of  some  strength  against  the  correct- 
some  modifications  in  these  cases,  but  ness  of  this  statement,  that  Ptolemy, 
theirs  consist  in  giving  an  oval  form  as  who  has  founded  his  theory  of  the  moon 
well  to  the  eccentric  as  to  the  planefs  partly  upon  Chaldasan  observations, 
epicycle.  The  method  of  Ptolemy,  which  quotes  none  anterior  to  the  year  720 
is  very  different,  will  be  explained  when  b.c.  ;  but  this  fact  is  not  perhaps  so 
we  come  to  speak  of  the  astronomers  of  decisive  as  it  at  first  appears.  It  is  im- 
Alexandria.  possible  now  to  say  whether  or  not 

Sir  W.  Jones  has  affirmed  that  it  is  Rolemy  had  access  to  the  whole  of  the 
very  improbable  the  Indians  should  have  observations  in  question;  whether  any 
borrowed  anything  fVom  the  Greeks,  as  had  been  lost  in  the  interval — not  an 
the'pride  of  the  Brahmins  leads  them  to  inconsiderable  one — between  himself 
! . and  Callisthenes ;  ^or  lastly,  whether  the 

*Deiainb.,Ast.Anc..voi.i.p.470.  Superior  accuracy'of  the  more  modem 

t  These  tables  are  remarkable  as  being  calcn-  observations  made   him  prefer  them  ||. 

il*^.K''SfT*''"~'*"'^****'J!"Ts\'^T  •**'*''  The  eclipses  recorded  by  Ptolemy  are 

that  the  Hindoos  were  airare  that  i^*  sin.  A  = —  ^                              '                ^ 

(chord  A)*  sin.  A  as  well  as  the  common  tbeo-  - 

if«»«                 ...               -  •As.  Re«n  voL  II.  p.  S02. 

*   =  •*°ji'*^  +  "*■•  ^  t  As.  Res.,  vol.  xU.  p.  S45. 

bIb.  30°  =:  «  R  }  v.  Colebrooke,  Asiat.  Research.,  1.  c. 

/I -COS.  A  \*  »  De  Coclo,  lib.  H. 

sin.  i  A  =^ f  I  Another  supposition,  at  least  as  llkelj  as  any 

.     «iio        /.  «      TT  Tk  I      1.         .a  of  these,  is,  that  Ptolemy  selected  those  ecllpies 

8ln.6<r=  Vf  ».— V.  Dclamb.  p.  458.  which  he  conceived  to  agree  best  with  his  own 

t  Aslat.  Jtetevcb.,   vol.  xl,  p.  236  >  toI  11.  theories.— Ddunbre,  Aftron,  Anc.  I&troductlon, 

p.  248.  p.xxzy. 
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given  in  a  rough  way*,  yet  they  Are  of  to  them  the  invention  of  the  gnonon* 

singular  interest*  as  with  them  beffins,  and  an  instrument  esUed  polos.    The 

at  least  for  the  western  nations,  the  long  former,  we  haye  ahready  seen,  was  used 

train  of  obserration  and  disooyery  thiS  in  China  from  the  esrliest  antiquity ;  of 

has  brought  the  science  to  its  present  the  last  we  have  a  very  imperfect  know* 

perfection  t.  ^^f^\  it  seems  to  hare  been  destined 

A  striking  proof  of  the  acquirements  to  indicate  the  changes  in  the  sun*s  me- 

of  the  Chaldaaans  is  to  be  found  in  their  ridian   altitude  towards  the  solstices, 

knowledge  of  the  period  of  6585^  days.  The  divisions  of  time  were  measured  by 

in  which  the  moon  makes  223  revolu-  clepsydrse. 

tions  with  regard  to  the  sun,  239  with  Seneca*  informs  us  that  Spigenee 
regard  to  the  apsides  of  her  orl>it,  and  and  ApoUonius  Mjmdius,  both  of  wliom 
241  with  regard  to  her. nodes.  This  professed  to  have  studied  under  the 
is  attributed  to  them  by  Geminus  { :  Ghaldieans,  ascril)ed  to  them  very  dif- 
Ptolemy  (  refers  it  simply  to  the  "  an*  ferent  opinions  on  the  subject  of  comets. 
cient  mathematicians.**  The  accuracy  According  to  the  former  they  were  igno- 
of  this  period  is  vei^  great,  and  its  utili^  rant  of  their  nature  and  course ;  while 
no  less  in  calculatmg  the  recurrence  of  the  latter,  who  is  called  by  Seneca  a 
eclipses.  Indeed,  there'  can  be  little  most  scientific  observer  of  natural  phe* 
doubt  that  it  was  by  means  of  this  pe*  nomena,  states,  that  they  classed  them 
hod,  or  one  very  analogous  to  it,  that  with  the  planets,  and  were  able  to  de* 
they  were  able  to  predict  these  pheno-  termine  their  motions.  It  is  certain 
mena  in  the  case  of  the  moon;  for,  ao-  that  very  philosophical  ideas  were  en- 
cording  to  Diodorus  Siculus  ||,  they  did  tertained  on  the  subject  of  comets  by 
not  attempt  such  predictions  for  eclipses  the  Pythagoreans,  who  had  evidently 
of  the  sun.  This  is  natural  enough ;  it  l)orrowed  many  of  their  doctrines  firom 
is  su^ciently  obvious  to  those  who  the  East.  Could  we  admit  the  state- 
have  any  acquaintance  with  the  science,  ment  of  ApoUonius,  few  things  would 
that  the  calculation  of  the  former  is  far  tend  more  to  give  us  a  high  idea  of  ttie 
more  easy,  the  parallax  not  entering  into  ChaldsBan  astronomy, 
it.    The  author  just  quoted  also  tsiUs  us 

that  they  attached  great  importance  to  Chapter  IV. 
the  theoiy  of  the  pranets,  which  bodies                      ^  EgypHam. 
they  observed  with  care,  and  more  par-  _,      _  -bw  .      , . 
tioularly  Saturn.     In  fact  we  find  in  Thk  Egyptians  seem  to  have  enjoyed  m 
Ptolemy  several  such    observations^,  ancient  times  considerable  reputation 
Their  zodiac  was  divided  into  twelve  'o^  astronomical  science.    It  is^  how* 
signs**:  the extra-zodiacal constellations  e^er*  certain,  that  few,  if  any,  relics  of 
were  twenty-four  in  number,  twelve  in  »t  have  descended  to  us.    It  has  been 
each  hemisphere.    To  this  we  may  add  remarked,  that  the  exactitude  with  which 
from  Herodotustt,  that  to  them  we  owe  the  Pyramids  have  l)een  made  to  face 
theduodecimaldivisionof  theday.  This  the  four  cardinal  points,  gives  us  an 
hUtorian  attributes,  at  the  same  time,  advantageous  idea  of  their  methods  of 
observation.      However,  Ptolemy  and 

•  V.  Syntax.,  lib.  It.  c.  6.    The  Ume  Is  not  Hipparchus,  who  it  is  natural  to  sup- 

gWcn  more  nearly  than  within  an  hour-the  quan-  pose  WOUld  have  had  access  while  livins 

"7  °^iSS^%V^Vr^:r^l^Ti^<.  in  the  country  to  the  Egjptian  ««)rt7. 

nomicai  obseryationi,  informs  us,  that  the  most  ncvcr   quotc  any  ancieut  Observation 

SinSrie^lrldd  rc«ri«.T»«lS  ofo!^'  ^'^^  by  Mtronomem  of  that  n.tk>i.; 

medes,  ii.  6,  who  says,  spcalcing  of  the  moon  being  DUt,    OU    tnc    COntrftry,    Were    lOrOCd   tO 

seen  ecUpscd,  while  the  sun  was  aboTe  the  horison,  haVC  reCOUrse  tO   the   ChaldseaUS.     On 

that  **  so  many  eclipses  of  the  moon  having  been  ^i  ^  ^♦k««  U««J   4K».»  ;«  «^».^  ..^„»»^i.ui« 

observed  and  recorded,  no  astronomer,  wbeUier  the  Other  hand,  there  IS  some  respectable 

Chaidsean  or  £gypUan,  has  ever  recorded  one  of  testimony  tO   prove  that  the  Egyptians 

this  ifind."  ^     ^.  ^  .    ,  were  in  the  habit  of  observing  celestial 

AJS«!ri?:^.^.ri.?'tTS«.  wio'^^r^'tS;  phenomena  in  general   and  Idipses  in 

upon  rattier  inconclusive  grounds,  the  claim  of  the  particular.     DlodorUS   Siculus  t  gOeS  SO 

^*i*Lib*"J.^?.?^"  ^""^f  Lib  11  c.81  ^^^  ^^  *°  "^y*  **^**  ^^^y  ^^^  ^^^^  ^  ^^ 

%  Lib.  xi'.  c.  7,  et  alibi.    '   '  *    "  culatc  l>eforehand  the  circumstances  of 

••Each  sign  was  subdivided  into  thirty  degrees  t  these  latter  with  much  exactness.    Di- 

^^Srih'^/iaS^^XVkrewetosay  ofDe.  ogenes  LaertiusJ  mentions  373  solar. 

lambre,  who  assures  us  that  no  ancient  author  - ' 

speaks  of  the  gnomons  of  Chaldsea  ?— Astron.  da  •  Qucest.  Nat.,  lib.  vil.  c.  3. 

Moyen  Age,  Discoun  Pr61im.,  p.  xL  t  Lib.  1.  ^  3.  |  In  prooemio. 
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and  8t8  luntri  eolipiei  observed  in  been  supposed  that  the  Egi3rptkns  had  a 
EgTpt.  The  testimotiy  of  this  author  is  rural  year*  comprising  the  intervals  be- 
in  itself  of  no  great  weight,  and  he  adds  tween  two  heliacal  risings  of  Sirius,  and 
the  absurd  ciroumstance,  that  they  had  that  the  Sothiac  period  must  be  con- 
been  seen  in  an  interval  of  48863  years,  sidered  as  applying  to  this  rural,  and 
But  it  is  yery  singular  that  this  is  the  not  to  the  tropical  year.  And  here  we 
proportion  of  the  solar  to  the  lunar  meet  with  a  very  curious  coincidence ; 
eclipses  visible  above  a  given  horison  for  this  rural  year,  as  thus  determined, 
within  a  certain  time* ;  and  such  a  co*  had,  for  twenty  or  thirty  centuries  before 
incidence  certainly  cannot  be  accidental,  the  Christian  era,  very  exactly  the 
Seneca t  likewise  informs  us,  that  Co-  length  of  365^  days;  and,  consequently, 
non,  the  contemporary  of  Archimedes,  the  period  of  restitution  of  1461  years 
had  collected  all  the  eclipses  of  the  sun  would  apply  to  it  very  accurately.  A 
preserved  in  £g]^pt.  Lastly,  we  may  recent  author*  has  disputed  the  fact, 
remark,  that  Aristotle^  mentions  tfaie  that  such  a  rural  year  was  in  use  among 
Babylonians  and  Egyptians  as  having  the  Egyptians,  before  the  time  of  Hip* 
recorded  a  great  numMr  of  credible  ol^  parchus :  however,  the  authorities  urged 
servations.  To  all  this  is  to  be  opposed  in  its  favour  seem  pretty  satisfactory ; 
the  silence  of  Ptolemy,  and  upon  this  and  the  coincidence  above  mentioned 
point  we  must  refer  to  the  remarks  tends  strongly  to  corroborate  them, 
already  made  when  treating  of  the  Chal«  Thus  it  appears  that  the  Sothiac  or 
dnan  astronomy.  Canicular  period  had  its  origin  when 
The  civil  year  of  the  Egyptians  was  the  first  day  of  the  month,  Thoth,  coin- 
of  365  days,  but  they  were  very  early  cided  with  the  heliacal  rising  of  Sirius. 
acquainted  with  the  more  accurate  value.  According  to  Censorinus,  this  happened 
865^  dajrs.  This  appears  from  the  So-  the  20th  of  July,  a.d.  139.  M.  Idder 
thiaoperiodof  1461  years,  which  brought  has  found  by  calculation,  that  on  the 
round  to  the  same  seasons  their  months  very  same  day  of  July,  Sirius  rose  he* 
and  festivals.  For  this  people,  among  liacally  in  the  Julian  years  1322  and 
their  numerous  singularities,  had  that  of  2782  b.c. 

not  wishing  to  connect  the  civil  inva*  According  to  DioCassiusf*  the  Egyp- 

riably  with  the  physical  year,  but  to  tians  were  the  inventors  of.  the  short 

suffer  it  to  anticipate  gradually,  dis-  period  of  seven  days,  distinguished  by 

placing  thereby  all  the  times  fixed  for  the  names  of  the  planets,  wluch  we  call 

their  relinous  ceremonies,  till  at  the  week.     This  penod,  used  among   all 

end  of  the  great  Sothiac  period  they  the  eastern  nations  from  time  imme« 

coincided  once  more  with  their  original  moriai,  has  been  called,  by  an  eminent 

positions.     One  of  these  periods,  ac-  philosopher},  the  most  ancient  monu- 

cording  to  Gensorinusj,  began  in  the  ment  of  astronomical  knowledge.      It 

consulship  of  Antoninus  and  Bruttius,  is  found  even  among  the  Brahmins  of 

A.D.  139.    That  this  was  not  the  first  India  with  the  same  denominations,  and 

period  of  the  kind,-  there  can  be  little  the  days  similarly  named  by  them  and 

doubt  ||.    The  preceding  one  must  have  by  us  correspond  to  the  same  physical 

commenced,  then,  in  the  year  1 322  b.c.  portions  of  time.     The  arrangement  is 

Bailly^  even,  relying  upon  some  ex-  founded  upon  the  ancient  systems  of 

pressions  of  Manetho,  thinks  that  this  astronomy,  in  which  the  planets  were 

was  preceded  by  another.    But,  as  far  placed  in  the  following  order,  beginning 

as  the  tropical  year  is  concerned,  it  is  with  the  most  distant  A*om  the  earth ; 

necessary  to  observe,  that  the  Sothiac  Saturn,  Jupiter,  Mars,  the  Sun,  Venus, 

period  could  not   have  been  deduced  Mercury,  and  the  Moon.    The  day  being 

from  an  actual  ol)servation  of  the  time  divided  into  twenty-four  hours,  the  hours 

required  for  a  complete  restitution,  for  were  consecrated  to  the  planets  in  the 

the  time  observed  would  not  have  l)een  order  just  given ;  and  each  day  took 

1461  years,  but  1506.    It  has,  however,  its  name  from  the  hoiur  with  which  it 

' began.    Thus,  the  first  hour  of  the  first 

•  Between  1900  and  1800  yean.  day  being   dedicated    to    Saturn,  the 

t  8«»««*-,  Nat.,  lib.  yii  c  8.  second  would  be  so  to  Jupiter,  the  third 

»  D:di:N'.u^!,"i.'ii'knd  18.  to  Mars,  and  so  on ;  then  the  eighth 

I  Clemens  Aiezandrinns  placet  tbe  birth  of  again  to  Satum,  the  fifteenth,  and  the 

yo*iMl/tlr!r  ^;*  **"•.  •J'*^"'^"*5I.  *!  Ill  twenty-seoond,  so  that  the  first  hour  of 

aouiiac  period,  which  moat  of  course  refer  to  the  '                ' 

jear  1S2S  b.c.    This  teems  to  receWe  some  con-  "     ■ 

flnnaUon  f^om  a  fragment  of  ThcoD,  giTcn  by  *  Blot,  Essai  siir  la  PMode  Caniculalfc 

M.  Blot,  AstroD.  Egypt.,  p.  308.  t  Lib.  uzvli.  c.  18. 

1  Astroa,  Abc.,  p.  408.  S  JU  Places  Sytt.  dv  Monde^  lib.  v.  e,  1. 
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the  second  dajr  would  belong  to  the  Sun.  La  Place  and  several  distinguished  phi- 
Proceeding  in  the  same  way,  the  first  losophers*. 

hour  of  the  third  day  would  belong  to  The  scientific  men  who  accompanied 

the  Moon,  of  the  fourth  to  Mars,  &c.  the  French  expedition  to  Egypt  found 

We  have  sud,  that  in  the  ancient  sys-  in  some  of  the  temples  of  that  countnr 

terns,  Venus  and  Mercury  were  con-  representations  of   the   zodiac^  which 

sidered  as  inferior  to  the  Sun ;  but  upon  have  given  rise  to  much  discussion  ia 

this  point  there  was  some  difference  of  Europe.    One  of  the  most  remarkable 

opinion.    The  Egyptians  seem  to  have  of  these  is  on  the  ceiling  of  a  portico  in 

perceived  the  real  state  of  the  case,  the  temple  of  Denderah  (the  ancient 

They  conoeived  these  two-  planets  to  Tentyra).    It  represents  the  signs  of 

move  round  the  sun,  while  they  followed  the  2odiac  in  two  rows,  six  in  each, 

him  in  his  annual  revolution  round  the  parallel  to  the  axis  of  the  temple,  one  to 

earth,  and  consequently  were  sometimes  the  right,  the  other  to  the  left  of  the 

nearer  than  he  to  the  .earth,  sometimes  principal  entrance;  the  latter  all  face, 

farther.  This  system,  which  is  explained  as  if  about  to  enter  .the  temple,  the 

by  several  ancient  authors,  and  among  former  as  if  quitting  it :  the  first  of  the 

them  obscurely  by  Cicero*,  more  dis-  entering  signs  is  Aquarius,  and  the  last 

tinctlv  by  Vitruvius t,  is  positively  attri-  Cancer:  the  Cancer,  however, is  thrown 

buted  to  the  Egyptians  by  MacrobiusJ.  on  one  side  out  of  the  line,  and  its  place 

Some  have  been  disposed  to  imagme  filled  by  a  head  of  I  sis,  partly  plunged 

that  the   constellations  of  the  zodiac  in  the  rays  of  the  sun.    It  follows,  from 

were  originally  invented  in  E^pt  at  a  what  has  been  said,  that  the  first  of  the 

very  remote  period.    This  opinion  has  signs  which  appear  to  be  coming  out  is 

been  advocated  principally  by  Dupuis  §,  the  Lion,  and  tne  last  Cap^ricom.  Similar 

who  conceives  that  the  constellations  in  zodiacs  are  to  be  found  in  the  porticoes 

question  had  a  reference  to  the  divisions  of  two  temples  at  Esn^  (Latopolis) :  but 

of  the  seasons,  and  to  the  ajpnculture  of  there   the  head   of  Isis  is  altogether 

Egypt  at  the  time  of  their  invention,  wanting,  and  the  bisection  of  the  sig^ns 

The  sign  of  Cancer  marks  the  retrogra-  takes  place  between  Virgo  and  Leo,  in- 

dation  of  the  sun  at  the  solstice ;  Libra,  stead  of  between  Leo  and  Cancer.  This 

the  equality  of  the  nights  and  days  at  bisection  has  been  supposed  by  some  to 

the  equinox :  the  Capricorn,  a  climbing  have  a  reference  to  the  places  of  the 

animal,  is  conceived  to  indicate  the  sun  solstices  t:  but  the  supposition  is  en- 

at  its  greatest  height,  or  at  the  summer  tirely  arbitrary,  and  would  give  to  these 

solstice;  the  autumnal  equinox  conse-  temples  an  antiquity] which  other  cir- 

quently  falls  in  Aries.    ^This  system  cumstances  by  no  means  seem  toj  sup« 

presents,  certainly,  some  curious  coin-  port.     Foumer  conjectures   that    the 

cidences :  thus,  for  example,  the  inun-  head  of  Isis,  substituted  in  the  place  of 

dation  of  the  Nile,  which  begins  just  Cancer,  indicates  that  Sirius  rose  helia- 

after  the  summer  solstice,  would  take  cally  when  the  sun  was  in  that  constel- 

place  while  the  sun  was  in  the  constel-  lation ;    which  took  place    more  than 

lations  Aquarius  and  Pisces ;  and  Virgo,  twenty  centuries  before  the  Christian 

usually  represented  as  a  woman  with  an  era.     M.  Biot  imagines  that  this  indi- 

ear  of  corn  in  her  hand,  would  coincide  cates  that  Sirius  rose  with  the  stars  of 

with  the   time  of  harvest  in    Egypt.  Cancer,  near  which  the  sun  was  at 

There  is,  however,  one  insuperable  ob-  the  time  of  the  summer  solstice,  and 

jection  to  this  system,  which  is  the  ex-  refers  the  monument  to  about  the  year 

cessive  antiquity  (not  less  than  15000  700  b.c.     There  is  in  the  interior  of 

years)  which  it  assigns  to  the  zodiac,  the  temple  at  Denderah,  another  zodiac. 

As  this  is  historically  inadmissible,  Du-  sculptured  on  a  ceiling,  in  which  the 

puis  has  modified  his  theory  by  sup-  signs  are  arranged  in  a^circle»  and  here 

posing  the  names  to  have  been  given,    "- 

not  to  the  constellations  in  which  the  •  Macrobim  (Somn.  Scip.,  Ub.  i.  c.  21.)  attrl- 

«»««>»<•   Kti*  «A  <K/%aA  f1iQmAf«^/>o11«r  nn  butc«  the  invention  of  the  »odUc  to the  Egyptians } 

sun  was,  but  to  those  diametncally  op-  ^^^  ^.j^.^  jhl.  it  may  be  urged,  that  Sextua  Em. 

posed  to  bim,  which  consequently  were  plHcus,  a  writer   of  at  least   equal   authority, 

rising  at  sun-set  at  any  given  epoch.    "?S??J\*? '^f  ^K^^*^*?*;  "**•  ^.v        u«-« 

r™_.  ^       '   •             I.*  i_    I    ■           J        "^  zu  t  This  Idea  ii  deduced  from  the  nippoaltlop 

This    opmion,   which   brings  .down   the  that  the  conelelUtlon  lu  which  the  snn  wa»  at  ifte 

invention  of  these  constellations  to  about  beginning  of  the  year,  was  represented  as  the  first 

2500  year,  b.c.  has  been  adopted  .by  !,r4*plJSL,S'^*,^Sn^"S.?»ow  u.'bX': 

— ~~ — -^ ■    " '  Uan  rural  year  began  at  the  summer  solstice — thua 

•  Somn.  Scip.             t  VltruT.,  lib.  iz.  c.  4.  the  zodiac  of  Denderah  wonld  Indicate  that  the 

%  Comment.  In  Somn.  Scip.,  1.  c.  19.  aummer  solstice  WW  in  the  liiao,  Uiose  Of  Ssnt 

\  M^m.  ittr  I'Orlglne  da  Zodiaqae.  in  the  Virgin. 
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a^in  the  Cancer  is  thrown  out  of  its  indeed,  which  is  not  improbable,  he 

proper  line,  its  place  bein^  occupied  by  copied  some  older  calendar.*     Hero- 

a  mythological  fi^re,  below  wiiich  is  dotus  f  makes  Homer  and  Hesiod  con- 

the  symbol  of  Ists.    M.  Biot  has  at-  temporaries,  and  places  them  about  400 

tempted  to  prove  that  this  circular  zodiac  years  before  his  own  time,  which  would 

is  a  planisphere  representing  the  ap«  make  them  a  century  later  than  the  date 

pearance  of  the  heavens  at  midnight  on  above  assigned.    But  the  whole  auestion 

the  summer  solstice,  about  seven  centu-  of  their  age  is  involved  in  mucn  doubt 

ries  before  the  Christian  era.  *     But  and  obsciurity,  nor  is  it  important  to  the 

this  opinion  is  exposed  to  many  serious  history  of  astronomy.    We  find  litUe  in 

objections :  these,  however,  the  limits  of  these  very  ancient  authors  that  throws 

this  treatise  will  not  allow  us  to  enter  lieht    upon   the  interesting    question, 

into:  we  shall  quit  the  subject  with  one  whether  the  Greek  sphere  was  derived 

observation.     M.  ChampoUion  thinks  fi'om  that  of  the  Egyptians,  or  other 

he  has  dec3rphered  among  the  hierogly-  oriental  nations.    We  shall  see  in  the 

phics  on  the  ceiling  of  the  temple,  the  course  of  this  treatise,  that  there  can  be 

word  •vr»M^»v»tft  which  would  seem  to  no  doubt  that  the  zodiac  was  borrowed 

indicate  that  the  sculptures  in  question  from  Egypt  or  Chaldea,  but  the  origin 

were  as  recent  as  the  Roman  empire*  of  the  extra-zodiacal  constellations  is 

But  this  by  no  means  precludes  the  pos-  very  uncertain.    Seneca}  attributes  the 

sibility  that  they  may  represent  a  more  division  of  the  heavens  into  consteUa- 

ancient  sphere.    That  the  temple  itself  tions  to  the  Greeks ;  and  refers  this 

is  not  of  great  antiquity  many  circum«  division  to  fourteen  or  fifteen  centuries 

stances  seem  to  indicate ;  but  the  ques-  before    Christ    An    obscure    author, 

tion  to  be  solved  is,  whether  the  astro-  quoted  by  Clemens  Alexandrinus,§  as- 

nomical  phenomena  it  depicts  are,  or  are  cribes  the  invention  of  the  sphere  to 

not,  to  be  referred  to  some  more  distant  Chiron,  who  may  be  referred  to  the 

epoch,  which  it  was  intended  to  record  ?  thirteenth  century  b.c.    That  the  Greek 

sphere,  whether  of   native  or  foreign 

Chapter  V.  origin,  is  as  old  as  the  time  assigned  to 

Owin   of  Astronomy   in    Greece. —  Chiron,'has  been  attempted  to  be  proved 

Tholes.— The  Ionian  School,-^  The  by  a  passage  from  Eudoxus,  quoted  in 

Pytha^reans.—Meton. — The  Calen^  the  commentary  of  Hipparchus  on  Ara- 

dar.-^udoxua.—Pytheas.  tus.||    This   author,  who  flourished  in 

The  astronomy  of  Greece  undoubtedly  *^«  ^f^^i^J^'lJ*^  the  fourth  century  b.c. 

bM:ins  with  Thales  and  the  philosophers  "f  ert«,  that  there  is  a  certain  star  in  the 

of  the  Ionian  School,  about  six  cenlu-  celestial  sphere,  corresnonding  to  the 

ries  before  the  Christian  era.    Homer,  P^^®  ^^  *»«  equator.    Now  thU  could 

indeed,  and  Hesiod,  the  only  authors  J®*  "^^f.  ^^  *t®  P®^"  **"  3^  ^^ 

anterior  to  this  period  whose  works  we  "™«'» >^hich  was  then,  owinc  to  the  pre- 

now  possess,  mention  some  of  the  most  «cssM>n  of  the  equinoxes,  far  firom  the 

remarkable  constellations,  though  none  of  P?^® J  ^^^  "P^n  examining  that  part  of 

thosecomposingthe signs  of  thezodiacjf  ^T  "^*^®"'»  ^f'?  ^^®™f  *<^  ^  "o  other 

and  the  works  of  the  latter  author  in  par-  ^  t"?*  co«ld  be  alluded  to,  except  » 

ticular  show  that  some  attention  was  paid  -Draxionis.    About  1326  b.c.  this  star 

in  his  time  to  the  rising  and  setting  of  ^^  !"*™"  ^    o^  ^^^  Poie.  which  was 

certain    conspicuous  stars.     Thus  he  ""niciently  near  to  make  it  appear  im- 

informs  us  that  Arcturus  rose  heliacally  moveable  to  rude  observers :  and  this  fact 

sixty  days   after  the  winter  solstice,  J  has  been  thought  to  show  that  Eudoxus 

from  which  we  may  deduce  this  poet  to  ??P»«*  aspheremany  centuries  anterior  to 

have   lived    about    950    b.c.  unless,  his  own.  This  sphere  has  been  supposed 

to  be  that  of  Churon  before  alluded  to]; 

•  Beeberchcfl  %va  i*As(roiiomi«  EgyptteoM.  others  attributeittoMus8eus.fr  But  not- 

Parli,  1823.  ^ 

t  Tli«  conttellAtloiu    and  tUrs  mentioned  by  -^ 

Homer,  are  the  Bear,  the  Pleiades,  the  Hyades,  •  Another  remarkable  proof  of  the  accaracy  of 

Bootes,  Orion,  and  Arctnras.    Besides  these  He-  Hesiod  may  be  fonnd  in  his  statemeot.  that  the 

alod  mentions  SIrlus.    Neither  make  any  mention  Pleiades  remained  InTisible  for  forty  days  (t.  Op. 

of  the  planets,  though  Homer  is  supposed  to  allnde  et  Dies.  t.SSS.),  which  lias  been  found  to  be  as 

to  Venus  in  one  passage— 11.  V.  t.  ft }  others  think  nearly  as  possible  the  ease  for  that  epoch  and 

BHitts  is  meant.    The  planeta  in  fact  do  not  seem  latitude.    Y.  BaiUy  Astron.  Anc  p.  480. 

to  iiave  been  astronomically  o1>serred  in  Greece  UU  f  Lib.  II.  c.5S. 

long  afterwards.  "Eudoxns,**  says  Seneca,  ^quln.  %  Qumst.  Nat.  Lib.  tII.  c.  t5. 

iinesyderam  eursns  primns  in  OnKiam  sb  iSgypto  f  Stromat  Ub.  I.  c.  16.         |  Ub.  I. 

timnstulit."  ^Qmest.  Nat.  yil,  S.  %  But  many  other  elalmanU  to  the  InTtntion  of 

t  Op,  et.  Diet,  T.  M«  fbs  spbcrt  aiiglil  bs  osflMd  particalirly  Ptlsmtdfla 

c 
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withstanding  all  that  ha«  been  aaid  upon  puted.  spetkf  YolumQH  upon  this  lul^iact  4 

this  subject,  it  seems  pretty  evident,  the  This  we  are  told  by  Herodotus*,  whose 

positions  of  the  stars  given  by  Eudoxua  testimony  seems  %bove  all  suspicion* 

are  too  discordant  tosSmit  of  any  con*  though  he  adds  a  singular  droumstanoe, 

elusion  being  drawn  from  them*,  and  if  in  whioh  there  is  prol^blv  some  mistake, 

Eudoxus  copied  any  very  ancient  sphere,  that  Thal^s  assigned  the  limits  of  a  year» 

it  must  have  been  one  of  oriental  origin;  within  which  this  eclipse  was  to  take 

for  in  the  time  of  Chiron  (if  indeed  any  place.    It  is  unneoessafy  to  remark*  that 

such  person  ever  existed)  it  is  pretty  could  Thales  have  predicted  an  eclipse 

certain  that  nothing   was    known  in  so  remarkable  as  this,  which  was  total 

Greece  about  the  existence  of  the  eclip-  in  the  country  in  which  he  lived— Asia 

tic,  the  equinoxes,  the  colures,  or  any  Minor, — he  oinrtainly  must  have  been 

great  circles  of  the  sphere.    The  unani-  able  to  make  a  much  nearer  approxi- 

mous  testimony  of  antiquity  ascribes  to  mation*    But  as  to  the  fact  of  the  pore- 

Thales,  or    his   immediate  successors  diction  there  pan  be  little  doubt.    The 

among  the  philosophers  of  the  Ionian  eclipse  is  memorable  in  ancient  history* 

school,  the  invention  of  the  zodiae,  the  as  having  separated  the  armies  of  the 

discovery  of  the  obliquity  of  the  ecliptic,  Lydians    and    Medes,    at   that    time 

of  the  tropical  revolution  of  the  sun,  engaged  in  battle ;  the  historian  lived 

and  the  principal  circles  of  the  celestial  not  more  than  150  years  after  the  event 

sphere.    There  is  no  reason  for  sup->  in  question,  and   was   a  countryman 

posing  that,  before  this  time,  the  Greeks  of  Ttialest ;  but  should  his  testimony  be 

liad  advanced  beyond  remarking  and  deemed  insufficient,  authority  perhaps 

naming  a  few  of  the  most  conspicuous  still  higher  may  be  quoted.    Eudemua, 

eonsteflations  ;  and  how  little  progress  an  astronomer  of  emmence  in  the  fourth 

they  had  made  in  t  his,  we  may  conjecture  eentury  before  Christ,  composed  a^history 

from  the  circumstance,  that  Thales  first  of  astronomical  discoveries,  now  unfor^ 

introduced  into  Greece  the  knowled^  of  tunately  lost ;  but  Diogenes  Laertiue 

the  Little  Bearf ,  by  which  the  Phoeni*  and  Clemens  Alexandrinus}  both  quote 

eian  pilots  used    to    steer,  while  the  the  authority  of  Eudemus  for  this  pre- 

Greeks  were  contented  with  theroufh  diction  of  Thales :  and  in  father  oqr* 

approximation  to  the  north  given  by  the  rohoration  of  this,  Eudemus,  in  a  frag- 

Great  Bear.    For  it  is  very  remarkable  ment  preserved  by  Anatolius^,  attributes 

that  Thales,  if  not,  as  some  have  pre*  the  discovery  of  solar  eclipses  to  Thales. 

tended,  a  Phoenician,  was  certainly  of  Indeed  it  xnay  be  said  that  there  is  no 

Phosnician  extraction;  and  this   fact,  point  on  which  the  testimony  of  antiquity 

corroborated  by  other  authors,  rests  on  19  mqre  decided  and  unvaning,  than 

the  testimony  of  Herodotus  himselft.  that  Thales  introduced  into  Greece  the 

Many  things  seem  to  indicate  that  the  prediction  of  solar  eclipses |,  and  moat 

science  of  Thales  was  of  eastern  oriein,  probably  at  the  same  time  the,  expla* 

and  that  what  have  been  called  his  dis-  nation    of  their   real  caused.'  Piiny 

ooveries,  were  doctrines  borrowed  Arom  indeed  does  not  quite  aj^ee  with  Bude- 

Ghaldaea  or  Egypt.    Much  stress  is  not  mus  as  tp  the  date  of  this  eclipse,  which 

to  be  laid  upon  the  account  of  his  having  has  been  a  subject  of  controversy  among^ 

studied  in  Egypt,  which  rests  upon  the  ancient  ^d  modern  authors ;  but  the 

equivocal  authority  of  his  biographer  knowledge  of  the  exact  year  in  which  it 

Diogenes,  though  this  is  confirmed  by  happened  is  more  interesting  tochrono^ 

Clemens  Alexandrinus^.    But  the  extra-  logists  than  astronomers**, 

ordinary  fact  of  his  having  predicted  a     ■   ■■     ■        ■  .■ 

solar  eclipse,  which  can  scarcely  be  dis-  !  ijp  ,*  *^*  '^-      ,.      ,»„.  .      «    ^^     • 

r                                                              ^  t  Thalrtwitt  ft  native  <^  M1l«ta»— Herodotut  of 

..-„.,          ^  ^.     .  ^...  HaUcamasyas,  both  town*  on  the  eoMt  of  Aftta 

r  V.  Sopboelet  quoted  by  AchlUet  Taliiu),  and  Atlai  If  inor. 

^^m  ^'^'  ?'«^  "*>•*"•  "*":  "• «;)      ,           „  «  V.  PIflg.  LMrt.  ia  n«l.  Chm,  Al«.  Strommt. 

•  V.  Delambr.  Astrou.  Anc  Introduct  p.  11.  and  lib.  I.  c.  U, 

t  Se«  CaJlimaahns  quoted  by  DiogaDM  Ucrttua  Vol,  ii.  p.  S15.  Hambvirgh.  17S7. 

In  rbalete,  and  by  Achilles  Tatlua.  Of.  Hygin.  Poo-  |  goaidet  lb*  anthort  above  quoted  V.  Achille« 

;v:tuS***5?™-^*^"^'"-*'P*®'»-^»^'»^    That  Tat.  iMffof.    PUb.  Biat.  Nal.  li.  12.  Civero  da 

!^    ^^'  ^'^  discovered  by  the  Phoenicians,  !•  Divtoalloiie  I. 

f ;it*}f^  J^l  ^^^  /"**•  *•«•«►•  i )» and  the  circam-  %  ThU  Is  exptewly  attribntod  te  Un  by  Plntareb 

Jtance  of  Uielr  navi^atorf  aaillng  by  it,  Is  alluded  de  Fiacit.  PhUoaoph.  U.  94. 

nJA  iE!7^  ''^i?"\   .Y:/"*-  **«»««»•  ▼•  «9.  ••  On  this  point  the  reader  Isretered  to  antote* 

♦  V  HarfA-T^  ^•^i****};a  ^,  ^.  ,  ■***»»  P»P«  ^f  Mr.BalUy,  in  the  Phlla*ipMo»l 
Th.i:;-  •  •*•»  **'*•  *'  ^'  ^7^'  ^''  ***««•  ^•w*'  ^n  Tranaactiona  lor  ISil,  »hci«  aU  tb«  opinions  oa 
'  inR!;^«.*  11^  -the  Buttiect  ar«  dlsonastd.  Mr.  BaUly  hiinaaif  refer* 
•    »  9*?WW».  »•*••.                                           /the  eolipse  to  the  year  610  AC. 
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['  H  tken,  thei%  be  no  reason  to  doubt  truly  unfarttmate,  that  in  attempting;  to 

that  Thales  predicted  the  phenomenon  in  investigate  the  doctrines  of  these  an- 

question,  we  can  hardly  fail  to  admit  that  cient  philosophers,  we  are  compelled  to 

his  method  was  borrowed;  and  borrowed,  have  recourse  to  authors  whose  igno-* 

in  all  probabihtr,  from  Chaldea.   For  it  ranee  of  astronomy  too  often  makes 

is  sufficiently  okar  that  nothing  but  a  their  accounts  unintelligible.  Thus  Dio- 

▼eiy  lon^  series  of  obsenrations,  con-  genes  tells  us,  that  Thales  found  the 

ducted  with  care  and  regularity,  could  maffnitude  off  the  moon  to  be  yi^th  part 

enable  any  man  to  arrive  at  this  know-  of  the  sun ;  a  statement  clearly  absurd,  if 

kdge ;  such  observations,  as  we  have  no  meant  to  apply,  as  it  evidently  must,  to 

reason  for  supposing  toluive  been  made  their  apparent  diameters.    But  a  pas- 

in  Greece  at  these  earlv  times ;  while,  sage  of  Apuleius  *  shows  us  the  real 

on  the  other  hand,  we  have  seen  that  meaning  of  the  determination  so  ^ossly 

the  Chaldeans  were  in  possession  of  a  misunderstood  by  Diogenes.     Thales, 

period  which  enabled  them  to  predict  he  tells  us,  determined  the  magnitude  of 

pretty   accurately  the    recurrence    of  the  son  in  parts  of  its  own  ort)it:  now, 

eclipses.  »{,th  part  of  a  great  circle  is  30' :  the  real 

Again,  if  we  admit  that  Thales  ex*  diameter  of  the  sun  may  be  taken  at  a 
plained  the  causes  and  predicted  the  oc-  mean  not  far  from  32' ;  so  that  we  see 
eurrence  of  eclipses  of  the  sun,  we  can  the  measure  of  Thales  was  a  good  ap« 
hardly  doubt  tint  he  was  able  to  do  the  proximation  for  those  early  times.f 
same  with  regard  to  those  of  the  moon.  We  have  stated  above,  that  the  con« 
Eudemus,  indeed,  according  to  Anato*  ttellations  of  the  zodiac  do  not  seem  to 
Mus,  attributes  the  ttiscovery  of  the  have  been  Imown  in  Greece  before  the 
causes  of  the  moon*s  light  and  her  time  of  Thales.  In  fact,  Eudemus,  whose 
eclipses  to  Anaximenes,  one  of  the  sue-  eariy  date  and  astronomical  knowledge 
cessors  of  Thales.  In  general,  we  may  make  bis  testimony  of  great  weisfht, 
remark,  that  it  is  very  difficult  to  deter*  states  that  they  were  invented  by  Q£no- 
mine,  amki  conflicting  testimon]^,  to  pides  of  Chios,  a  Pythagorean  philoso- 
whi<^  of  the  philosophers  of  these  times  pher,  generally  placed  considerably  after 
particular  discoveries  are  to  be  referred,  the  time  of  Thales  {.  However, -that 
though  there  is  a  general  agreement  as  thev  were  not  of  Greek  origm,  seems 
to  the  doctrines  taught  in  the  Ionian  and  bigrily  probable,  let  them  have  been  in- 
Pythagorean  schools.  Thus  PKny  *  re-  troduced  into  that  country  when  they 
lers  the  discovery  of  the  obliquity  of  the  may.  To  estal^ish  this,  it  is  not  neces- 
ecliptic  to  Anaximander, — Plutarch  f  to  sary  to  insist  upon  the  zodiacs  disco* 
Pythagoras,  or  (Enopides  of  Chios, —  ver«d  in  Egypt,  since  Iheir  antiquity 
Eudemus  to  some  author  whom  he  does  has  been  disputed ;  but  from  the  testi- 
not  name},  but  difl^entfrom  all  of  these,  mony  of  ancient  auth<»rs,  it  is  clear  that 
and  who  fixed  it  at  24°.  Bat  Thales,  the  zodiae  of  Chaldea  and  Egypt  was 
who  is  said  to  have  written  on  the  length  identical  with  that  of  Greece ;  and  no 
of  the  tropical  year,  and  on  the  position  doubt  can  remain  as  to  which  was  bor- 
of  the  solstices  and  equinoxes  ^  could  rowed  from  the  other.  The  Syntaxis 
hardly  have  been  ignorant  of  the  flict  of  of  Ptolemy  establishes  this  identity 
the  (4>liquity,  even  if  he  were  not,  as  in  the  case  of  Chaldea  and  Greece. 
seems  likely,  the  author  of  this  ancient  Jn  the  planetary  obs^vations  of  the 
valuation.  Again,  the  invention  of  the  Chaldeans,  quoted  in  that  work,  the 
^omon  is  attributed  by  Diogenes  Laer«  place  of  the  planet  in  the  Chaldean 
tius  I  to  Anaximander, — ^and  by  Pliny  ^  zodiac  is  first  given,  and  then  reduced 
to  Anaximenes, — ^while  Herodotus,  with  to  the  Greek :  though  the  respective  con- 
much  more  probalnlity,  says  it  was  bor*  stellations  did  not  quite  coincide  in  space* 
rowed  from  the  Babylonians  **•  It  is  j^  the  names  are  alwa3[s  identical,  exc^t 
i- m  one  instance,  where  it  appears  that  the 

•  Pliny,  n.  8.        t  De  piacit.  pwi.  ii.  12.  ChaWeans  gave  the  name  of  the  Balance 

t  Fftbric.  Biblio(h«c.  Gm&L  e. 

f  Dlog.  Laert.  in  Tholete. 

*  I  In  Tlta  Anaztaandrl.   ^II.c.M.  AmvAmuaAtr  as4  AnaadmenM  eonttatcd  In  tb« 

*•  See  the  pa«sage  quoud  above,  chap.  HI.  WiUi  poblieatfM  of  what  they  bad  tearnt  from  Thales. 

wgax-d  to  Thalea,  we  may  obaerre,  tbait  Themts-  •  Florid. 

tluyin  a  paaeage  qaotcd  by  Fabriciaa,  BIbUothee.  f  V.  Ifootada,  voL  I.  p.  106.    BalUy,  Attron. 

Qrmc,  ToL  1.  p.  230^  My«>  that  Anaarimander  wa»  Ane.  p. 441. 

the  first  ptcun  who  publiahedaay  of  the  doctrines  $  Pliny  Kfcn  tha  loTentlon  to  Cleostratus  of 

of  Thales,— this  latter  having  written  nothing  him .  Tenedea,  a  |>blkMOph«r  rather  posterior  to  Thales, 

self.    This  wonld  tend  to  confirm  the  view  tak»n  but  before  the  time  to  which  wnopides  is  usually 

In.-ttt  testy  that  tte  ntlcadtd  dlM0VfrtM«f  referred.    V.  Hist.  Nat^  II.  #. 
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to  the  eonsietlation  called  by  the  Oreektf  Archytas  of  Tarentam,'  TinuBUi  Locriis^ 

the  claws  of  the  Scorpion*^.    FVom  a  and,  m  later  times,  Aristarehos  of  Sa-* 

fragment  quoted  by  Delambre  t*  it  teems  mos*  .  Others,  as  Heradides  of  Pontus, 

that  the  Egyptians  also  named  the  claws  and  Ecphantiis,  admitted,  we  are  told, 

of  the  Scorpion  the  Balance.^  merely  the  earth*s  diurnal  revolution  on 

To  this  we  may  add  the  very  curious  its  axist.  One  cannot  help  feeling  some 

circumstance,  that  the  zodiac  of  India  surprise,  that  after   the   true  system 

is  nearly  identical  with  that  of  Greece :  of  the  world  had   once  been  promul- 

and  Humboldt  {has  shown,  in  a  very  in*  gated, — when  it  had  been  adopted  by 

teresting  memoir,  that  the  twelve  Indian  a  numerous  school,  and  some  of  the 

signs  are  taken  from  among  the  twenty-  most  distinguished  astronomers,  —  it 

seven  lunar  mansions,  or  constellations  should   have   fallen  subsequentlv  into 

of  the  lunar  zodiac,  mentioned  in  the  comparative  oblivion.     No  doubt  the 

first  and  second  chapters  of  this  Trea-  ancients  had   not  the  same  decisive 

tise$«  proof  of  the  motion  of  the  earth  that 

Nothing,  perhaps,  is  more  remark-  we  have  in  the  aberration  of  the  fixed 
able, — and,  if  we  refuse  to  admit  the  stars ;  and  the  infinite  distance  of  these 
oriental  origin  of  Greek  science,  more  bodies,  which  is  a  necessary  conse- 
inexplicable, — than  the  circumstance  of  quence,  may  have  staggered  many  of 
the  true  doctrine  of  the  motion  of  the  them.  But  the  foct  in  question  is  prin- 
evrih  having  been  promulgated  in  the  cipally  to  be  attributed  to  the  wide- 
schools  of  Pythagoras  |  and  Thales.  spreading  influence  of  the  Peripatetic 
That  this  was  the  case  with  re{;ard  to  school,  whose  founder,  Aristotle,  had 
the  former,  is  well  known ;  and  it  is  ge-  strenuously  combated  the  Pythagorean 
nerally    supposed  that  Philolaus,   the  doctrines  {. 

successor  of  Pythagoras,  was  the  first  It  is  a  circumstance  by  no  means  to 

to  teach  it  openly 9.  But  there  are  some  be    overlooked,  that  Pythagoras  had 

reasons  for  supposing  that  it  had  been  travell^i,  acconiing  to  the  tmmony  of 

among   the  doctrines  professed  at  an  all  his  biographers,  into  Egypt  and  the 

earlier  period  by  Anaximander.    Eude-  East,  and  some  say  that  he  penetrated 

mus,  wnom  we  have  frequently  had  oc-  as  far  as  India  $.    Some  eorroboratioa 

casion  to  quote,  affirms,  in  the  most  of  this  circumstance  might  be  found  in 

express  terms,  that  this  was  the  system  his   metaphysical   doctrines,  evidently 

of  Anaximander**.     If  this  be  true*  borrowed  either  from  India  or  Egypt ; 

it  is  as  probable   that    this   philoso-  but  to  confine  ourselves  merely  to  astro- 

gher  merely  published  what  he    had  nomy,  we  may  notice  opinions  analogous 

eard  from  his  master,  as  [in  the  case  of  to  those  known  to  have  existed  in  the 

Philolaus  and  Pythagoras  tt.  Cicero  t^,  coimtries  we  have  mentioned.  We  have 

on  the  authority  of  Theophrastus,  attri-  seen  the  belief  of  the  Chaldeans  about 

butes  this  svstem  to  Hicetas  of  Syra-  comets,   according  to  the  account  of 

cuse ;  and  this  is  partly  confirmed  by  ApoUonius  Myndius :  the  Pythagorean 

Plutarch  $$.    It  certainly  was  embraced  doctrine  on  this  subject  bears  the  great- 

by  some  very  eminent  men,  such  as  est  analogy  to  it    These  philosophers 

—                                             ■  supposed  comets  to  be  bodies  as  ancient 

«  V.  Ptoi.  Syntax..  lib.  iz.  c.  7.  as  the  universc,  revolving  round  the 

:M.'^.L*°d*J"'piip'l«"iW".  d.  I'Arn*.  ?"«•  andyUibleonlvjn  acertain  part  of 

lique.  their  orbit    Yet  this  sublime  concep* 

!«'"!f  "ifli?'^  •'  Macrobiat  and  Sextat  Em-  tion  shared  the  fate  of  the  system  of  the 

?ericD8,  on  the  todiac,  hare  been  mentioned aboTe.  ^*«*u».  ^^4:^„      rpu->  13a»;».«a*:a«  «,^>»* 

'hey  are  in  compute  accordance  wlUi  what  is  ®*rth  8  motlOU.     The  Peripatetics  were 

here  advanced.  oncc  more  triumphant  over  truth  and 

«i«l'SSrN'Sr.*c^r- "•*'""■'•  "•'•'»•  ""O";  ««»  for.  eighteen  cenhmes. Jt 

t  V.  Plutarch  dePiacit.Fhiios.ub.iti.ce.  13  and  was  almost   Universally  admitted  that 

K^  ^L*2:  ^■•^  *°  PWioiao.  Phiioiaua  Aourtohed  these  bodies  were  simply  meteors engen-! 

about  450  B.C.  • ..     ^.^  A'fa       ^i 

••  Fabric.  Bibiiothee.  Graec.  1.  c.  Delambre  ^«**d  in  the  terrestrial  atmosphere. 

grouly  miitranclatee  thle  passage.    Astron.  Anc,  The  philoSOphicai  ideas  of  the  Pvtha- 

Tol.  i.  p.  16.    It  is  but  fair  to  sute,  that  SimpUcius  '^ 

piiaces  Anaidmander  among  those  who  concelTed  

the  earth  to  be  in  the  centre  of  the  unlTcrse.    De 

^*!!?'J*^  "v  ^   «.    .    ^.  •ArcWmedee  In  Arenarlo.— WutorchdePlwrlt. 

tr  Plutarch  de  Placlt.  Phil.  ill.  11,  certainly  in-  Phil.  U.  34.    Plato  la  said  by  Plutarch  to  hare  re. 

forms  US  tbat  Thaiea  placed  the  earth  in  the  centra  greUed,  iu  his  old  age,  baviug  placed  the  earth  1ft 

of  the  unlyerse;  bis  testimony,  however,  cannot  Ibc  centre  of  the  uoiTenc—QnieaU  Plat. 

***♦  w??^/l'  "'S*"  «nwppomd  \>f  Wf  other,  t  Plutarch  de  Placlt  PhU.  lU.  13. 

JtQa«st.Acadcm,iY.ao.  t  De  C«io,  lib.  li, 

i  j  D«  rucu.  rh\l  lii,  i9.  I  lMabU(;hw»  Piof eiiw^  ApnlcUu  Ip  FlorMta. 
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metttt  %boat  the  nature  of  oomett  and  was  a  subject  with  which  the  a8trono<« 

the  system  of  the  world»  render  us  not  mers  of  Greece  were  occupied,  with  va- 

averse  to  admit  that  they  taught,  as  is  rious  success,  during  several  centuries, 

affirmed  by  some  authors*,  the  plurality  The  difficulties  arose  from  the  perse- 

of  worlds ;  that  they  believed  the  fixed  verance  with  which  they  attempted  to 

stars  to  be  so  many  suns,  each  the  centre  conciliate  the  motions  of  the  sun  and 

of  a  system  similar  to  our  own.  If,  on  the  moon.    The  month  being  determined  by 

one  hand,  this  idea  is  found  to  be  ascribed  a  lunar,  and  the  year  by  a  solar,  revolu- 

to  them  only  by  some  very  ignorant  au-  tion,  they  must  soon  have  perceived  ^at 

thors,  on  the  other,  it  may  be  observed,  the  former  was  not  contained  any  in- 

that  the  notion  itself  is  much  too  sublime  tegral  number  of  times  in  the  latter, 

to  have  emanated  from  such  unpbiloso-  Their  object,  then,  was  to  find  a  number 

phical  sources.  What  is  to  be  deeply  re-  of  years,  or  period,  at  the  end  of  which 

gretted  is,  that  to  these  just  and  beautiful  a  restitution  would  be  effected,  and  the 

Uieories  the  Pythagoreans  should  have  beginning  of  the  month  and  the  year 

added  fanciful  and  extravagant  specula-  again  correspond.    This  problem  was 

tionsupon  numbers,  harmony,  and  the  di-  more  difficult  than  they  seem  to  have 

mensions  of  the  celestial  orbits.  One  of  imagined ;  for,  in  the  first  place,  the  two 

these  fanciful  ideas  has  given  rise  to  the  revolutions  are,  strictly  speaking,  incom- 

celebrated  notion  of  the  music  of  the  mensurable ;  and  secondly,  the  moon*s 

spheres ;  it  would  seem  that  Pythagoras  mean  motion  is  subject  to  a  secular  ac- 

fancied  he  perceived  an    analogy  be-  celeration,  which   even  if,  an  accurate 

tween  the  distances  of  the  planets  and  period  could  be  found,  would,  in  the 

the  divisions  of  the  octave  in  music,  course  of  time,  render  it  inexact.   How- 

But  the  passafi:e  in  which  this  doctrine  is  ever  it  was  not  impossible  to  find  some 

explained  by  Pliny  t  appears  to  contain  practical  solution  which  would  be  tele- 

some  mistake,  for  as  he  has  stated  it,  it  rably  accurate  for  a  time  of  no  very  great 

is  incompatible  with  the  Pythagorean  sys-  length,  and  to  this  object  their  attention 

tem  of  the  motion  of  the  earth ;  and  even  was  directed* 

putting  this  out  of  the  question,with  an-  The  first  period  of  the  kind  alluded  to 
other  opinion  attributed  to  Pythagoras  was  one  of  eight  years,  proposed  by 
by  Pliny  himself {;  namely,  that  the  Cleostratus  of  Tenedos*.  To  under- 
morning  and  evening  stars  are  the  same,  stand  its  advantages  and  defects,  it  is 
From  the  way  in  which  Pliny  expresses  necessary  to  observe  that  the  Greek  lunar 
himself  on  this  last  point,  one  would  year  was  composed  of  354  days,  divided 
be  led  to  believe  that  Pythagoras  was  mto  twelve  months,  alternately  of  29  and 
aware  that  Venus  and  Mercury  re*  30  days.  Cleostratus  proposed,  in  the 
volved  round  the  sun.  This  doctrine  course  of  the  eight  years,  to  insert  three 
we  have  before  seen  had  its  origin  in  intercalaiy  months,  of  30  days  each,  at 
Egypt ;  but  on  that  account  is,  perhaps,  the  end  of  the  third,  fifth,  and  eighth 
the  more  tikely  to  have  formed  one  of  years  respectivelyt.  He  thus  got  a  pe- 
the  alleged  discoveries  of  the  Samian  riod  of  2922  days,  comprising  99  lunar 
philosopher}.  revolutions.    But,  in  reality,  99  lunar 

The  arrangement  of  their  calendar  revolutions  are  performed  in  somewhat 

more  than  2923  days,  12  hours ;  so  that 

at  the  end  of  the  period  there  was  an 

•  Plutarch  dePiac.  Phil.  11.16.  AcMiki  Tatias  error  of  36  hours  on  the  place  of  the 

laagogr.  w,*».i« 

t  Hist.  Nat  11.21.    Cf.  Censoriottm  d«  dlt  Na-  BlOOn. 

taiio.  Various  methods  were  proposed  to 

I*  ^/h„?-.?^Sf;i!r.i«2f:S;1i»ti«.  .r  '««%  tWf,  defect,  but  none  with  umch 

▼arloai  abtnrd  opioloas  attrlhnted  to  the  philoao-  SUCCesS  till  WC  COme  tO  the  time  Of  Me- 

pbcrt  of  the  Ionian  and  Pythagorean  achoola  by  (qU.  This  astronomer  immortalized  him- 

■ome  of  the  later  writers  of  anUqalty.    These  sto-  _^ir  k,.  iV.<>    ;«,rA»«:rvn  />f  «    naur    A«r#.1o 

ries  are  always  etUier  at  yarlanJe  iith  what  we  8e»  by  the    invention  Ot   a   new    Cycle. 

know  from  more  ancient  and  anthenUc  sources,  or  whlch,  taking  into  aCCOUnt  the  accUracy 

'^'^!^^t£^'^JSJiS7^^S.i^l^li  cornered  with  the  number  of  yean,  con- 

ihe  narrator.  It  woaid  be  a  waate  of  Ume  to  die-  tained  in  the  penod,  may  be  Considered 

cuss  all  the  absurdities  of  this  nature  to  be  found  as  the  mOSt  perfect  CVer  proposed.     For 

in  Plntarcb.— an  author  whose  inaccuracy, careless-  -x    •      -i-_„  A^of  if  ;<>    ama  of  fka  «rvAaf 

ness,  snd  InconsisUncr  are  not  yet  piperly  ap-  »t   IS   clear  that  it  IS    One  Of  the  great 

predated.    A  recent  historian  of  astronomy  has  mcnts  Of  a  cycle  Of  thlS  Kind,   intended 

drawta    largely,    and    almost   ezclnslTelyt  from    »__« 

him  in  his  sketch  of  the  notions  of  Thales,  Pytha-  —--—-----—--—--—-----————     • 

foras,  and  their  sncceasors.    Y»J>t]atab,,o^»  dt.  •  Censorinos,  c.  IS. 

rotloni  CMntraki,  t  V.  Oemin.  Isaf^og.  c  S. 
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ibr  the  purposes  of  dril  life,  to  etnn|)ri«e  anv  error  on  the  uooiii*s  place,  (hougfi  If 

as  small  a  number  of  years  as  possible*  will  leave  one  of  more  than  a  da^  on  thftt 

The  cycle  of  Melon  was  composed  of  19  of  the  sun.    However  this  period  nevei* 

lunar  years,  in  which  seven  months  of  seems  to  have   been  much  used  even 

30  days  were  intercalated ;  namely,  in  among  astronomers;  Ptolemy  though  a 

the  3dp  6th,  8th,  11th,  14th,  17th,  and  follower  and  admirer  of  Hipparchus,em' 

19th  years.    Besides  this,  some  altera-  ploys  in  preference  that  of  CaJlippus. 

tion  was  made  in  the  distribution  of  The  celebrity  of  feudoxus  of  Cnidus, 

the  ordinary  months :  instead  of  hav-  rather  than  his  real  merits,  induce  us  to 

ing  them  alternately  of  29  and  30  days»  say  a  few  words  of  him  in  this  place.   It 

there  were  1 10  only  of  the  former,  and  is  difficult  to  say  upon  what  the  astro- 

125  of  the  latter,  in  the  period.  To  judge  nomical  reputation  of  this  philosopher 

of  the  accuracy  of  the  Metonian  cycle,  is  founded.     He  was  the  friend  and 

we  must  consider  that  19  sotar  years  contemporary  of  Plato,  and  a  distin- 

comprise  very  nearly  6939  dayfn,  14  hours  guished  geometer,  but  his  merits,  whe- 

25  minutes ;  and  235  lunar  revolutions  ther  as  an  observer  or  a  theorist  in  as- 

comprise  6939  days,  16|  hours  nearly;  tronomy,  appear  to  be  very  equivocal 

so  that  at  the  end  of  this  time  the  moon  He  composed  a  description  of  the  sphere 

was  only  about  two  hours  l>ehind  the  which  enjoyed  great  celebrity  among  the 

sun.    The  cycle  of  Meton  comprising  ancients,  but  it  would  seem  from  the 

6940  dajTS,  after  one  period  the  sun  had  poem  of   Aratus  which  was  founded 

already  commenced  his  revolution  nine  upon  it,  and  from  the  commentary  of 

hours  and  a  half,  the  moon  seven  hours  Hipparchus,  to  have  been  but  a  rough 

and  a  half*.    The  great  accuracy  and  and  inaccurate  production.    It  has  been 

convenience  of  this  invention  procured  supposed  by  Newton  and  others,  that 

it  universal  approbation ;  it  was  adopted  Eudoxus  merely  copied  the  description 

throughout  Greece,  and  obtained  the  of  a  sphere  long  anterior  to  his  own 

name  which  it  still  bears  of  fhe  golden  time ;  but  we  rather  lean  to  the  opinion 

number.    The  first  cycle  began  in  the  of  Delambre,  who  seems  to  have  shown 

^ear432  B.C.  pretty  clearly  that  the  positions  on  the 

Callippust  about  a  century  later  pro-  sphere  of  Eudoxus  are  essentially  inao« 

posed  to  remedy  the  slight  defect  of  the  curate,  and  cannot  be  made  consistent 

cycle  of  Meton,  by  subtracting  one  day  by  fet  reference  to  any  other  time  what* 

every   76  years.     This  was  done   by  ever. 

changing,  after  four  periods  of  19  years,  Eudoxus  is  said  to  have  studied  thir« 
one  of  the  months  of  30  days  into  one  of  teeii  years  in  Egypt*.  Seneca  informs 
29.  Callippus  thus  got  a  period  of  76  us  .that  he  brought  from  that  country 
years,  comprising  27769  days.  Now  we  into  Greece,  the  theory  of  the  five 
may  estimate  that  940  revolutions  of  the  planetst;  this,  if  true,  can  only  allude 
moon  make  27758*,  1 8\  6",  76  revolu-  to  some  very  rough  approximation  to 
tions  of  the  sun  27758*,  9^,  42".  The  their  motions,  as  we  know  that  Hip- 
error  on  the  place  of  the  moon  then  was  parchus  was  obliged  to  abandon  the 
5^  54";  on  the  sun  14^  18™t.  It  was  consideration  of  this  subject  from  the 
the  accumulation  of  this  error  that  en-  want  of  sufficient  observations.  We 
tailed  the  necessity  of  the  Gregorian  re-  owe  few  thanks  to  Eudoxus  %  for  a 
form  to  be  explained  in  a  subsequent  physico-mathematical  hypothesis,  which, 
part  of  this  treatise.  The  first  Callippic  having  been  adopted  by  the  Peripate- 
period  began  in  the  year  330  b.c.  tics,  spread  through  their  influence,  and 

The  above-mentioned  are  the  only  pe-  became  the  received  doctrine  on  these 

riods  that  have  been  in  civil  usage ;  but  points,  till  the  final  overthrow  of  the 

Hipparchus  appears  to  have  composed  school  of  Aristotle  in  the  sixteenth  cen< 

one  of  four  Callippic  periods  or  304  years,  tury.    He  conceived  that  each  planet 

at  the  end  of  which  he  subtracted  a  day.  had  a  sort  of  firmament  composed  of 

By  reference  to  what  has  been  said,  it  several  concentric  solid  spheres,  whose 

will  be  seen  that  this  will  almost  destroy  different  motions  modifiea  each  other* 

so  as  to  represent  the  motion  of  the 

planet.    Thus,  in  the  case  of  the  sun» 


•  Bailly,  Astron.  Anc.  p.  225. 

t  Geminu*,  l.c.    It  li  rather  siogalar  tbtt  G«-  ' ~ 

minus  does  not  refer  the  invention  of  the  cycle  of 

nineteen  years  to  Meton  and  Eucteraon,  who  ar«  •  Strabo,  lib.  xrll.  29. 

usually  considered  its  iDTentors,  bat  to  ii^actemoa  t  QueesL  Nat,  vil.  3. 

andPhlUppus.  i  Aristot.  Metaph.  xi.  8.  Of,  SlmpUclam  de  Coelo- 

X  Bftllly,  p.  849.  Ub.  li.  '  ' 


H1ST0ET  OF  ASTRONOMY/  Is 

there  Werte  three  of  theee  tiiheree,  one 

devolving  from  east  to  west  in  twenty*  Cbaptbr  VI. 

four   hours   for   the    diurnal    motiop,  The  School  of  Alexandria.-Aristar^ 

another  revoWn^  from  west  to  east  m       chu,,^  EraloMenes.  ^ Measure  of 

fi^  J  ?*^J1  ^""^l^T^^^  l^!2l*'°^.*"^  \       'A^  Earih.^Hipparchui.^Ptolemy. 

tlurd  to  represent  a  pretended  motion  of  -,.    . 

the  sun  in  latitude.  As  the  motion  of  ^b  have  now  arrived  at  an  important 
one  sphere  was  not  supposed  to  have  ®P^^  >"  *^^  history  of  Astronomy,— the 
any  influence  on  that  of  another,  each  foundation  of  the  school  of  Alexandria, 
planet  was  obliged  to  have  a  separate  Y  ^^  **  ^^  division  of  the  empire  of 
sphere  for  the  diurnal  motion  common  Alexander,  Egypt  fell  to  the  share  of 
to  them  all.  The  number  of  spheres  in  ^tolemy  Lagus.  and  his  successors, 
the  system  of  Eudoxus  amounted  to  these  pnnces,  mspired  with  the  laudable 
twenty-six,  but,  as  fresh  inequalities  were  ambition  of  making  their  capital  the 
perceived,  it  became  necessary  to  aug-  ^^^^  of  the  literary  and  scientific  world, 
raent  their  number  very  considerably,  collected  round  them  the  most  dislin* 
and  to  increase  at  the  same  time  the  Suished  philosophers  of  the  time,  founded 
complication  of  the  hypothesis.  •  magnificent  and  extensive  library,  and 
Pytheas,  of  Marseilles,  a  celebrated  ^^^  no  expense  in  the  promotion  of 
traveller  and  geographer,  generally  sup-  philosophical  researches.  Under  their 
posed  to  have  lived  about  the  time  of  protection  flourished  a  number  of  dis* 
Alexander  the  Great »,  deserves  par*  tinguished  astronomers,  who  have  made 
ticular  notice,  as  the  author  of  one  of  the  school  ofAlexandria  for  ever  famous, 
the  most  remarkable  observations  on  ^e  find  now,  for  the  first  time  in  Greece^ 
record  in  Grecian  history.  Thouirh  the  *  regularly^onlinued  series  of  observe^ 
gnomon  was  certainly  known  in  Greece,  *!?"»•  .*ne  only  real  basis  upon  which 
at  least  as  early  as  the  time  of  Herodo.  *"«  science  could  be  founded.  They 
tus,  very  few  observations  seem  to  have  ^^.  S^if^n  by  AristiUus  ahd  Timo* 
been  made  with  it;  very  few  at  least  charis •,  who,  if  we  may  judge  from  the 
have  come  down  to  us.  The  earliest  on  observations  recorded  by  Ptolemy,  gave 
record  is  a  summer  solstice  observed  at  "eir  attention  particularly  to  the  deter- 
Athens  by  Meton  and  Euctemon,  in  the  mmation  of  the  poeitions  of  the  fixed 
year  432  B.C.,  which  has  been  pre.  "t*"'  The  first,  however,  of  those  great 
served  by  Ptolemy  t.  The  next  is  the  ™?n  ^'"o  have  reflected  so  much  cele^ 
observation  of  Pytheas  in  question,  bnly  on  this  eohod,  is  Aristarchus,  of 
Strabo  informs  us.  that  according  to  ®*°S*J»  *  dutinguished  advocate  of 
Hipparchus.  the  same  ratio  existed  be-  the  Pythaitorean  system  of  the  motion 
tween  the  gnomon  and  the  solstitial  "  the  earth,  who  seems*  from  the  testi- 
shadow  at  Byzantium,  that  Pytheas  had  "^"X  ^f  Archimedes,  to  have  foreseen 
observed  at  Marseilles ;  and  in  another  "»o  answered  the  only  serious  objection 
place  he  informs  us,  that  the  ratio  ob-  *o  it,  that  arising  from  the  non-existence 
served  at  Byzantium  was  190  to  411.  of  ah  annual  parallax.  He  gave  the  only 
Now,  the  fact  is.  that  Byzantium  and  »nswer  that  could  be  given  at  present, 
Marseilles  are  not  under  the  same  pa-  by  saymg  that  the  earth's  orbit  is  insen. 
rallel ;  on  the  contrary,  the  latter  is  "ble,  when  compared  with  the  distance 
more  than  two  degrees  to  the  northward  of  the  fixed  stars, 
of  Byzantium,  and  its  latitude  is  about  Anstarchus  is  the  author  of  an  in- 
46°  42'.  The  observation  in  question  genious  method  for  determining  the  dis- 
gives  for  the  latitude  of  the  place  of  ob-  t*nce  from  the  eaHh  to  the  sun,  which 
servation  46**  48'.  We  see,  then,  that  "  ^orth  notice.  Let  E  be  the  position 
the  observation  was  made  at  Marseilles,  of  an  observer  on  the  earth's  surface, 
and  with  a  care  which  reflects  much  M  the  centre  of  the  moon,  S  that  of  the 
credit  on  Pytheas  %.  ;««.  Join  8  M,  8  E.  E  M.  It  is  not  dif- 
i ncult  to  see,  that  when  (he  line  which 

«  330  B.C.  t  SynUji.  lib.  lit  c.  %  --------- ---—^———^— . 

t  A  curious  intUnce  of  the  partiality  of  De  Iblt  eircumaUncc,  DeUmbrc,  who  nishcs  to  exaU 

lambre  it  to  be  founa  in  hia  Aalron.  Aiic.toI.  i.  tiipparchua  as  much  as  possible,  suppresses.    It 

p.  la     He  says  that  Pytheas  found  Martelllei  Is  difficult  to  concelrethat  this  was  done  f^om  any 

and  Bytantium   to  be  under  the  saaie  parallel,  niatake,  as  he  refers  to  de  Sach,  who  has  com. 

and  thence  he  concludes,  that  the  obserTatloni  pletel'y  exculpated  Pytheas  from  the  chaise^  and 

nf  this   astronomer  are  not  to  be  relied  upon,  shown  that  It  ought  to  fall  on  Hipparchus.— Vldt 

Now.  Strabo  expressly  states,  it.  6.,  that  it  was  Xach.  AttracUon  dea  Monlagoct,  toI.  U. 
Hipparchus    who   observed    the   length  Of  the        •  About  300  B.C. 

shadow  at  Bysaotium.  and  found  it  to  be  the  same        t  Bis  date  is  £xed  by  an  obserTstion  of  a  aolUlct 

as  that  obstnrtd  at  MantlUct  by  Pythcaa.   But  In  the  yetr  SSI  B.C.,  ^irea  in  Ptolemy. 
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■eptrfttei  the  daik  from  the  eiilkhtened   foidered  for  ever  memonble  bjHieint 
I ioe  of  the  mooa  biieott  her  disk,  the    attempt  to  determine  the  dimentioDt  of 

the  planet  on  which  we  live.   The  sphe* 
S  licai  figure  of  the  earth  had  long  heeii 

known  in  Grreeee:  it  had  heen  tawkt  in 
the  Ionian  and  I^thagorean  8<£oolSy 
and  subeequently  among  the  Peripale* 
tics ;  in  fact,  it  is  a  trath  of  too  ob» 
v'wma  a  nature  not  to  strike  observers 
even  in  the  most  incipient  state  of  the 
science.  But,  to  determine  the  magni- 
tude of  this  sphere  was  a  problem  of 
some  di£5culty,  nor  have  we  any  reaaon 
to  believe  that  it  was  attempted  before 
,.  ,  the  time  of  the  philosopher  just  men- 
shraiffht  line  B  M  will  be  perpendicular  tioned.  Aristotle  *,  indeed,  tells  us  that 
to  8  M.  If,  then,  at  the  instant  thii  the  mathematicians  had  fixed  the  cir^ 
bisection  takes  place,  we  measure  the  cumferenceof  the  earth  at  40000  stadiL 
angle  S  E  M,  we  shall  be  able  to  deter-  But  this  seems  merely  to  have  been  a 
mine  the  ratio  of  £  S  to  £  M.  Ans-  rough  estimation ;  nor  is  it  worth  dis- 
tarchus  found  this  an^e  8  £  M  not  less  cussing  the  value  of  the  stadii  hero 
than  eighty-seven  degrees,  whence  he  used,  which  would  be  very  difficult  to 
concluded  that  the  sun  was  at  leut  ascertain.  Simplicius  t  teUs  us  that 
eighteen  or  twenty  times  as  far  firom  the  Aristotle  meant  the  surface,  not  the 
earth  as  the  moon.  The  fact  is.  that  it  circumference,  of  the  earth.  This  may 
is  a  great  deal  farther.  The  practical  be  doubted ;  but  one  thing  seems 
difficulty  of  the  method  lies  m  the  diffi-  clear,  that  this  commentator  attached 
culty  of  determining  exactly  the  instant  uttie  importance  to  the  determination  of 
at  which  the  moon  is  dichotomized,  as  it  Aristotle,  as  he  himself  gives  a  very 
iscalled;  still  the  method  of  Aristarchus  different  one,  without  remarking  the 
showed  much  ingenuity,  and  his  results  discrepancy  as  one  of  importance, 
earned  the  limits  of  the  universe  much  The  method  adopted  by  Eratosthenes 
farther  than  had  been  admitted  before  jg^  ^  its  principle,  the  same  which  baa 
his  time.  ^  ^     ,^        beenusecf  by  astronomers  in  allsubse- 

Aristarchus  has  attempted  to  deter-  q^ent  measures  of  the  same  kind  J.  It 
mine  as  well  the  apparent  diameten  as  consisted  in  determining  by  celestial 
the  distances  of  the  sun  and  moon.  That  observations  the  difference  of  latitude 
of  the  sun,  he  estimated,  like  Thales,  at  between  two  places  lying  under  the  same 
thu-ty  minutes;  but  he  seems  to  have  meridian,  and  then  measuring  the  dis- 
committed  some  mistake  on  that  of  the  tance  on  the  earths  surfece  between 
moon :  however,  the  real  diameter  of  them.  Hence  he  deduced  the  length  of 
that  body  he  valued  at  lather  less  than  ^ne  degree  on  this  surface,  and  multi- 
one-third  that  of  the  earth,  which  may  pjyj,^  jt  by  360^  he  found  the  magni- 
be  considered  as  a  near  approach  to  the  tude  of  the  entire  circumference.  Tlie 
^™J'  11  J  XL     *  rm-    rM_  cxtremc  points  of  his  arc  were  Syene  in 

The  poem  caUed  the  «The  Pheno-  UpperEgypt,  and  Alexandria.  The  former 
mena  of  Ai^tus,  perhaps,  deserves  a  place  was  supposed  to  be  exactly  under 
short  notice  here,  not  on  account  of  any  the  tropic  of  Cancer,  from  the  cireum- 
intnnsic  merit,  so  much  as  the  celebrity  stance  that  on  the  day  of  the  summer  sol- 
It  enjoyed  among  the  ancients,  havmg  ^tice  for  a  space  of  about  300  stadu  verti- 
been  commented  upon  bv  Eratosthenes,  cal  bodies  threw  no  shadow.  At  mid-day, 
Hmparchus,  Gemmus,  Achilles  Tatms.  then,  on  the  summer  solstice,  that  is,  at  the 
and  manjr  others ;  and  translated  into  moment  at  which  the  sun  was  supposed 
Latin  l)y  Cicero.  Germanicus,  and  Ame-  to  be  vertical  at  Syene,  Eratosthoies 
"^■^  4  ,  ??^'"**  principally  of  an  ac-  measured  the  sun's  xenith  distance, 
count  of  the  constellations,  with  theur  ^bich  gave  him  at  once  the  difference 
achronical  and  heliacal  nsmgs  and  set-    of  latitudes.     This  zenith  distance  he 

w"5!:..^"'''*!u  *^°i  ^^  ^^^''J'^   found  to  be  Ath  part  of  theciroumfer- 
Eudoxus  on  the  Sphere.    The  astro-  '       ^ 

nomical  part  has  been  severely  but  not   

unjustly  criticised  by  Hipparchus.  *  J*  Ctel*'  !!***  ii"  "^  *°*"' 

^   The  name  of  Eratosthenes  has  been      I  v!a«oS«tMite«r,  iib.  l.c.  lo. 
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nfift>or  T^ld'*.   The duttaee between  end  that  one  of  tke leeit  inq;MMrteiiee^ 

Syene  and  Alexendria  he  estimated  at  baa  desoended  to  posterity;  a  commen* 

^000  stadii:   be  found  thus,  for  the  taryonthe.Phenomenaof  Aratus.    This 

length  of  the  circumferenoe,  250,000  sta-  astronomical  poem  is  in  faet  a  descrip* 

dii*  To  judge  of  the  accuracy  of  this  mea-  tion   of  the  sphere,  the   materials  of 

sure  we  ought  to  know  what  was  the  which  Aratus  seems  to  have  taken  from 

Talueof  the  stadii  employed,  about  which  Eudoxus ;  the  positions  of  the  stem  are 

there  is  great  uncertainty ;  but  it  is  at  given  in  a  very  rough  and  often  in  a 

once  obvious   that  there    are  several  very  inaccurate  manner,  and  scarcely 

sources  of  inaccuracy.  Syene,  we  know,  deserve  a  commentary  from  an  astro- 

is  not  under  the  meridian  of  Alexandria,  nomer  so  eminent  as  Hipparchus»    This 

but  nearly  three  degrees  to  the  eastward  commentary  seems  to  have  been  written 

of  it ;  it  IS  also  about  50'  to  the  north  of  when  Hipparchus  was  a  young  man ; 

the  tropic ;  lastly,  the  distance  between  at  all  events  before  he  had  discovered 

this  place   and  Alexandria  seems    to  the  general  motion  of  the  stars  in  longi- 

have  been  estimated,  not  measured.  tude,  to  which  it  contains  no  allusion. 

About  two  centuries  later,  Posidonius  The  most  interesting  fact  that  can  be 

mode  an  attempt  to  verify  the  measure  elicited  from  it  is,  that  Hipparchus  was 

of  Eratosthenes  t.    He  observed,  that  then  in  possession  of  a  method  for  the 

in  tlie  island  of  Rhodes  the  star  Cano*  resolution  of  spherical  triangles.*    As 

pus  just  grazed  the  horizon,  while  its  we  find  no  traces  of  the  science  of  sphe* 

meridian    altitude   at  Alexandria  was  rical  trigonometry   in    any    preceaing 

71  degrees.    The  distance  of  the  two  author,  Delambre  concludes,  and  appa* 

places  he    estimated  at  5000  stadii;  rently  with  reason,  that  Hipparchus  was 

nence  he  got  the  length  of  the  circum-  the  inventor  of  it.    This  is  certainly  not 

ference,  240,000  stadii.    But  this  mea-  the  least  of  the  obligations  we  owe  him ; 

sure  is  perhaps  still  more  inaccurate  than  for  it  is  evident  that  astronomy  could 

the  former:  the  distance  being  across  the  make  little  progress  without  the  assist- 

sea,  could  only  be  most  roughly  esti-  ance  of  trigonometry.    But  though  the 

mated;  and  there  is  also  more  than  a  works  of  Hipparchus,  with.this  exception, 

degree  of  difference  in  the  longitudes  of  are  lost,  we  are  able  to  ascertain  pretty 

the  extreme  points.  exactly  the  extent  and  nature  of  his 

But  to  return  to  Eratosthenes:  he  discoveries  from  the  great  Syntaxis  of 
seems  to  have  observed  the  winter  as  Ptolemy.  We  see  there  that  the  foun* 
well  as  the  summer  solstice  at  Alexan«  dations  of  nearly  all  the  theories  deve- 
dria,  for  we  possess  a  valuable  determi«  loped  by  Ptolemy,1  were  laid  by  Hip- 
nation  of  the  obliquity  of  the  ecliptic  by  parchus:  the  additions  made  by  the 
him  { :  he  is  said  to  have  fixed  the  angle  former  will  be  examined  in  a  subsequent 
between  the  tropics  at  |i  parts  of  the  part  of  this  treatise, 
circumference,  or  47^42'  27",  whence  The  astronomers  of  Greece  for  se- 
we  get  for  the  obliquity  of  the  ecliptic  veial  centuries  had  supposed  the  exact 
23^51'  13";  the  theor]^  of  universal  length  of  the  solar  year  to  be  365  days 
gravitation  would  make  it  about  7'  less,  and  a  quarter.  Hipparchus  by  compar- 
which,  under  all  the  circumstances,  is  ing  one  of  his  own  observations  of  the 
an  inconsiderable  difference.  summer  solstice,  with  one   made  145 

Among  the  distinguished  men  pro-  years    previously    by    Aristarchus   of 

duced    by  the  School  of  Alexandria,  Samos,  discovered  this  to  be  too  great. 

Hipparchus^  stands  pre-eminent.    He  He  found  that  the  solstice  arrived  12 

hasbeencalledthe  Father  of  Astronomy;  hours  sooner  at  the  end  of  these  145 

and  it  is  unquestionable  that  by  his  labours  years  than  it  oug^t  to  have  done,  on 

were  laid  the  foundations  of  the  science,  the  supposition  of  the  solar  year  being 

Far  surpassing  his  predecessors,  he  has  365^  days ;  12  hours  divided  by  145  gave 

been  equalled  by  few  of  his  successors,  him  the  diminution  to  be  made  on  the 

Strhaps  by    none    except  Kepler  and  length  of  the  year.    In  this  way  he  found 

radley.    Of  all  his  writings  only  one,  for  the  lengtn  of  the  tropical  year  365 

— days  5  hours  55  minutes  12  seconds. 

•  To  this  most,  in  all  probability,  be  added  15'  The  sun  appearing  to  move  in  a  circle 

for  the  Bun's  aemidlaineter :  the  Greeks  generally  round  the  earth   it  wm  nftttiriil  to  sntw 

seem  to  have  Deflected  Uils  coirection  la  obserr*  rO""a  jne  eann,  II  was  naiurai  10  SUp* 

log  with  the  gnomon.  posc  that  his  motion  m  the  ecliptic  waa 

t  cieompL  cap^^cit.  Uniform;  andjsuch  was  probably  the 

J  Born  at  Klc«a  in  piUiyals  i  fLowAiHud  aboat 

B.C.  «  Y.  Peknbrt,  Attron.  Aac.   Vol  1.  p.  142, 
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opSnioii  of  i\m  ewrty  astttmom^iv  of 
Greece.  However  when  they  began  to 
make  observations  with  the  gnomon, 
they  could  not  helt>  perceiving  a  oonsi* 
^derable  difference  between  the  intervals 
of  tile  equinoxes  and  solstices;  intervals 
which  must  be  equal  were  the  motion 
of  the  sun  round  the  earth  uniform. 
Ilipparchus  undertook  to  investigrate  this 
point  He  observed  that  the  interval 
between  the  vernal  equinox  and  the 
summer  solstice  was  94^ days;  between 
the  summer  solstice  and  the  autumnal 
equinox  92(.*  Thus  the  sun  took  187 
days  to  describe  the  northern  half  of  the 
ecliptic,  and  only  178i  for  the  southern 
half;  indicating  a  considerable  increase 
of  velocity  during  the  latter.  To  explain 
this  irregularity,  Hipparchus  supposed 
the  sun  to  move  round  the  earth  m  an 
excentric  circle ;  that  is  in  a  circle, 
whose  centre  did  not  coincide  with  that 
of  the  earth.  It  is  clear,  that  in  this 
case  the  sun,  though  moving  uniformly 
in  its  orbit,  would  appear  to  a  spectator 
at  the  earth  to  move  with  an  unequal 
velocity,  on  account  of  the  variation  of 
its  distance.  The  question  was  to  de* 
termine  the  quantity  of  this  excentricity, 
that  is  to  say,  the  distance  of  the  earth 
from  the  centre  of  the  solar  orbit ;  and 
the  position  of  the  apogee  and  perigee, 
or  of  the  points  of  greatest  and  least 


distance.  Let  ADBF  represent  the 
circle  in  which  the  sun  is  supposed  to 
revolve ;  let  the  centre  of  this  circle  be 
at  C,  and  the  earth  at  E :  according  to 
Hipparchus  the  sun  revolves  with  an 
uniform  motion  round  C  :  it  is  evident 
that,  seen  f^om  E,  his  motion  will  appear 
unequal :  it  will  be  fastest  at  the  point 
B  or  the  perigee;  slowest  at  A,  the 
apogee :  let  Ml  N  be  the  line  joining 
the  sun's  places,  at  the  two  solstices;  P  Q 
at  the  equinoxes:  the  object  of  Hippar- 


*  PtoL  Syntax.    Lib.  ill. 


ehus  was  to  ftseerfaiA  th«  mtio  of  1 0 1» 
B  C,  and  the  arc  Q  A  which,  determhieft 
the  position  of  the  apogee.  By  com- 
bining his  observations  of  the  equihoxeft 
and  solstices^  he  found  the  excentrioity 
fequal  to  ^th  part  of  the  radius,  and 
the  longitude  of  the  apogee,  or  the  are 
Q  A,  equal  to  65''  30'.  This  value  of 
the  excentricity  is,  however,  too|reat 
by  about  one-sixth.  The  excentricity 
and  place  of  the  apogee  being  once 
known,  it  was  easy  to  construct  Tables 
which  should  give  the  sun*s  position  at 
any  time.  For,  suppose  the  sun  to  be 
at  S,  then  as  he  is  supposed  to  revolve 
uniformly  round  C,  we  can  find  fh)tti 
the  time  taken  to  describe  the  are  AS, 
the  value  of  the  angle  ACS,  and  there- 
fore  S  C  B  ;  and  in  the  trianifle  8  C  E, 
C  E,  and  C  8  are  known,  whence  we 
may  find  C  S  E,  which  is  the  diflBerence 
between  the  angles  ACS  and  A  E  S,  or 
between  the  mean  and  true  anomaly. 
This  difference  is  called  the  enuation  of 
the  centre.  From  what  has  been  just 
said,  we  may  see  how  Hipparchus  cal- 
culated the  values  of  the  equation  of 
the  centre  corresponding  to  successive 
values  of  A  S,  or  the  angle  A  C  8,  in  hit 
solar  Tables.  We  must  recollect  that 
the  instant  of  the  sun*s  passage  through 
the  equinox  at  Q  may  always  be  sup- 
posed known :  the  arc  Q  8  is  propor- 
tional to  the  time 'elapsed  since  the 
equinox,  and  is  soon  found:  QA  il 
known :  [hence  we  find  AS,  and  looking 
into  the  Tables,  find  the  corresponding 
equation  of  the  centre.  This  gives  us 
A  E  8,  and  consequently  Q  E  S,  or  the 
sun's  apparent  longitude  for  any  givea 
time. 

From  the  theory  of  the  sun  Hippar- 
chus proceeded  to  that  of  the  moon. 
By  comparing  some  ancient  eclipses 
with  those  observed  by  himself,  and 
dividing  the  interval  of  time  by  the 
number  of  revolutions,  he  obtained  the 
value  of  a  synodic  revolution  of  the 
moon.  By  methods  similar  to  those  em- 
ployed for  the  sun,  he  determined  the 
excentricity  of  the  lunar  orbit,  and  its 
inclination  to  the  ecliptic,  which  latter 
he  fixed  at  5^.  Finally,  he  is  said  to 
have  measured  the  motions  of  the  lunar 
apogee  and  node.  With  these  data  he 
calculated  the  first  Tables  of  the  sun 
and  moon  of  which  history  makes 
mention.  This  alone  would  have  se- 
cured for  him  the  gratitude  and  admi- 
ration of  posterity.  The  want  of  obser- 
vations, and  perhaps  the  difficulty  of 
their  theory  in  his  system,  prCTented 
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Min'^from  aH^ptio^  »  timilur  imdMr^  fhe  immI  of  t  paM  mm  tibwxt  one-lburtii 
tAkin|<  with  ref^ard  to  the  planets.  of  a  daf.  He  proposed  to  quadruple 
But  the  most  iaportaiit,  perhaps,  of  the  period  of  Callippus,  and  then  to  sub- 
all  the  serTioes  reiiaered  to  astronomy  tract  a  day.  This  new  period  brought 
by  HipparchuB,  was  the  formation  of  t  the  moon  again  to  the  same  plaee  pretty 
catalogue  of  the  fixed  stars.  If  we  eon-  exactly :  the  error  on  the  Bun*s  fhotion 
sider  the  boldness  of  the  attempt,  the  was  about  a  da?  and  a  quarter,  which 
labour  of  the  execution,  and  the  im«  is  one-fbur(h  of  the  error  of  Callippus 
portance  of  the  result,  the  author  of  it  in  the  same  time, 
seems  not  undeserving  the  enthutiastie  We  hare  some  reason  to  be  surprised 
praises  of  Pliny  *.  Such  a  catalogue  is>  that  the  disooyeries  of  Hipparchus  were 
in  fact,  the  foundation  of  all  astronomy,  not  followed  up  by  succeeding  astny- 
The  fixed  stars  are  so  many  standard  Momers.  One  might  have  imagined  that 
points  to  which  the  celestial  motions  are  such  brilliant  success  would  have  stimu* 
referred,  and  the  determination  of  their  lated  others  to  the  Airther  development 
relative  distances  is  of  the  utmost  of  the  science-  but,  extraordinary  as  it 
importance.  By  comparing  their  po-  may  appear,  history  records  not  one 
sitions  at  distant  periods,  we  may  detect  astronomer  of  note  in  the  three  centuries 
those  small  variations  which  require  between  Hipparchus  and  Ptolemy.  The 
centuries  to  become  sensible ;  and  there  uttempt  made  by  Posidonius  to  measure 
is  every  reason  to  believe  that,  if  we  a  degree  of  the  meridian  has  l>een 
possessed  a  really  accurate  catalogiie  already  noticed :  a  few  authors  on  sphe- 
of  twenty  or  thirty  centuries  back,  we  rical  trigonometry  flourished  in  this 
should  be  in  possession  of  many  valua-  interval,  among  whom  may  be  distin> 
ble  discoveries,  which  perhaps  are  des-  guished  Theodosius  and  Menelaus :  but 
fined  to  lie  hid  for  ages.  It  was,  indeed,  astronomy  itself  seems  to  have  made  no 
in  this  way  that  Hipparchus  was  led  to  pro^ss  till  the  time  of  Ptolemy.  This 
his  great  discoverv  of  the  precession  of  eminent  and  laborious  philosopher  f^lt 
the  equinoxes.  On  comparing  his  own  the  necessity  of  uniting  all  the  scattered 
observations  with  those  of  Aristillus  materials  existing  in  the  works  of  Hip- 
«nd  Timocharis,  made  150  years  pre-  parchus  and  others,  which,  combined 
viously,  he  perceived  that  all  the  fixed  with  his  own  discoveries,  fomied,  as  far 
stars,  while  they  retained  their  latitudes  as  the  knowledge  of  the  time  allowed,  a 
Sensibly  unaltered,  had  advanced  about  complete  system  of  astronomy:  by  so 
two  degrees  in  longitude ;  or  what  comes  doing  he  rendered  a  distinguished  ser> 
to  the  same,  the  equinoctial  points  ap-  vice  to  science ;  and  the  publication  of 
piAired  to  have  retrograded  along  the  his  ft^JtiputrUn  0^«^t%  forms  an  important 
ecliptic  by  the  same  quantity.  It  was  epoch.  This  work,  which  has  fortunately 
reserved  for  Newton  to  explain  the  survived  the  barbarism  of  the  middle 
causes  of  this  singular  phenomenon.  ages,  formed  the  basis  of  all  the  astro- 
Such  is  a  brief  account  of  the  astro-  nomy  of  the  Arabians,  and  for  a  con* 
nomical  discoveries  of  Hipparchus :  we  siderable  time  that  of  modem  Europe, 
have  already  seen  that  he  was  the  in-  Its  importance  requires  ^ere  a  concise 
vent  or  of  trigonometry ;  it  also  appears  analysis. 

that  he  was  the  first  who  suggested  the  Ptolemy  t)egins  his  work  with  a  dis* 

method  of  fixing  the  positions  of  places  cussion  of  the  relative  positions  of  the 

on  the  earths  surface  by  their  longitudes  earth,  sun,    and    planets.      We  have 

and  latitudes,  and  that  he  proposed  to  already  seen  that  the  Greek  astronomers 

determine  the  former  by  means  of  lunar  were  divided  on  the  subject  of  the  earth's 

eclipses;  a  method  excellent  in  its  prin-  motion.     Though  many  distinguished 

ciple,  though  now  abandoned  on  account  philosophers  held  the  opinions  of  Py* 

of  some  practical  objections.  thagoras,  the  majority  seem  to  have 

As  notning  connected  with  astronomy  embraced  the  opposite  doctrines.    Ro- 

seems  to  have  escaped  the  sagacity  of  lemy  followed  these  latter,  and,  unfor* 

Hipparchus,  he  did  not  overlook  the  tunately  for  him,  his  name  has  become 

correction  of  the  Calendar.    We  have  attached  to  a  system  now  universally 

seen  that  the  period  of  Callippus  was  admitted  to  be  erroneous.    It  is  true 

far  fipom  exact :  according  to  the  cal*  that  the  ancients  wanted  some  decisive 

eolations  of  Hipparchus,  the  error  at  and  convincing  proofs  of  the  earth*s 

•  Hipparchu.  ouuquam  ..ti.  laudatu..  at  quo  motion,  which  WC  DOSSeSS ;   but  though 

semn    magit    comprobaverit   cognationem    cna  much  haS  been  SSld  tO  CXCUSC  Jrtolemy, 

homine  ayOcrum,  anioiaaqne  noatrM  parttin  CBM  J^jg   justification    remains    VCfy    incom- 

coeli, ausus  rem  eUam  D«o  Improbaa*  aiu       ,  ,*       rni.  .      au^a  V-. -.* 

nQmerarepo.terUateUiis.-HlaUKat.lLL  26,  pletc.      ThS- arguments   that  he  WgeS 
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Againtt  the  eaith*s  m<llkm,  sueh  m  that  to  east,  would  leave  behind  it  the  doodi • 

in  this  case  the  poles  would  not  be  im*  birds  flying  in  the  air,  and,  generally^. 
jnoYeable  points  on  the  celestial  sphere,  all  objects  suspended  in  the  atmosphere, 
that  the  fixed  stars  would  not  idwaya  A  stone  thrown  to  the  east  would  not 
preserve  the  same  apparent  distances  advance,  the  earth  constantly  preceding 
from  one  another,  and  other  objections  it  by  the  excess  of  its  velocity.  These 
of  a  similar  kind,  are  all  obviated  by  objections  are  all  founded  on  an  igno« 
the  single  remark  made  by  Aristarchus.  ranee  !of  the  principles  of  mechanics, 
fourcenturies  previously,  that  the  earth*s  and  seem  to  be  on  a  par  with  those 
orbit  was  a  point  in  comparison  with  urged  by  some  against  the  roundness  of 
the  distance  of  the  fixed  stars.  On  the  the  earth,  and  tt^  possibility  of  the  ex- 
other  hand,  the  motions  of  the  planets,  istence  of  Antipodes ;  arguments  whidi 
60  complicated  and  almost  inexplicable  he  has  himself  successfuUyrefuted. 
in  the  one  hypothesis,  are  accounted  for  The  earth  then,  according  to  Pto« 
so  simply  in  the  system  of  Pythagoras,  lemy,  was  fixed  and  motionless  in  the 
that  one  cannot  but  feel  astonished  that  centie  of  the  heavens;  he  supposed  the 
Ptolemy  should  have  felt  so  little  hesi-  different  planets  to  revolve  round  it, 
tation  in  rejecting  it.  "  The  same  rea-  arranged  in  the  following  order,  accord* 
sons,**  says  he,  '*  which  show  that  the  ing  to -their  distances:  first,  the  Moon, 
earth  is  a  point  in  magnitude  compared  then  Mercury,  Venus,  the  Sun,  Mars, 
with  the  heavens,  will  show  the  impossi-  Jupiter,  Saturn,  and,  lastly,  the  sphere 
bility  of  its  having  a  motion  of  transla«  of  the  fixed  stars.  With  regard  to  Venus 
tion  :**  and  the  only  argument  he  combats  and  Mercury,  Ptolemy  remarks,  that 
at  any  length,  is  tluLt  which  appears  some  astronomers  had  placed  them 
to  have  been  urged  by  some  Py  thago-  beyond  the  sun,  while  others  made  them 
reans,  that  the  earth  being  spherical  nearer:  the  most  ancient  writers  had 
and  unsupported,  ^could  not  remain  at  adopted  the  latter  opinion,  which  had 
rest  in  the  centre  of  the  heavenly  mo-  been  rejected  by  subsequent  authors, 
tions.  Having  discussed  this  point,  with'  because  these  two  planets  had  never 
a  singular  mixture  of  truth  and  error,  been  seen  on  the  sun*s  disk.  This  rea* 
he  adds  these  remarkable  words :  *'  But  son  Ptolemy  rightly  rejects  as  insuf* 
if  there  were  any  motion  of  the  earth  ficient ;  for  such  passages  over  the  sun's 
common  to  it  and  all  other  heavy  bodies,  disk  would  not  happen,  unless  the 
it  would  certainly  precede  them  all  by  planes  of  the  orbits  coincided  with  the 
the  excess  of  its  mass,  being  so  ^reat ;  ecliptic,  or  else  the  nodes  happened  to 
and  animals  and  a  certain  portion  of  coincide  nearly  with  the  sun*s  place  at 
heavy  bodies  would  be  left  behind,  riding  the  time  of  inferior  conjunction.  He 
upon  the  air,  and  tlie  earth  itself  would  does  not  seem  to  be  aware  that  these 
very  soon  be  completely  carried  out  of  passages  or  transits  really  do  take  place; 
the  heavens.  But  such  tbin^  are  most  and  sufficiently  often  in  the  case  of 
ridiculous,  even  only  to  imagine^.**  This  Mercury,  though  but  rarely  in  that  of 
passage  is  remarkable,  because  it  shows  Venus.  But  the  difficulty  of  observing 
bow  little  the  Greeks  had  studied  natural  these  phenomena  renders  it  by  no  means 
and  experimental  philosophy,  and  how  extraordinary  that  they  should  not  have 
ialsely  their  geometers  could  reason  on  been  noticed,  though  it  might  have 
purely  physicid  subjects.  A  heavy  body  taught  caution  to  those  who  affirmed 
jn  vacuo  does  not,  as  Ptolemy  supposes,  positively  their  non-existence.  It  is  much 
move  faster  than  a  lighter  one,  as  may  more  remarkable  that  Ptolemy  should 
be  verified  by  direct  experiment ;  y^  not  have  perceived  that  it  was  possible 
this  he  clearly  considered  a  self-evident  to  conciliate  the  two  hypotheses  m  ques- 
truth,  and  founded  on  it  arguments  tion,  by  making  these  two  planets  re« 
which  must  be  classed  among  the  weak-  volve  round  the  sun;  in  whicn  case  it  is 
est  ever  urged  against  the  Pythagorean  dear  thev  would  be  sometimes  more  dis- 
system  of  the  world.  tant,  and  sometimes  nearer,  than  that 
After  rejecting  the  motion  of  transla*  body.  And  this  inadvertence  is  the 
tion  assigned  by  some  to  the  earth,  he  more  singular,  as  the  doctrine  just  men* 
poceeds  to  examine  the  probability  of  tioned  is  said  to  have  been  muntained 
Its  diurnal  motion  on  its  axis.  This  sys*  by  the  ancient  Egyptians.  It  seems  pro* 
tem  he  confesses  simplifies  very  much  bable  that  the  systematic  ideas  of  Pto- 
the  appearances  of  the  heavens ;  but  it  lemjr  made  him  unwilling  to  place  the 
appears  to  him  equally  ridiculous  with  sun  in  the  centre  of  any  of  the  heavenly 
the  former ;  as  in  this  case,  the  earth  motions ;  or  he  might  have  been  repug- 
irevolviog  with  great  rapidity  from  west  naat  to  consider  any  of  the  planets 
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merely  as  sal dlites  or  geoondaries*  wliicfi, 
in  his  system,  Venus  and  Mercuty  would 
thus  have  become. 

In  considering  the  theory  of  the  sun, 
Ptolemy  adopted  without  alteration  the 
elements  of  Hipparchus»  But  to  the 
theory  of  the  moon  he  made  several 
important  additions.  We  have  seen  that 
Hipparchus  explained  the  irregularity 
of  the  siin's  motion  by  the  hypothesis 
of  an  excentric  cirde.  There  is  another 
way,  however,  of  explaining  this  irre- 
gularity, by  the  hypothesis  of  an  epi- 
cycle. In  this  case  the  planet  was  sup- 
posed to  move  in  a  small  circle,  called 
the  epicycle,  the  centre  of  which  revolved 
nniformly  round  the  earth :  in  the  case 
of  the  sun,  this  epicycle  had  for  its 
radius  the  observed  excentricity  of  the 
orbit ;  and  the  sun*s  motion  m  it  was 
such,  that  during  the  interval  between 
the  apogee  and  perigee,  that  planet  had 
approacned  the  earth  by  exactly  the 
diameter  of  its  epicycle.'* 


Thus  let  E  be  the  earth ;  M,  which  is 
the  centre  of  the  epicycle  D  B  C  N,  re- 

S resents  the  sun's  mean  place,  and 
escril)es  uniformly  the  circumference 
of  the  deferent  MG  AH  ;  while  the  real 
sun  describes  the  circumference  of  the 
epicycle ;  at  the  apogee  the  sun  is  in  N  • 
the  true  and  mean  places  coincide,  and 
the  distance  of  the  sun  from  the  earth  is 
EM+MN  ;  MN  being  equal  to  the 
•Kcentricity.  At  the  perigee  S  is  in  P; 
the  true  and  mean  places  again  coincide, 
and thedistanceis  E  A  -  AP = EM  -MN* 
In  any  intermediate  'position  the 
true  and  mean  places  will  differ  by  the 
angle  GES,  and  the  distance  will  take 
every  value  between  the  limitsEAdbMN. 

^■"  ■■    ■■■■■■■■■       ^^^^^       ■    ■  '^1         ■  I      111        ■  ■ 

*  There  li  a  etleht  mistake  in  the  figare  given 
•boTe :  £  S  should  be  drairn  on  the  other  tide  of 
E  O.  so  that  the  point  S  should  fall  within  the  angle 
ai  fi  O ;  otherwise  the  point  8  wonld  npt  appear  to 
yetoWe  In  the  epicycle  witht  cpntmy  (Ur«p(i90  \9 
tl)«t  Of  O  to  tb«  atfertnl. 


This  ancle  GES,  which  in  faef  is 
the  equuion  of  the  centre,  may  easily 
be  calculated  for  any  ^ven  value  of  the 
are  MG.  For  EG,  and  GS  the  radii  of 
the  deferent  and  epicycle  are  known, 
and  the  angle  OGS  is  eoual  to  MEG: 
the  motion  in  the  epicycle  being  sup- 
posed in  a  contraiydirectiontotnatm 
the  deferent.  This  hypothesis  of  the 
epicycle  coincides  with  thatof  tiieexoen- 
tnc,  when  the  radius  of  the  epicycle  in 
the  one  case  is  equal  to  the  exoentricity 
in  the  other. 

But  as  the  motion  of  the  moon  b  much 
more  complicated  than  that  of  the  sun» 
it  was  necessary  to  have  recourse  to  a 
Combination  of  excentrics  and  epicydes. 
Hipparchus  had  discovered  in  the  moon*fl 
motion  an  ineouality  similar  to  that  of 
the  sun,  and  aepending  on  the  same 
cause,  the  exoentricity  of  its  orbit :  Pto* 
lemy  detected  another  depending  on  the 
angular  distance  between  the  moon  and 
sun.  Thisinequality,  usually  called  the 
evection,  is  greatest  in  the  quadratures, 
and  least  in  the  syzygies ;  but  its  mag- 
nitude also  depends  on  the  combination 
of  the  places  of  the  lunar  guides  with 
those  of  the  conjunctions-  When  the 
conjunctions  happen  in  the  moon*s 
apogee,  the  inequality  we  are  speaking 
of  oecomes  the  greatest  possible  in 
quadratures,  and  amounts  to  about  2^ 
40'.  It  is  then  negative  in  the  first  two 
quarters  (that  is  to,  say,  the  moon  is 
behind  her  calculated  place),  and  posi* 
tive  in  the  last  two.  When  the  con- 
junction takes  place  in  the  perigee,  the 
inequality  in  the  quadratures  is  also  at 
its  maximum ;  but  it  is  positive  in  the 
first  two  quarters,  and  negative  in  the 
latter  two.  In  intermediate  positions  of 
the  lunar  apsides,  the  inequality  dimi* 
nishes ;  when  they  are  in  quadratures* 
it  is  reduced  to  nothing.  FinaDy  it  ia 
negative  in  the  first  two  Quarters,  and 
positive  in  the  last  two,  or  tne  converse^ 
according  as  the  conjunctions  happen 
in  the  &st  or  second  quadrant  of  a 
circle,  counting  from  either  of  the  ap- 
sides in  the  direction  of  the  moon*a 
motion.  The  detection  of  the  law  exists 
ing  between  these  complicated  pheno* 
mena  reflects  great  credit  on  the  saga* 
city  of  Ptolemy. 

To  explain  the  first  inequality  of  thfr 
moon,  that  depending  on  the  exoentricity 
of  its  orbit,  he  imajgined  an  epicycle 
carried  on  an  exeentric ;  an  hypiothMJa 
which  is  the  same  as  that  of  a  simple 
excentric,  if  the  excentrioity  and  nkbua 
of  the  epicjrele  together  are  equal  to* 

tte  eMmtridtjr  of  t^e  simple  ezoratriis^- 
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IV)  feprtsent  Um'  Moond  hiequaliiy, 
ivhich  depemls  upon  the  elongation 
and  the  position  of  the  i^Mides,  he 
tuppoaed  that  the  eentre  of  the  de-> 
lerent  revolved  round  the  earth,  with  a 
motion  equal  to  that  of  the  oentreof  the 
epio^de,  but  in  a  contrary  direction. 
1  nus  the  centre  d  the  epioyde  would 
always  eoincide  in  (juadratures  with  the 
perigee,  and  in  syiigiea  with  the  apogee. 


Let  ABQD  be  a  circle  homocentrie 
with  the  ediptio,  let  E  be  the  place  of 
the  earth*8  centre,  AEQ  is  the  diameter. 
Suppoiethe  moon,  when  in  conjunction, 
to  be  in  apop^ee,  and  let  her  place  at  that 
time  be  A ;  let  the  centre  of  the  excentric 
he  Z.  Now  if  the  moon  in  one  day 
reTohre  throua|h  the  arc  AB,  the  apogee 
in  the  same  time  will  moye  through  the 
arc  AD,  equal  to  AB,  and  Z  will  have 
moved  to  Z'.  In  a  quarter  of  a  month, 
the  points  D  and  B  wiU  be  diametrically 
oppoced,  and  the  centre  Z  will  be  at  Z" ; 
and  the  oentre  of  the  epicycle  will  be  at 
A',  its  nearest  noint  to  the  earth.  The 
Inequality  will  oe  at  a  maximum,  and 
its  general  eflbct  will  be  to  augment  the 
first  inequality,  by  making  the  radius  of 
the  epicycle  appear  larger :  consequently 
)n  the  first  two  ouaKers  the  moon  win 
be  retarded.  At  the  end  of  half  a  month, 
D  and  B  wiU  be  in -conjunction  at  G;  the 
inequality  will  vanish.  After  this  it  wiU 
augment  again  gradually  till  the  quadra- 
ture, and  then  diminish  till  conjunction ; 
but  in  these  two  last  Quarters  the  moon 
will  be  accelerated.  Were  the  moon  in 
perigee  in  conjunction,  the  same  pheno- 
mena would  take  place,  with  the  differ- 
ence, that  the  accderation  would  be  in 
the  first  two  quarters,  and  the  retarda* 
tion  in  the  two  last.  If  the  moon*s 
peri^  and  apogee  were  in  quadratures, 
the  mequality  would  altogether  vanish ; 
as  at  the  end  of  each  quarter,  the  centre* 
of  the  epicycle  would  always  be  ninety 
digraet  fiom^  the  apogae^  Thia  liypo* 


thesis  of  Ptolemv  repretehfs  preHr  weH 
the  greatest  of  the  moon's  ineciuaHties ; 
and  it  certainly  was  a  very  ingenious 
effort  for  the  time ;  but  it  had  several 
defects,  the  principal  of  which  was, 
ttuit  in  oonsequenoe  of  the  proportion 
that  Ptolemy  was  obliged  to  establish 
between  the  exoentriclty  of  the  move- 
able orbit  or  deferent,  and  the  raditia 
of  the  epicycle,  the  moon's  distance 
from  the  earth  in  quadratures  would 
sometimes  be  only  half  of  what  it  is  in 
•yzigies,  which  is  entirely  contradicted 
by  observation;  the  variations  of  the 
moon's  distance  are  comprised  within 
limits  comparatively  very  small 

FVom  the  theory  of  the  moon,  Ptolemy 
proceeded  to  that  of  the  planets,  which 
It  appears  that  Hipparchushad  not  ven- 
turea  to  touch,  deterred  in  all  probability 
by  the  apparent  complication  of  their 
motions.  Ptolemy,  however,  attempted 
to  represent  them,  hy  a  combination  of 
epicycles  and  excentrics.  For  the  supe- 
rior planets,  he  supposed  the  centre  of 
the  epicycle  to  make  a  revolution  on  its 
deferent  in  the  time  of  a  mean  revolution 
of  the  planet,  while  this  latter  revolved  in 
its  epicycle  in  such  a  way,  that  it  was 
always  at  the  lowest  point  of  the  epicycle 
at  the  instant  of  mean  opposition  with 
the  Sim.  The  deferent  itself  was  an  ex- 
centric.  It  is  evident  that  by  deter- 
mining properly  the  magnitudes  of  the 
epicydes,  he  could  represent  all  the 
phenomena  observed.  For  when  the 
planet  was  in  the  superior  part  of  its 
epicycle,  its  motion  was  direct  ,*  when 
in  the  inferior  part,  it  moved  in  a  con- 
trary direction  to  that  of  the  centre  of 
the  epicycle,  and  its  motion,  seen  from 
the  eaithj^ould  appear  direct,  stationary, 
or  retrograde,  according  as  the  motion  m 
the  epicycle  was  less  rapid,  equal  to,  or 
greater  than  that  of  the  centre  on  the 
deferent.  We  see  too  that  each  retrogra- 
dation  was  preceded  and  followed  by  a 
station,  and  that  the  place  of  the  opposi- 
tion sensibly  bisected  the  arc  of  retrogra- 
dation.  Finally,  the  excentricity  of  the 
deferent  explained  the  inequality  of  the 
intervals  between  the  oppositions  ami 
of  the  arcs  of  retro^adation.  But  even 
this  was  not  sufficient  to  satisfy  all  the 
phenomena  observed ;  Ptolemy  was  com- 
pelled to  make  the  centre  of  the  epicycle 
xevdve  with  a  motion  that  was  uniform » 
not  round  the  centre  of  the  excentric  it 
described,  but  round  a  point  as  far 
beyond  this  centre  in  one  direction,  aa 
the  earth  was  from  it  in  the  opposite 
directiop :  thus  virtuallv  abandonuig  the 
perfect    regularity  .which  ,was  long 
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tiKmght  Moeittry  in  tha  orbitf  of  tlit  himtell  otniidaied  hlii  ssritetti  of  defers 

heavenly  bodies.  ents  and  epioyoles  merely  as  a  means  of 

For  the  inferior  planets  the  same  hyr  determining   mathematically  the  posi* 

pothesis  of  an  exoentrio  and  epieyole  tions  of  the  heavenly  bodies  for  any 

was  employed.    In  this  case  the  oentre  given  time« 

of  the  epioyde  always  coincided  with  the  Ptolemy  was  unsuccessful  in  his  re* 

mean  place  of  the  sun,  while  the  planel  searehes  on  the  quantity  of  precession^ 

described  its  oiroumference  with  a  velO"  Hipparohus  had  supposed  it  to  be  about 

city  proportional  to  the  time  employed  one  degree  in  76  years :  Ptolemy,  un» 

in  going  from  one  point  of  greatest  di-  dertaking  to  correct  this  determination, 

fression  to  another.    As  the  ellipse  of  went  much  wider  from  the  truth ;  he 

leroury  is  much  move  sensibly  excen^  fixed  it  at  one  depee  in  100  years, 

trie  than  that  of  the  larger  planets,  whereas  the  real  value  is  one  degree  in 

Ptolemy  found  the  hypotheses  which  72  years.   But  there  is  a  heavier  charge 

satisfied  the  others  insufficient  in  this  against  him:  that  of  having  appropriated 

case.     He  was  compelled  to  suppose  and  published  as  his  own  the  catalogne 

that  the  point,  which  was  the  centre  of  of  fixed  stars,  formed  by  Hipparchus. 

the  uniform  motion  called  the  centre  of  This  seems  to  be  but  too  well  proved, 

the  equant,  instead  of  remaining  fixed.  He  states  the  quantity  of  precession  in 

revolved  in  a  small  circle  round  the  the  265  years  between  himself  and  Hipr 

centre  of  the  exoentric;  the  radius  of  parchus  at  2^  40^:  this  lUone  would 

this  circle  being  equal  to  the  distance  show  that  he  had  not  observed,  as  he 

between   these    two  centres,   and  the  would  have  found  it  consideralily  more  | 

direction    of   the  motion    ^^inst  the  but  if  we  subtract  from  all  his  longitudes 

order  of  the  signs.    But  it  is  impossi#  8°  40^,  the  precession  he  supposed  for 

ble,  in  this  place,  to  follow  him  into  all  fl65  years,  we  get  exactly  the  longitudes^ 

the  artifices  he  was  forced  to  have  re-  such  as  they  were  in  the  time  of  Hip* 

course  to  in  explaining  the  irregularities  parchus,  and  such,  in  fact,  as  that  astro* 

of  the  planetary  motions.  nomer  seems  to  have  fixed  them,  Judg* 

The  extreme  complication  x>f  this  sys*  ing  from  the  positions  given  in  the  com* 

tem  arose  in  a  great  measure  from  the  mentary  on  Aratus. 

law  he  had  imposed  upon  himself  of  As  all  astronomy  must  be  founded  on 

admitting  none  but  circular  motions  in  observation,  Ptdemy  has  not  neglected 

the   heavens :  "  uniform  and  circular  to  describe  the  instruments  used  for  that 

motions,**  says  he,  **  belonging  \yy  their  purpose  at  Alexandria.    To  determine 

nature  to  celestial  bodies.  **    (Syntax,  the  sun*s  altitude,  the  Eastern  nations 

lib.  ix.  c.  ii.)    That  astronomers  should  had  long  been  in  the  habit  of  measuring 

have  attempted  to  represent  all  the  ce-  the  shadow  of  a  vertical  gnomon  ;  and, 

lestial  motions  by  circles,  was  natural  if  a  few  simple  and  obvious  precautions 

enough  in  the  infancy  of  the  science;  be  attended  to,  this  metliod  may  give 

and  as  long  as  the  apparent  inequalities  very    accurate   results.     The   Greeks 

eould  be  represent ea  by  a  combination  learned  the  use  of  the  gnomon  from  the 

of  these  circles,  they  were  justified  in  Chaldeans  at  a  very  early  period ;  and  we 

so  doing:  but  it  is  lamentable  to  olv  have  seen  that  it  was  employed  by  Meton» 

serve  that  men  of  talent  could  mistake  Pytheas,  and  others.    But  at  Alexan* 

gratuitous  and  arbitrary  assumptions  of  dha  it  seems  to  ,have  ^been  but  little 

their  own  for  laws  of  naturt; ;— these  used;  the  astronomers  of  that  plaee 

metaphysical  fancies,  principally    boi^  eobstituting  for  it  armillary  spheres  of 

rowed  from  Aristotle,  about  the  perfeo-  different  kinds.    To  observe  the  sun*s 

tion    and   incorruptibility   of   circular  passag[e  through  the  equinox  they  used 

motion,  long  retarded  the  progress  of  two  circles,  nrmly    attaclied  to    each 

science.  other,  and  placed  one  in  the  plane  of  the 

But  though  the  Aristotelian  physics  meridian,  the  other  in  that  of  the  equa- 

of  Ptolemy  form  a  strange  contrast  with  tor:  at  the  moment  of  the  equinox  this 

the  geometrical  knowledge  disf^ayed  in  latter  was  not  illuminated  by  the  sun  on 

his  work,  it  would  be  unfair  to  charge  either  side.    For  the  solstice  they  used 

him  with  having  admitted  the  monstrous  two  concentric  circles  in  the  plane  of 

doctrine  of  solid  transparent  spheres,  the  meridian,  the  one  revolving  within 

revolving  the  one  within  the  other,  and  the  other,  and  carrying  two  small  prisms 

each  canying  a  planet  attached  to  it^  at  right  angles  to  the  limb,  and  fixed 

which  was  promulgated  by  Eudoxua.  at  points  diametrically  opposed  on  the 

To  these  he  makes  no  allusion  ;  and  it  circle.    To  observe  the  sun's  meridian 

is  but  justka  to  him  to  suppose  tM  ^  ^tikU  with  this,  the  inner  circle  wai 
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turned  till  the  shadow  of  one  prism  aware  of  the  existenee  of  a  ocftain  eoii*> 

completely  covered  the  other :  the  sha*  stant  relation  between  the  angle  of  inci* 

dow  of  this  second  fell  on  the  mdoated  dence  and  that  of  reftaction,  and  made 

limb  of  the  outer  circle,  and  the  middle  several  experiments  to  determine  the 

of  it  being  marked,  e&ve  the  altitude  of  value  of  the  latter  when  a  ray  passes 

the    sun's  centre.     For  this  solstitial  from  air  into  water.   Though  he  per- 

circle  Ptolemy  substituted  a  quadrant,  ceived  clearly  the  nature  of  the  effect 

on  which  the  observation  was  made  in  produced  on  the  altitudes  of  the  stars» 

a  manner  very  similar :  but  his  most  and  that  it  diminished  with  the  zenith 

important  invention  was  that  of  the  pa-  distance,  yet  he  declared  himself  unable 

rallactie  rulers.    These  rulers  formed  to  determine  the  absolute  quantity  of 

an  isosceles  triangle,  susceptilde  of  being  refraction,  from  not  knowing  the  height 

opened  to  any  angle  at  the  vertex ;  one  of  the  terrestrial  atmosphere.  However* 

of  the  equal  sides  was  always  vertical,  this  treatise  is  (extremely  remarkable, 

the  other  being  pointed  on  the  star ;  the  and  one  of  those  that  reflect  the  greatest 

observer  read  off  on  the  graduation  of  honour  on  its  author.    To  point  out  the 

the  base  the  length  of  the  chord:  a  existence  of  refraction,  even  without 

table  of  chords  gave  him  the  value  of  measuring  it,  was  to  render  an  import- 

the  angle  at  the  vertex,  that  is,  of  the  ant  service  to  astronomy ;  to  which  we 

lenith  distance.  must  add,  that  this  is  the  only  work  of 

The  construction  of  the  astrolabium,  the  ancients  in  which  there  is  anything 
with  which  the  longitudes  and  latitudes  resemblinfi;  the  exnerimental  philosophy 
of  the  planets  or  fixed  stars  were  ob-  of  the  modems.  We  also  find  here  an  in- 
served,  was  rather  more  complicated  genious  explanation  of  the  optksal  illusion 
than  that  of  the  solstitial  or  equatorial  which  makes  the  disks  of  the  sun  and 
armillse.  They  carried  circles  repre-  moon  apparently  much  larger  when  near 
senting  the  equator,  the  ecliptic,  the  me-  the  horizon ;  and  this  explanation  is  the 
ridian,  &c.,  and  placed  respectively  in  one  generally  received  at  present,  though 
the  planes  of  the  celestial  great  circles  there  still  seems  to  be  some  doubt  on 
they  represented.  Two  other  circles*  the  subject 
moveable  on  the  poles  of  the  ecliptic, 

were  made  to  pass  through  two  stars  :  ^              ^.|. 

the  observer  then  read  off  on  the  gra-  i^HAPTBR  vii. 

duation  of  the  ecliptic  and  circles  in  Aftrononuf  of  the  Arabs, — The  Pet'- 

cuestion  respectively,  the  latitudes  of  9ums. — The  Chinese. 

the  two  stars  and  their  difference  in  With  the  Syntaxis  we  take  our  leave  of 

longitude.  the  astronomy  of  the  Greeks.    The  in- 

As  the  Greeks  had  no  means  of  mea-  terval  between  the  publication  of  this 

turing  time  with  any  accuracy,  they  ^ork  and  the  conquest  of  Egypt  and 

were  obliged,  when  they  wished  to  com-  Syria  by  the  Arabs  did  not  produce  a 

pare  the  place  of  the  sun  with  that  of  single  astronomer ;  for  we  cannot  give 

the  fixed  stars,  to  measure  in  the  day-  that  name  to  one  or  two  commentators 

time  the  difference  of  longitude  between  on  Ptolemy,  of  whomTheon  is  the  most 

the  sun  and  moon,  and  at  night  that  generally  known.    But  when  the  Arabs 

between  the  moon  and  a  fixed  star,  had  firmly  established  themselves  in  the 

The  moon's  rapid  and  variable  proper  East,  they  began  to  cultivate  aU  the 

motion  necessarily  rendering  this  method  branches  of  mathematical  science,  and 

very  inexact,  the  Arabs  improved  it  con-  astronomy  in  particular,  with  extraor- 

siderably   by    substituting  the    planet  dinary  seal.     This   revolution  in  the 

Venus  for  the  moon.   A  sUll  greater  im-  character  of  the  Arabs,  the  beginning  of 

provement  will  be  noticed  when  we  con-  which  dates  from  the  Caliphs,  EUdan- 

aider  the  obsenrations  of  Ei-BatanL  jour  and  Haroun  el-Reschid,  at  the  end 

Ptolemy  was  the  author  of  a  most  of  the  eighth  century  after  Christ,  was 

important  discovery  not  recorded  in  the  finally  accomplished  under  £l-Mamoon, 

Byntaxis,  the  effect  of  refraction  in  aug-  ^ho  reigned  in  the  beginning  of  the 

mentinff  the  apparent  altitudes  of  the  ninth.   Ibu  Jounis  has  recorded  several 

heavenly  bodies.    This  is  clearly  shewn  observations  made  by  the  astronomers 

in  his  Optics*,  where  he  investigates  the  ©f  this  prince,  the  most  interesting  of 

theory  of  refraction  in  general.   He  was  ^fhush  are  those  instituted  to  determine 

•  Vld.  Delambre.  A.tr.  Aoc.  toI.  H.  Thi.  work  J*^®  ^J^^L^^'^y  ^^  l*l«  ^il^  K^     P"  ^2 

of  Ptolemy,  Uionfh  known  to  the  Arabs  mnd  Co  lOUnd  by  SOmC  23"^  33',   DV  Others  23r 

BU>cer  Bacon,  wu  for  ;  JOBS  Ume  loet  in  Earope.  33^  52",  which  IS  exact  Within  Sj  mi- 


ftlSTORV  09  ASTItONOMY.  S3 

determinations  made  by  the  Greeks,  of  the  solar  apogee  ^  Ptolemy  had 
Justly  dissatisfied  with  the  rough  at-  fixed  the  precession  at  one  degree  in  one 
tempts  of  the  Greek  astronomers  to  hundred  years,  instead  of  seventy-two, 
measure  an  arc  of  the  meridian,  £1-  the  real  value :  £1-Batani  eoirected  this 
Mamoun  ordered  his  astronomers  to  mistsJie,  but  made  it,  on  the  other  hand, 
proceed  to  a  new  measurement.  The  a  little  too  rapid ;  namely,  one  degree  in  * 
method  they  followed  is  sufficiently  sim-  sixty-six  years.  Similarly  he  made  the 
pie.  Having  chosen  a  larce  plain  in  Me*  length  of  the  solar  year  about  two  mi- 
sopotamia,  they  divided  themselves  iuto  nutes  and  a  half  too  small ;  but  it  is  just 
two  parties ;  then,  starting  from  a  given  to  remark,  that  the  errors  of  £1-Batani 
point,  each  party  measured  in  a  right  proceed  from  the  confidence  he  placed 
fine  an  arc  of  one  degree,  the  one  to*  m  the  observations  of  Ptolemy, — obser- 
wards  the  north,  the  other  towards  the  vations  which,  as  we  have  seen  before, 
south.  The  former  found  for  the  length  appear  to  be  fictitious  t ;  had  the  Arabian 
of  a  degree  fifty-six  miles,  the  latter  fifty-  astronomer  compared  his  observations 
six  and  two-thirds ;  the  mile  being  equal  directly  with  those  of  Hipparchu^,  he 
to  4000  cubits.  But  here  arises  the  would  have  approached  much  nearer  to 
question,  what  was  the  length  of  these  the  truth.  The  excentricity  of  the  solar 
cubits  ?  Unfortunately  this  is  not  easy  orbit  was  determined  by  him  with  great 
to  decide.  Two  Arabian  authors  agree,  accuracy,  the  equation  of  the  centre 
that  the  cubit  employed  was  the  black  fixed  at  1®  68',  and  the  obliquity  of  the 
cubit  of  twenty-seven  inches ;  but  one  ecliptic  at  23^  35'.  The  observations 
says  that  the  inch  was  determined  by  six  used  to  determine  these  quantities  seem  to 
grains  of  barley  placed  in  contact  side-  have  been  made  with  great  care,  and  are 
ways ;  the  other  makes  it  equivalent  to  much  superior  to  any  recorded  by  the 
five  similar  grains*.  The  latter  seems  Greeks.  £1-Batani,  who  gives  in  his 
to  agree  better  with  the  real  length  of  the  writings  many  proofs  of  a  sound  judg- 
degree ;  but  the  error  is  still  very  con-  ment,  rejects,  with  reason,  a  pretended 
siderable.  being  between  three  and  four  motion  of  the  fixed  stars,  by  which  they 
miles  in  excess.  But  if  we  suppose  the  appeared  to  oscillate  about  a  certain 
cubit  employed  to  be  the  royal  cubit  of  point,  their  motion  in  longitude  becoming 
twenty-four  similar  inches,  the  length  of  sometimes  direct,  and  sometimes  retro- 
the  degree  will  then  be  brought  within  grade.  To  explain  this  pretended  mo- 
about  a  third  of  a  mile  of  its  real  value,  tion,  which  was  called  trepidation,  the 
The  two  centuries  immediately  fol-  equinoctial  points  were  supposed  to  re- 
lowing  the  reign  of  £l-Mamoun  were  volve  in  a  circle  of  4°  18'  43"  radius 
extremely  fertile  in  astronomers,  and  round  their  mean  places,  which  retro- 
particularly  in  observers ;  forming  thus  graded  along  the  ecliptic,  according  to 
an  advantageous  contrast  with  the  the  laws  of  precession.  This,  at  least, 
Greeks,  who  seem,  with  very  few  ex-  is  the  way  in  which  the  theory  was 
fieptions,  to  have  had  little  taste  for  ob-  represented  subsequently.  El-Batani 
servation  and  experiment  in  any  of  the  merely  states  that  the  stars  were  sup- 
sciences.  In  this  respect  the  Arabs  posed  to  move  directly  through  8^,  then 
effected  a  complete  reform  in  astronomy,  to  retrograde  through  the  same  arc.  The 
They  have  left  behind  them  an  immense  Arabian  astronomer,  while  refuting  this 
mass  of  recorded  observations,  of  which  theory,  attributes  it  distinctly  to  Rolemy. 
the  greater  part  has  never  been  printed ;  It  is  remarkable  that  none  of  the  extant 
and  which  might  be  of  great  service  to  works  of  Ptolemy['  make  the  slightest 
astronomy,  did  not  the  superiority  of  allusion  to  trepidation ;  the  first  mention 
our  instruments  render  the  modern  ob-    

servations  so  much  more  accurate,  as  to  ^  •  JWa  !■  not  expremly  BUted  by  EUBatanl, 

i.     r  -  au^ ^„ii«.-    :»i^^.«i  ^t  but  U  III  an  erldent  consequence,  from  bis  dis. 

compensate  for  the  smaller    interval  of  coyery.  tbat  the  .pogee.  which  Ptilemy  found  to 

time  existing  between  them.  be  in  65°  2ff,  wm  now  in  SaP  17'.    This  gives  an 

The  most  distineuished  of  the  Arabian  "»""**  T^""^  £i  l^'  .v^'**'  ****.  ^i'^**°  r"'™" 

Attv  kMvsi.  M<9w»i(^^oHw  VA  K^M^  **^     n  nomer  allowed  W  for  the  anonal  effects  of  pre- 

astronomers   is  AlbategniUS    or  iU-Ba-  cession;   there   wonld  renwiu,  therefore,    about 

tani,  who  rectified,  in  many  points,  the  2*;;  for  the  aouaal  proper  motion  of  the  apogee. 

J  A               *•             r  -Oi^i^-...     -»j   ^AA,^  t  The  equinox  taken  by  El-Batani  to  compare 

determinations   of  rtOiemy,    and   added  with  his  own  ob»eryations,  is  recorded  by  Ptolemy 

the  important  discovery  of  the  motion  with  the  mistake  of  a  wbolc  day  on  its  date.    On 

the  observations  of  Ptolemy  lu  general,  Halley  has 

______^ -----  expressed  a  severe  but  Just  opinion.    V.  Delamb. 

Ast.  da  Moyen  Age,  pp.  61i  62.    Delambre  Is  of 

•  According  to  Thevenot,  144  grains  of  Oriental  opinion  that  Ptolemy  never  observed  at  all.    For 

barley,  placed  side  by  side,  are  exactly  equal  to  his  catalogue  of  fixed  stars,  see  what  has  been 

one  foot  and  •  half  of  tho  old  French  neanire.  said  above,  p.  31. 
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of  it  i«  fiMind  in  Theon  ',  whose  com*  method  of  determii^  tketittiebf  ob^ 

BienUrv  on  the  Almagest  has  been  no*  terving  the  absolute  tutitude  of  a  flsed 

ticed  ftDove.    It  it  very  unjustly  that  star  or  planet*.    This  was  probablv  the 

Thebit  bea  Corah,  an  Arabian  astro-  best  method  that  could  be  emplofod  b»> 

noraer,  has  been  considered  as  the  in-  fore  the  invention  of  pendulum  aodcs. 

yentor  of  trepidation ;  we  may  see  from  The  scienee  of  trigonometry  is  neoes* 

Theon,  that  it  was  a  fSuicy  of  the  Greeks,  sariiy  and  inseparably  conneeted  with 

probably  anterior  to  Ptolemy,  though  astronomy.    Tfan  Arabs,  who  cultivated 

never  noticed  by  that  author  in  the  the  latter  so  [sealousW.  made  consider- 

Almagest.     However,  Thebit  adopted  able  additions  to  the  tormer.    The  most 

it,  and  even  wrote  a  treatise  purposely  hnportant  of  these  was  (the  substitution 

to  establish  it;  at  least  if  he  be  really  of  the  sine  instead  of  the  chord  of  the 

the  author  of  the  work  on  the  eighth  double  arc  emplcqped  by  the  Greeks. 

sphere  generally  attributed  to  him.  ^ut  We  owe  this  very  important  amellora- 

there  are  some  reasons  for  doubting  of  tion  to  Sl-Batani.    It  enabled  hhn  to 

this ;  as  Ibn  Jounis  has  preserved  an  simplify  very  much  the  solutions  of  seve- 

original  letter  of  Thebit,  in  which  he  ral  cases  of  oblique   angled  spherical 

expresses  himself  as  far  from  convinced  triangles ;   particuiaiiy  that  in   which 

of  the  existence  of  trepidationt.  the  two  sides  and  the  induded  angle  are 

The  limits  of  this  treatise  do  not  allow  given  to  find  the  third  side,  or  either  of 

us  to  enter  into  an  examination  at  len^h  the  remaining  angles,    fioth  £l-Batani 

of  the  writings  of  the  numerous  Arabian  and  Ibn  Jounis  make  use  of  tangents 

astronomers  to  be  found  in  the  libraries  and  cotangents    in  their  treatises  on 

of  Europe,  nor  would  a  bare  catalogue  dialling ;  and  even  give  tables  of  these 

of  names  offer   any  interest  for  the  quantities;   but   it   was   reserved  for 

reader.     It  will  be  enough  to  notice  About  W6fa,  an  astronomer  of  Bagdad, 

shortly  the  tables  of  Ibn  Jounis  and  of  the  eleventh  century  after  Christ,  to 

Arsaehel.     The  former,  an  Egyptian  introduce  them  into  trigonoasetry.  This 

astronomer  of  great  merit,  has  left  be*  was  a  second  important  improvement, 

hind  him  a  considerable  mass  of  obser*  The  same  author  is  also  the  first  who 

vations,  and  a  treatise  on  astronomy,  in  treats  of  secants  and  oosecants ;  but  the 

which  are  some  remarkable  improve-  Arabs  do  not  seem  to  have  iMen  aware 

ments  in   trigonometrical    calculation,  of  the  advantage  of  introducing  the  eo» 

His  tables  are,  in  fact,  those  of  Rolemy,  sine  into   trigonometry,  till  a  century 

with  many  ameliorations  in  the  con«  later,    when    Geber,    a    Mahometan 

stents  and  epochs.    It  appears  rather  Spaniard,  gave  for  the  first  time    a 

singular,  that  though  coming  after  £1-  formulainto  which  it  enters.  Ibn  Jounis 

Batani,  he  does  not  admit  any  other  mo«  was  the  first  author  who  made  use  in 

tion  for  the  solar  apogee  than  that  of  pre«  trigonometrical  problems  of  the  tangents, 

cession:  we  have  seen  that  the observa«  cosines,  and  secants  of  subsidiary  an». 

tions  of  El-Batani  indicated  very  clearly  This  elegant  method,  which  in  many 

an  annual  proper  motion.    The  tables  of  cases    simplifies   extremdy   numevicsi 

Arsaehel,  Uke  all  the  Arabian  tables,  calculations,  seems  to  have  been  on* 

are,  in  substance,  those  of  Ptolemy;  known  to  the  mathematicians  of  Europe 

in  the  numerical  determinations  they  till  the  middle  of  the  eighteenth  century, 

seem  inferior  to  those  of  El-Batani ;  when  it  was  reinvented  by  Simeon, 

nor  would  they  deserve  mention  here^  The  Tahtar   conquerors  who    sue* 

were  they  not  supposed  to  have  been  ceeded  the  [Arabs  in  tiie  east,  seem  to 

of  great  assistance  to  the  composers  of  have  l>een  as  zealous  as  the  caliphs  ia 

the  famous  Alphonsine  tables.  their  attachment  to  astronon^.     The 

The  instruments  of  the  Arabs  were  grandson  of  Gent-Chis  Khan  fbunded  in 

essentially  the  same  as  those  of  the  Persia  an  observatory,  which  he  fitted 

Greeks ;  the  gnomon,  various  kinds  of  up  with  the  best  instruments  of  the  timet, 

armillary  spheres,  and  a  sort  of  mural  and  all  the  most    valuable  works  on 

qaadrant.    But  they  added  (and  we  owe  astronomy  existing  in  the  east    Under 

this    apparently  to    Ibn  Jounis),   the  his  protection  the  astronomer  Nasseer- 

~~                          ~~-  ~ — :       ;;  ad-Dcon   published  tables,   which  a«e 

Ptolemy  did  not  admit  these  alterations  in  the  rOWed   from   Ptolcmy.      These  are    not 

Sreceasion  of  the  fixed  atari}   t^t^  UrsX^^tmw  iif  the     Only    tables     existing    iu     PcTSia: 

'***•  .__^-,— _-^—— »————— ———— 

,  t  V,  Delsiaibie,  Aitr«  da  Meten  Afe.    lbs  ' 

'oanii*  •  IHlHikMy  Attr*  dm  If  oy«a  JHf^  p.  JtH 
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Chryittwaii  a  GtMk  phyMciaii»  hts  tiomi  the  prfaiapil  fthawilg.    Thii  ki 

translated  others  brought  from  Peraia  effectad  with  consklerahle  auoaMa*    Hit 

by  Chioniades,  wtuch  seem^to  have  been  observations  of  the  aon  were  made  wiUi 

coiB|X»ed  in  the  eleventh  century.  They  a  gnomon  of  forty  feet,  and  appear  vevy 

offer*  however,   Uttle  interest,  being  accurate.    He  fijced  the  kngtn  of  the 

evidently  borrowed  from  the  Greek.  solar  year  at  365^  5^  49*"  18* ;  and  the 

The  descendants  of  Tiniour  were  as  obliquity  of  the  ecliptic  at  23°  33'  S9^« 

much  attached  to  astronomy  as  those  of  The  date  of  his  tables  is  a.d.  1860.    It 

Gent-Chis.   Ulugh  Beg,  grandson  of  Ti-  is  probable  that  at  this  time  the  Chinese 

mour,  and  sovereign  of  Samarcand^  de*  astronomy  borrowed  a  good  deal  from 

voted  himself  with  eztraordinajy  seal  to  the  Arabs.    We  now  hear,  for  the  fint 

the  cultivation  of  this  scicDce.    Having  time  in  China,  of  spherical  tngonome- 

erected  an  immense  observatory,  and  hry;  and  the  invention  of  it  is  attribntsd 

procured  the  assistance  of  a  number  of  to  Cocheou-King;  but  there  is  every 

mathematicians, he  published  a.coUeo*  appearance  that  ne  learnt  it  from  the 

tion  of  tables  and  a  catalogue  of  the  astronomers  of  the  west;  for  it  is  knows 

fixed  stars,  which   acquired,  and  still  that    under   Kubla-Khan  Persia  and 

continue  to  enjoy  a  great  reputation  in  China  were  in  frequent  communication^, 

the  east    As  far  as  we  can  judge  this  It  is  extraordinary  that  subsequently  to 

reputation  seems  well  deserved ;  but  we  Cocheou-King  the  mathematicians  of 

onl>[  know  that  part  of  the  tables  con*  China  should  have  degenerated  to  such 

taining  the  motions  of  the  sun,  and  the  a  point,  that  at  the  arrival  of  the  Jesuits 

catalogue  of  the  stars,'^the  rest  has  the  president  of  the  mathemiUical  tii^ 

never  been  translated,  or  at  least  never  bunal  was  unable  to  solve  a  plane  right 

published.    The  exactitude  of  the  solar  angled  triangle  f.    This,  indeed,  is  the 

tables  is  very  creditable  to  Ulugh  Beg,  more  singular,  since  we  are  told  tlmt 

and  shows  that  his  observations,  which  before  the  Christian  era  the  Chinese 

are  said  to  have  been  made  with  the  couldoateulate  the  lengths  of  the  shadow 

gnomon,  were  very  good.    The  epoch  of  the  gnomon,  and  even  had  methods 

of  these  tables  is  the  4th  of  July,  1433,  for  the  prediction  of  eclipses. 
▲J).    The  epoch  of  the  catalogue  is  the  ^    .  ^..* 

year  841  of  the  Hegin,  or  1447.  a.d.  Chaptbr  VIII. 

The  stars  were  obsei-ved  with  a  quad-         Aitronomy  of  the  Middle  Agee. 

rant    of   enormous    dimensions ;   but  j,  j,  impossible  to  pay  any  attention  to 

though   aupenor  m    accuracjr  to   the  the  history  of  the  Romans  without  per. 

Greek  catalogues,  the  errors  in  lonp-  ceiving  that  hi  that  nation  there  pre- 

tude  aometuies  amount  to  half  a  de-  yailed  at  all  times  a  singular  indisposition 

^S^*\  .     ,  .         ^     .  to  the  pursuit  of  mathematical  and  phy- 

We  have  noticed  the  protection  given  gjcal  science.    The  poets  and  orators  of 

to  astronomv  by  the  Tahtar  prmces  m  Greece,  and  her  metaphysicians  were 

Persia  and  Bokhara:  equal  favour  was  ^udied  with  ardour  in  Italy,  but  her 

shown  to  the  science  by  the  snocessort  geometers  and  astronomers  were  totally 

of  Gent-Chis  Khan  on  the  throne  of  neglected;  and  it  appears  that  these 

China.    kThough  the  observations  of  sciences,  so   highly  esHmated  in  one 

the  Chinese  go  back  to  the  earliest  ai^-  countnr,  were  thought  in  the  other  to  be 

quily.  It  IS   not  the  less  certain  that  beneath  the  notice  of  a  man  of  good 

their  knowledge  was  extremely  hmited  bjrth  and  liberal  education.    This  dif. 

and  confined  to  the  mc^t  elementary  ference,  so  little  creditable  to  his  coun- 

parts  of   astronomy.     But  when  the  trymen,isremarkedby  Cicero:  nor  does 

Tahtar  conquestbroughtthem  into  con-  t^e  Iloman  character  seem   to   have 

tact  with  the  nations  of  Western  Asia,  changed  in  this  respect  in  subsequent 

a  very  sensible  amehoration  took  place,  ^ges.    The  extent  to  which  astronomy 

The  thirteenth  century  may  be  considered  ^^s  neglected  is  evident  from  the  circum- 

as  the  most  brilliant  epoch  of  Chinese  gtance.  that  the  difference  between  the 

astronomy.     Cocheou-King  who   had  teginning  of  the  civil  and  of  the  solar 

bera  appointed  by  Kubla-Khan,  the  de-  y^ar,  amounted  in  the  time  of  Julius 

scendant  of  Gent-chis,  to  the  presidency  Caesar  to  three  months.     During  the 

of  the  tribunal  of  mathematics,  under-  y,YioU  existence  of  the  repuUio  we  hear 

took  to  rectify  from  his  own  observe-  but  of  one  Roman  who  attained  any  emi- 
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nmee  in  attronoiiiical  studies.    C.  Sul-  His  great  and  very  cdilbplete  ^oA  tike 

pitius  Gallus  is  mentioned  by  Cicero  as  f*%y»Xii  2v»r«|<;  contains  nothing  which 

an  indefatigable  calculator  of  eclipses*;  could  lead  us  to  believe  that  he  was 

and  he  is  Known  to  have  predicted  an  infected  with  these  ideas.    At  Rome, 

eclipse  of  the  moon  on  the  night  pre-  under  Augustus,  and  the  succeedins^ 

ceding  a  decisive  battle  between  the  emi)erors,  the  city  was  inundated  with 

Romans  and  the  king  of  Macedonia  t*  Syrians*,  Chaldseans,  and  other  natives 

On  this  occasion  his  science  may  be  of  the  East;  and  numerous  passages 

said  to  have  rendered  his  countrymen  in  ancient  authors  show  that  a  behef 

an  essential  service ;  for,  from  the  well-  in   judicial    astrology   was   extremely 

known  superstition  of  the  ancients,  the  prevalent.    From  this  time,  down  to  the 

Roman  soldiery  would  have  been  much  seventeenth  century,  the  whole  of  the 

terrified  by  what  was  supposed  to  be  civilized  world  in  the  West  as  well  as 

an  iinfavourable  omen.     At  the  cele-  the  East  was  enslaved  by  this  childish 

brated  siege  of  Syracuse  an  unexpected  superstition,  against  which  pliilosophy 

eclipse  of  the  moon  deterred  the  Athe-  and  religion  seem  to  have  combated  in 

nian    commanders   from   commencing  vain.    It  is  humiliating  to  know  that 

their  march  at  the  proper  time,  and  some  of  the  great  restorers  of  astronomy 

caused  eventually  the  destruction  of  a  in  Europe,  were  not  superior  to  the  fol- 

fine  army$.    Besides  Sulpitius  Gallus,  lies  of  their  age;  and  that  even  the  bold 

we  find  the  names  of  one  or  two  Romans,  and  acute  Kepler  could  dispute  on  the 

who  seem  to  have  written  on  astrono<  best  manner  of  drawing  up  a  scheme  of 

mical  subjects  (among  whom  is  Yarro) ;  nativity.  Our  posterity  will,  perhaps,  be 

but  their  works  are  Tost,  and  we  have  equally  astonished  to  think  that  m  the 

no  means  of  judging  of  the  extent  of  nineteenth  century,  in  the  country  of 

their  scientific  acquirements.    Perhaps  Newton  and  Bradley,  almanacks  in  ge- 

Cicero  himself  ought  to  be  Quoted  here,  neral  circulation  should  contain  preJjc- 

as  he  has  translated  into  Latin  verse  tions  founded  on  the  aspect  of  the  pla- 

the  Phenomena  of  Aratus,  a  poem  which  nets,  and  all  the  mummery  of  an  art,  the 

has  been  already  noticed.    One  of  the  existence  of  which  is  adisgrace  to  any  na- 

books  of  this  translation  is  still  extant,  tion  possessing  claims  to  civilization,  or 

containing  a  description  of  the  celestial  even  common  sense.  It  is  difficult  to  ima- 

sphere,  and  in  particular  of  the  constel-  gine  that  there  can  still  be  persons  wiio 

lations  of  the  zodiac.    Nothing  is  to  be  believe  that  the  distances  between  Jupi- 

found  in  this  poem  beyond  the  most  ele-  ter  and  Saturn  can  influence  the  fate  of 

mentary  doctrines  of  astronomy :  the  empires,  or  that  on  the  sign  of  the  eclip- 

same  may  be  said  of  the  astronomical  tic  which  is  just  rising,  at  the  moment  of 

poem  of  Manilius,  the  date  of  which  is  a  man's  birth,   depend   the  principal 

a  little  later.  events  of  his  lifef.    But  vain  and  futile 

Of  the  last-mentioned  poem  a  small  as  is  this  pretended  art,  it  has  exercised 

part  is  devoted  to  the  description  of  the  too  great  an  influence  on  the  cultivation 

sphere ;  by  far  the  greater  part  being  oc-  of  astronomy  to  be  passed  over  here 

cupied  with  astrological  precepts.    This  without  an  allusion.    There  can  be  no 

superstition,  the  influence  of  which  has  doubt  that  an  attachment  to  astrology 

been  so  long  and  so,  widely  felt,  and  the  was  at  least  one  of  the  reasons  that  in- 

traces  of  which  are  not  yet  extinct  in  duced  the  Arabs  to  study  with  so  much 

Europe,  is  in  all  probability  of  Chal-  ardour  the  phenomena  of  the  heavens; 

daean  origin.    It  seems  to  have  been  and  it  is  quite  certain  that  the  encoul 

unknown  in   Greece  before   the  con-  ragement  given  at  the  revival  of  letters 

quests  of  Alexander ;  and,  indeed,  it  is  by  many  European  princes  to  astronomy, 

out  justice  to  the  astronomers  of  that  was  entirely  owing  to  their  wish  to  read 

country,  to  say  that  in  general  no  traces  the  future  by  means  of  the  stars, 

of  belief  in  astrology  are  to  be  found  in  But  to  return  to  the  Romans.    Their 

their  writings.      It  is  true  that  there  calendar,  in  the  time  of  the  republic,  ft^li 

exists  an  astrological  treatise  attributed  as  has  been  already  noticed,  into  great 

to  Ptolemy,  but  it  may  be  doubted  whe-'  confusion.    This,  Julius  CajsaiJ,  who 

ther  it  is  really  one  of  his  productions,    — 

*  Jampridem  Syrus  in  Tiberlm  deiluxit  Cronies. 
— Juv.  Sat.  lil. 

.  ^  .    „  ,       .     „                       ....  1"  '^^*  "^*°  *'**  c^^itd  the  horoscope;  a  term 

"Di-        I    f:*J°'  *®   Senectutc,  c.  49.     V,  Also  famliar  to  most  persona,: though  perhaps  at  this 

V*^'  Tt     ir-  .      ti         .i,  *'*y  ^*^  '**'*  acquainted  with  its  exact  meaning. 

"^  li      liS^^t       \^'  *'•  *  ^'  appears  from  Pliny,  vll.,  25,  that  Caesar  waa 

Z  Tliaeyata.f  Ttt^  cw*  himself  «n  observer,  and  had  composed  some 
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was   a  man   of   eztraoidinary  know-  Latin  language :  the  works  of  Ptolemy 
ledge    and    universal    genius,    endea-  were  a  sealed  book  for  the  few  learned 
voured  to  correct,  with  .the  assistance  men  (if  they  may  deserve  the  name)  of 
of  a  Greek  astronomer,*  named  Sosi-  those  days.    However,  the  conquests  of 
genes.    At  this  time,  Hipparchus  had  the  Arabs  having  brought  them  into 
already  shown  that  the  length  of  the  immediate  contact  with  the  Gothic  nfr- 
solar  year  was  something  ^less  than  365  tions  in  Spain,  they  began  to  impart  to 
days  and  a  quarter,  and  Sosigenes  could  their  neighbours  some  of  their  zeal  for 
not  have  been  ifi:norantof  this  fact :  but,  science ;  and  the  works  of  £uclid  and 
in  all   probability,  he    considered  the  Ptolemy    became   known  in   Europe, 
difference  too  small  to  be  worth  taking  through  the  means  of  Arabic  transla- 
into  account.    Be  the  reasons  what  they  tions.    Grerbert,  a  man  of  great  talent 
may,  he  proposed  a  method  of  interca-  and  very  superior  to  the  age  in  which 
lation  which,  to  l>e  quite  rigorous,  sup-  he  lived,  found  himself  obliged  to  at- 
poses  the  solar  year  to  be  365  days  and  tend  the  Moorish  universities  in  Spain, 
a  quarter;  namely,  he  proposed  to  make  to  acquire  some  knowledge  of  mathe> 
the  civil  year  of  365  days,  and  every  roatics  and  astronomy,  which  it  was 
fourth  year  to  insert  an  additional  day.  impossible  at  that  time  to  study  in  any 
The  year  in  which  this   intercalation  Christian  country.    On  his  return  to 
took  place  was  called  bissextile,  because  France,  he  composed  several  treatises, 
the  additional  day  inserted,  bore  the  de-  which  show  a  knowledge  of  geometry 
signation  of  bis  sexto  calendas  McarHi;  remarkable  for  that  time,  and  a  consi* 
the  day  named  sext,  calend.  Mart,  (cor-  derable  familiarity  with  the  works  of 
responding   to  our  28th  of  February)  Euclid  and  Archimedes, 
being  repeated.    It  is  easy  to  see  that  At  a  later  period  the'  example  of 
this  intercalation,  and  in  general  the  Gerbert   was  imitated  by  an  English 
Roman  form  of  year  is  the  same  as  that  monk  named  Adhelard,  who  for  the 
now  in  use ;  but  it  has  been  found  ne-  sake  of  acquiring  scientific  knowled^, 
cessary  to  introduce  some  modifications,  travelled  in  Spain  and  Egypt,  and  having 
the  nature  of  which  will  be  explained  in  become  acquainted  with  Arabic,  turned 
a  subsequent  part  of  this  treatise.    But  it  to  account,  by  translating  from  that 
without  going  further  at  present,  it  may  language  into  Latin  the  Elements  of  Eu- 
be  noticed  that  the  tropical  year,  not  clid.    This  appears  to  be  the  first  trans- 
having  the  value  supposed  by  this  me-  lation  of  Euclid  executed  in  the  west; 
thod,  but  being  in  fact,  at  the  time  of  hut  it  seems  to  have  been  little  known, 
Caesar,  about  ten  minutes  shorter,  at  the  »"<*  has  remained  in  manuscript  till  the 
end  of  about  a  century  and  a  half,  the  present  day.    The  translation  of  EucUd 
beginning  of  the  civil  year  would  be  a  oy  Campanus,  who  lived  about  a  cen- 
day  behind  that  of  the  astronomiq^ ;  tury  later,  was  the  first  that  acquired 
and  this  difference  would,  of  course,  go  any  popularity ;  and  all  the  early  edi- 
on  increasing.    We  shall  see  that  this  ♦ions  were  printed  from  his  text,  which 
was  in  reality  what  took  place,  and  ^^as  like  that  of  Adelhard,  a  translation 
that  ultimately  the  error  became  pretty  ^^om  the  Arabic,  a  language  apparently 
considerable.  known  to  several  of  the  literati  of  that 
The  great  division  of  the  Roman  em-  day*  ^hile  they  still  remained  in  pro- 
pire  under  the  sons  of  Theodosius,  pro-  found  ignorance  of  Greek. 
bably  exercised  considerable  influence  In  the  thirteenth  centuiy  many  symp- 
on  the  fate  of  letters  and  science.    The  toms  of  a  reviving  love  for  letters  and 
Greek  language,  which  for  a  long  time  science  began  to  show  themselves ;  and 
had  been  familiar  to  the  Romans,  ceased  knowledge  which  had  been  hitherto  con- 
to  be  cultivated  in  the  West;  and  this  cir-  *"?cl  in  monasteries,  now  spread  into 
cumstance  is  of  some  importance  in  the  ©i****  and  courts.    The  barbarous  mo- 
history  of  astronomy  ;  for  we  have  seen  narchs  of  the  middle  ages  were  sue- 
that  this  science  was  almost  completely  ceeded  by  princes  who  cultivated  and 
nejrlected  in  Italy :  those  who  wished  to  protected  letters ;  and  though  it  is  to  be 
cultivate  it  were  necessarily  obliged  to  feared  that  the  encouragement  given  by 
have  recourse  to  Greek  authors.    But,  "ome  of  them  to  astronomy,  was  founded 
during  the  middle  ages,  the  little  learn-  on  a  superstitious  belief  in  the  influence 
ing  that  existed  in  Western  Europe  was  of  the  stars,  we  may  view  with  some  in- 
confined  entirely  to  a  knowledge  of  the  dulgence  a  weakness  which  led  to  such 
. beneficial  efi'ects.     The   emperor  Fre- 

work.  oniMtronomicai  .nbjeeu  which  «r«ii9ir  <i«"«k  tu^  Second,  a  prince  distinguished 

u»t.  as  well  by  a  very  cultivated  mind»  as  a 
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generons  proteetion  of  learned  men,  lainly  not  [admitted  by  Ptolemy,  or  the 

Setervea  particular  mention  here,  as  to  most  judicious  of  the  oriental  astiono- 

his  encouragement  we  owe    the  first  mers.    The  introduction  of  it  into  the 

translation  into  Latin  of  the  Almagest  Alphonsine  tables  seems  owing  to  the 

of  Ptolemy.    This  tran^ation  it  is  to  be  Jews,  who  had  a  large  share  in  their 

noticed  was'  made  from   the  Arabic,  formation;  at  least  this  may  be  con- 

(Greek  being  still  unknown  in  the  westO  jectured  from  the  numbers  7000  and 

and  consequently  was  a  good  deal  dis-  49,000  years,  in  which  the  small  circle 

figured ;  the  Mahometan  writers  by  no  above-mentioned  and  the  ecliptic  were 

means  piquing  themselves  on  a  scru-  respectively  described.    These  are  cabar 

polotts  adherence  to  the  text  of  the  au-  listic  numbers  for  whidi  the  Jews  from 

Ifaors  they  translate :  but  still  the  ser-  fanciful  ideas  felt  great  veneration ;  and, 

vice  thus  rendered  was  important ;  and  indeed,  the  astronomers  of  that  nation 

no  doubt  had  a  favourable  influence  .seem  to  have  been  singularly  attached 

.on  the  progress  of  science.  The  writer*  to  the  doctrine  of  trepidation,  since  the 

who  bad  executed  the  translation  of  the  time  of  Thebit-ben-Corah,  unjustly  ae- 

Almagest,  added  a  translation  of  the  cused  of  being  the  inventor  of  the  sys- 

commentary  of  Geber  on  the  same  work,  tern.    But  it  reflects  little  credit  on  the 

and  of  the  treatise  of  Alhazen  on  twi-  Alphonsine  astronomers,  to  have  ad- 

Ught.     But  in  this  latter  respect  he  mitted  an  inequality  founded   on   no 

aeems  to  have  been  anticipated  by  Vitel-  observations,    and   rejected   by  eveiy 

lion,  a  Pole,  whose  voluminous  treatise  author  of  eminence, 

on  optics  is  little  more  than  a  translation  It  seems  but  reasonable  to  suppose 

of  Alhazen.  that  Alphonso,  who  protected  so  sea- 

To   Alphonso  X.,  king  of  Castile,  lously  astronomy,  was  himself  versed 

astronomy  owes    still  more   than    to  in  the  science.    Of  this  we   have   no 

Frederick;  and  his  r^ign  will  always  direct  proof,  but  there  is  on  record  a 

form  a  memorable   epoch  in  the  an-  saying  of  his,  which  has  been  accused 

nala  of  that  science.    His  situation  in  of^  impiety,  though  it  would  be  fiiirer 

a  country  bordering  on  the  Arabs,  who  to  regard  it  as  an  expression  of  the 

then  occupied  the  south  of  the  Spanish  disgust  caused  to  a  sound  judgment. 

Peninsula,  was  very  favourable  for  col-  by  the  complication  of  the  Ptolemaic 

lecting    atK>ut    him  able  astronomers,  system.     *'  Had  the  Deity,**  said  Al- 

who  were  then  only  to  be  found  at  the  phonso,  **  consulted  me  at  the  creation 

Moorish  universities.    Of  this  he  pro-  of  the  universe,  I  coukl  have  given  him 

fited  to  draw  to  his  court  a  number  of  some  good  advice.'*    If  this  exclamation 

learned  men,  whom  he  employed  for  may  be  justly  blamed  as  irreverent  in 

four  years  in  constructing  new  and  com-  its  expression,  it  certainly  conveys  a 

eete  tables;  those  of  Ptolemjf  havins^  condemnation  of  the  theories  of  his  time, 
icome  in  the  lapse  of  time  quite  insuf-  and  the  monstrous  combination  of — 
ficient.  These  tables,  genendly  called  ,  Cyde  and  epicycle,  orb  on  orb, 
the  Alphonsine,  cost  the  prince  an  *"en  generally  received  as  the  system  of 
immense  sum ;  and  if  they  fell  short  of  the  world.  ,  .  , 
the  degree  of  perfection  that  might  have  .  On  comparing  the  Alphonsine  tables 
been  txpected,  it  was  not  from  any  ^^^^  ^^^^^  oi  Ptolemv,  we  see  how  little 
want  of  munificence  and  zeal.  Their  progress  astronomy  had  made  in  eleven 
principal  defect  was  the  introduction  of  centuries.  Some  ameliorations  in  the 
an  inequality  in  the  motion  of  the  fixed  elements  of  the  syntaxis.  are  perhaps 
stars  in  longitude,  by  which  this  motion  more  than  counterbalanced  by  the  intro- 
appeared  to  be  sometimes  accelerated  duction  of  the  imaginary  inequality 
and  sometimes  retarded :  as  the  equi-  called  trepidation ;  which  continued,  to 
noctial  point  was  supposed  to  describe  d»sfigure  the  best  tables  as  late  as  the 
the  cirenmfer«nce  of  a  small  circle,  the  *l°^e  of  the  celebrated  Copernicus, 
eeatre  of  whidi  moved  along  the  ecliptic  ^or  to  judge  from  the  slowness  with 
aeeording  to  the  ordkiaiy  law  of  preces-  J^nich  physical  science  recovered  from 
tion.  This  ptetended  inequality,  known  ^^^  ^^^  torpor,  could  any  one  have 
l^  the  name  of  the  trepidation  of  the  gjiessed  at  the  rapid  progress  it  was 
fixed  stars,  or  the  motion  of  the  eighth  «^^t  to  make  in  the  sixteenth  and  sub- 
sphere,  has  been  already  noticed  in  sequent  centuries.  The  real  restoration 
speaking  of  the  Arabs.  It  seems  to  have  of  astronomy  in  Europe  can  scarcely  be 
orwinatsd  in  Greece;  but  it,was[cer-  placed  earlier  than  two  hundred  years 

■   ■      ■        .     subsequent  to   the  publication  of  the 

#  ••»!«•£  gnomm.  Alphonsine  tables.    At  this  time  Pub- 
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batik,  pttHmat  qI  Mfaroiiomjr  at  Vioiuifw  rudm  of  1,000,000  purts ;  ^hkh  wm  a 

nndevtook  to  am^iiarate  the  hypotheaei  seoood  important  improvement  added  to 

and  tabka  then  existing.    He  felt  the  that  of  his  jHredecessor.     Indeed,  the 

neoessity  of  beginning  by  making  an  decimal  division  of  the  radius  has  beea 

aceurate  translatim  of  Ptolemy,  the  found  so  convenient,  that  it  remains  un- 

want  of  which  was  very  sensibly  felt,  altered  to  the  present  day.    It  is,  per« 

though  in  addition  to  numerous  transla*  haps,  to  be  regretted  that  he  did  not 

tions  from  the  Arabic,  George  of  Tre*  extend  the  decimal  division  to  the  miad- 

bizond  had  published  one  from  the  ori-  rental  arc  itself :  such  a  reform,  which, 

ginal  Greek.    This,  however,  was  very  however  useful,  it  has  been  found  impos- 

multy ;    nor  was  it  in  the  power  of  sible  to  e£fectuate  in  the  present  day» 

Puibach  to  remedy,  the  defect,  as  he  might  have  been  practicable  in  the  in- 

was  ignorant  both  of  the  Greek  and  fancy  of  astronomy.    The  great  remita- 

Arabie  languages.    His  anxiety  to  ac-  tion  of  Regiomontanus  iinuoed  Pope 

quire  the  former  of  these,  induced  him  Sixtus  IV.  to  request  his  assistance  m 

to  accept  an  invitation  made  by  Cardi-  the  reformation  of  the  calendar,  an  ope- 

nal  Bessarion,  to  visit  Rome ;  but  death  ration  of  which  we  shall  say  more  shortly, 

prevented  the  accomplishment  of  this  For  this  purpose  he  proceeded  to  Rome, 

design,  and  the  translation  of  Ptolemy  but  had  not  been  long  engaged  in  the 

was  left  to  be  performed  by  his  pupu  prosecution  of  this  important  work,  when 

Regiomontanus.  he  was  carried  off  either  by  an  epidemic 

Purbach*s  theory  of  the  planets  is  in  distemper,  or  as  some  have  said,  by  pot- 
all  essential  points  the  same  as  that  of  son,  aaminii^ered  by  the  sons  of  Gieorge 
Ptolemy ;  but  he  has  unfortunately  in-  of  Trebiiond,  to  avenge  the  criticisms 
troduced  into  his  tables  the  imaginary  on  the  translation  of  Ptolemy,  executed 
trepkiation  of  the  fixed  stars  we  have  by  their  Ikther. 
Just  spoken  of.  The  most  considerable  The  labours  of  Purbaoh  and  Regi»- 
service  that  he  has  rendered  to  science,  montanus  form  the  link  l)etween  mo&m 
was  by  calculating  a  table  of  trij^ono-  astronomy  and  that  of  the  middle  ages. 
metri<»l  smes,  from  ten  to  ten  mmutes  The  end  of  the  fifteenth  century  was  not 
throughout  the  quadrant,  for  a  radius  distinguished  by  any  great  discoveries ; 
of  600,000  parts.  Ptolemy  had  em-  yet  it  is  easy  to  see  in  the  rise  of  a  spirit 
ployed  a  sexagesimal  division  of  the  of  inquiry  and  investigatbn,  the  dawn 
radius,  which  was  singularly  inconve-  of  that  light  which  was  about  to  illuml- 
nient  for  arithmetical  computatk>n8;  the  nate  Emrope  with  so  much  brilliancy, 
decimal  division  introduced  by  Pmba^  No  doubt  the  progress  of  this  spirit  was 
was  an  important  improvement.  at  first  sk>w  and  uncertain ;  but  it  may 

The  design  entertained  by  Purbaoh  of  /airiy  be  traced  back  as  lur  as  those 
making  a  new  translation  of  Ptokmy*s  who  felt  the  necessity  of  establishing 
great  work,  was  executed  by  his  pupil  their  theories  upon  observation  akme, 
and  successor  John  Mliller  of  Konigs-  and  who  aspired  to  something  beyond 
berg,  commonly  called  Regiomontanus^.  commenting  Ptolemy.  Among  those 
He  added  to  this  a  commentaiy,  con-  who  contributed  most  by  assiduous 
taining  a  number  of  problems,  likely  to  observation  was  Bernard  Walther,  a 
be  useful  in  astronomical  calculations:  rich  citizen  of  Nuremberg;  one  of  the 
and  made  very  considerable  ameliora-  earliest  and  certainly  of  the  most 
tions  in  the  solution  of  plane  and  sphe-  zealous  of  modem  astronomers.  His 
rical  triangles.  Regiomontanus  enjoyed  observations,  interesting  on  many  afr- 
for  a  long  time  the  reputation  of  having  counts,  are  particularly  remarkable  for 
been  the  first  to  intrcxince  tangents  into  having  been  made  with  clocks  regu- 
trigonometiy.  But  we  have  seen  that  lated  by  wheels ;  which  seem  to  have 
this  had  been  previously  done  by  the  answered  tolerably  well  for  the  divi- 
Arabs:  however,  he  was  certainly  the  sk)noftime.  We  nave  seen  what  were 
first  in  Europe  to  cak^ukte  a  table  of  the  various*  and  unsatisfactory  eon- 
tangents,  which  he  did  for  every  degree  trivances  of  the  Greeks  and  Arabs  to 
of  the  quadrant.  Nor  is  this  the  only  accomplish  this  important  point  Wal- 
benefit|of  the  kind  that  we  owe  him:  therwasoneofthefirst,itappears,'ofthe 
he  extended  the  table  of  sines  calculated  modems  who  recognised  the  existence 
by  Purbach  for  every  ten  minutes,  to  of  refraction;  of  which  it  is  true  he 
every  minute  of  the  quadrant,  for   a  formed  a  very  incomplete  idea ;  sup- 

■  ^   •  . ' ,  ^  --- ■  .    ■ —  posing  it  to  exist  only  near  the  horizon. 

.  ^|-«u».  m^    a  «*.•,.»«,.'  «  V»^2^  andTiWWl»d  both  koatod  rf 
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thi«  subject,  but  Walther  affirms  that  his  age),  his  PhoBnidan  oiigiii,  the  tniTeh  of 
discovery  was  made  previonsly  to  beoom-  Pythagoras  in  the  east, — ^if  we  compare 
ing  acquainted  with  the  works  of  either  these  circumstances  with  the  dochrmes 
of  these  philosophers.  of  Aryabhatta  in  India, — ^little  doubt  will 
p               ^  Y  remain  that  the  motion  of  the  earth  was 
Uhaptsr  1A.  borrowed,  with  other  truths,  from  one 
Copernicus,— Tycho.  ©f  the  oriental  nations.    Unfortunately 
The  limits  of  this  treatise  will  not  allow  we  know  not  much  of  the  arguments  by 
us  to  notice  various  meritorious  astro-  which  these  doctrines  were  supported 
noroers  of  the  early  part  of  the  sixteenth  in  Greece ;  though  we  possess  m  siiffi- 
century,  whose  names  are  now  little  cient  detail  the  nugatory  reasons  urged 
known,  and  whose  writings  can  oflPer  against  them  by  Aristotle,  and  in  later 
little  interest.   We  shall  proceed  at  once  times  by  Ptolemy*, 
to  a  work  which  was  destined  to  change  •    However,  it  was  not  difficult  for  Coper- 
forever  the  face  of  astronomical  science —  nicus  to  conceive  all  the  reasons  which 
the  Revolutions  of  Copernicus^.  Struck  led  the  Pythagoreans  to  the  doctrine 
with  the  complication  of  the  Ptolemaic  of  the  earth's  motion ;  and  these  he  has 
theory,  and  the  weakness  of  the  ar^u-  expounded  with  singular  judgment.    It 
ments  by  which  it  was  supported,  this  would  be  too  much  to  expect  him  to  be 
great   man    had   passed   nearly  forty  always  superior  to  the  erroneous  phy- 
years  of  his  life  in  meditating  on  the  steal  ideas  of  his  age ;  but  his  argument 
true  system  of  the  world.    He  was  led  is  in  general  equallv  distinguished  by 
irresistibly  to  the  conclusion  that  the  sound  sense  and  moderation.  He  begins 
system  taught  in  Greece  by  the  Pytha-  by  remarking  that  if  we  suppose  the 
goreans,  of  the  earth*s  motion  on  its  distance  from  the  earth  to  the  fixed  stars 
own  axis,  and  round  the  sun,  was  the  to  be  infinitely  great,  compared  with  its 
only  one  consistent  with  the  observed  distance  from  the  centre  of  the  universe ; 
phenomena  and  the  simplicity  of  nature,  but,  on  the  contrary,  this  latter  dis- 
But  to  make  this  very  interesting  and  tance  to  be  very  considerable  when  corn- 
important  question  fully  understood,  it  pared  with  the  orbits  of  the  planets; 
will  be  better  to  refer  to  the  opinions  of  all  the  phenomena  may    be  just    as 
preceding  philosophers  on  the  subject.  well  explained  by  supposing  the  earth 
From  a  very  early  age  in  Greece,  it  to  revolve  on  its  axis  from  west  to  east 
had  generally  been  recognized  that  the  in  twenty-four  hours,  and  to  have  be- 
earth  was  of  a  spherical  figure,  and  upon  sides  this  a  motion  of  translation  in  the 
this  point  there  was  not,  and  indeed  heavens  ;  as  by  supposing  the  earth  to 
there  scarcely  could  be,  any  difference  of  be  immoveable  while  the  fixed  stars  and 
opinion.    But  this  fact  once  conceded,  planets  revolve  round  it  ^in  their  dif- 
the  question   naturall}^  arose,   was  it  ferent  spheresf.    That  the  earth  itself 
suspended  motionless  in  the  universe,  was  a  point  compared  with  the  distance 
the  centre  of  the  heavenly  motions,  or  of  the  heavens  (meaning  the  fixed  stars) 
did  it  of  necessity,  as  some  argued  from  was  a  point  conceded  on  all  «sides ;  but 
the  supposed  impossibility  of  its  remain-  as  Copernicus  very  well  remarks,  it  by 
ing  unsupported,  revolve  round  another  no  means  follows  from  this  that  the 
body?    It  is  singular  enough,  that  the  earth  is  at  rest  in  the  centre  of  the 
philosophers  who  first  taught  in  Greece  universe :  on  the  contrary,  it  seems  the 
the  ruiiiments  of  science,  generally  advo-  more   extraordinary  that   such  avast 
cated  what  we  nowknow  unquestionably  circumference  should  revolve  in  twenty- 
to  be  the  real  system  of  the  world,  the  four  hours,  rather  than  this  infinitesi- 
revolution  of  the  earth  round  the  sun.  mally  small  part  of  it,  the  earth*. 
This  was  taught  by  the  followers  of  He  then  proceeds  to  consider  the  rea- 
•  Pythagoras,  and  by  those  of  Thales:  sons    ui^d   by   ancient   philosophers 
and  particularly  by  Philolaus  and  Anax-  against  the  earth*s  motion.  The  first  ar- 
imander.    If  we  consider  how  contrary  gument  he  combats  is  a  very  futile  and 
this  theory  apparently  is  to  the  evidence  fanciful  one  urged  by  Aristotle.  The  earth 
of  the  senses,  and  now  unlikely  to  be  according  to  him  was  the  heaviest  of  the 
one  of  the  first  truths  discovered  in  the  elements,  and  all  heavy  bodies  tend^  to 

infancy  of  science, — if  we  consider  the 

prediction  of  an  eclipse  by  Thales  (a  •Pi«tarch(Qu8B»tPiaqteiitn8th»iihe«yit«m 

Mr»A«if    Av»«a/xwi:ni>..»    /L^i.  !>       *u'            1  of  the  earth'*  motlou,  whIch  wM prooosed  Man  hy- 

most    extraordmary    fact  for  this  early  potheaU  by  Amtarchua,  wai  proted  by  Seleaco.  i 

vt  of  Uke  nature  of  thia  proof  we  are  in  Ignoraoce. 
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its  centre.  The  latter  part  of  this  alBr-  rest**  It  were  to  be  wished  that  Co- 
mation  we  should  have  in  these  days  pemicus  had  always  contented  himself 
little  difficulty  in  admitting,  but  the  in-  with  reasoning:  as  soundly  ;  bat  we 
ference  deduced  was  rather  extraordi-  have  seen  that  he  frequently  combats 
nary.  **  So  much  the  more  then/*  said  the  Aristotelians  with  arguments  frivo- 
Aristotle,  '■  will  the  whole  earth  rest  in  lous  and  futile  as  their  own  objections, 
the  centre,  and  that  which  receives  all  The  most  illustrious  sa^^s  have  shown 
heavy  bodies  falling  on  it.  remain  im-  that  on  some  weak  point  they  were  as 
moveable  by  its  own  weight/*  To  this  fallible  as  their  brethren,  and  Copernicus 
he  adds  an  argument  still  more  fanciful,  has  not  avoided  paying  this  tribute  to 
**  All  simple  motion  must  be  rectilinear  mortal  nature.  But  we  must  not  class 
or  circular ;  to  a  centre,  from  a  centre,  with  such  errors  his  speculations  on  the 
or  round  a  centre.  It  suits  earth  and  existence  of  several  centres  of  gravity 
water,  which  are  heavy  bodies,  to  tend  in  the  universe.  The  Aristotelians,  ob* 
downwards ;  air,  and  Hre,  which  are  light,  serving  that  heavy  bodies  on  the  earth*8 
to  rise  upwards :  it  seems  reasonable  to  surface  tended  to  its  centre,  hastily  con- 
£rive  these  four  elements  rectilinear  mo-  eluded  that  this  point  was  the  centre  of 
tion,  but  to  the  celestial  bodies,  a  circular  gravity  of  the  universe.  But  this,  Co- 
motion.'*  It  must  be  confessed  that  the  pernicus  remarks,  is  very  doubtfuL 
objections  urged  by  Ptolemy,  though  Gravity,  according  to  him,  is  nothing 
sufficiently  trivial,  were  a  little  more  but  the  tendency  of  parts  to  draw  toge- 
rational.  This  latter  author  objected  to  ther  and  coalesce  in  the  form  of  a  glol^*. 
the  diurnal  revolution  of  the  earth,  that  '*  Now  it  is  probable  that  such  a  tendency 
from  its  extreme  rapidity  it  would  over-  exists  in  the  sun,  moon,  and  other  hea^ 
come  the  force  of  gravity,  and  everything  venly  bodies ;  but  this  does  not  hinder 
on  the  earth's  surface  be  scattered  and  them  from  describing  their  respective 
dissipated  into  space.  The  reply  of  orbits.  If,  then,  the  earth  have  other 
Copernicus  is  not  completely  satisfac-  motions,  these  must  l>e  the  same  as  we 
tory ;  he  might  have  said  tnat  such  e£fects  appear  to  observe  in  'other  bodies ;  and 
would  not  necessarily  take  place,  unless  if  we  change  the  solar  orbit  into  a  ter* 
the  velocity  of  rotation  were  sufficiently  restrial  one,  the  risings  and  settings  of 
great  to  counteract  the  force  of  gravity :  the  signs  and  fixed  stars,  in  the  evening 
but  he  replied,  in  a  style  too  consonant  to  and  morning,  will  appear  the  same :  the 
that  of  his  adversaries,  that  the  motion  retrogradations,  and  precessions  of  the 
was  natural  and  not  violent ;  that  natural  planets  will  be  no  longer  their  real  mo- 
motions  have  not  the  same  effects  as  tions,  but  appearances  borrowed  from 
violent  ones ;  the  latter  tending  to  disso-  that  of  the  earth :  the  sun,  lastly,  will  be 
lution,  the  former  to  conservation*.  He  in  the  centre  of  the  universe,  as  the  order 
adds,  however,  much  more  reasonably,  in  which  these  phenomena  succeed  each 
that  if  Ptolemy*s  argument  be  worth  other,  and  the  harmony  of  the  whole 
anything,  it  will  apply  with  still  greater  world,  si]fficienfly  show.** 
force  to  the  celestial  sphere,  which  must  After  having  combated  the  opinions 
revolve  with  a  velocity  infinitely  greater,  of  preceding  philosophers,  with  regard 
and  consequently  be  exposed  in  an  infi-  to  the  immobUity  of  the  earth,  Coper- 
nitcly  greater  degree  to  this  dispersion,  nicus  proceeds  to  explain  his  own  sys- 
**  Why,  then,  do  we  hesitate,''  he  ex-  tem ;  which  placed  the  sun  in  the  centre 
claims,  "  to  give  to  the  earth  the  mobility  of  the  world,  the  planets  revolving  round 
suitable  to  its  form,  rather  than  that  the  it  in  the  following  order,  beginning  with 
universe,  whose  bounds  we  do  not  and  the  nearest:  Mercuiy,Venus,  the  Earth, 
cannot  know,  should  revolve  ?  why  Mars,  Jupiter,  and  Saturn.  The  Moon 
should  we  not  confess  that  the  diurnal  revolved  in  a  circle,  which  had  the 
revolution  is  apparent  only  in  the  heavens  Earth  for  its  centre,  and  consequently 
and  real  in  the  earth  ?  Thus  Eneas  in  participated  in  the  annual  motion  of 
Virgil  exclaims—  that  body.     As  the  Copemican  system 

Provehimur  portu,  terrsBqae  nrbeique  reeedant.  is    nOW    explained   in    all    treatises     OU 

Since  while    the  ship    glides    tran-  astronomy,  we  shall  not  enter  into  details 

quilly  along,  all  external  objects  ap-  respecting  it,  but  shall  merely  notice  one 

pear  to  the  sailors  to  move  in  proper-  or  two  circumstances  connected  with  it, 

lion  as  their  vessel  moves,  and  they  alone  which  are  not  so  generally  known.  Ever 

and  what  is  with  them,  seem  to  be  at  since  the  time  of  Aristotle  it  had  been 
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r«etif«d  OuA  ill  the  heavenly  motknif  Inttoni|)Meottlie«ygtemof  Ciyeiaiaiis 
were  eureulur.  This  doctrine  was  founded  was  unnecessarily  complicated :  there  is 
on  soiM  very  fake  metaphysical  notions,  nothing  in  the  motion  round  the  sun  to 
about  theexo^nce  and  incorruptibility  derange  the  earth^s  axis,  which  alwayi 
of  circular  motion,  but  it  led  astray  Pto*  remains  very  nearly  parallel  to  itself: 
lem^.  and,  we  must  add  with  reeret,  Co-  consequenthr,  the  two  counteracting  mo- 
pemicus ;  indeed,  the  latter  pushed  these  tions  of  Copernicus  should  be  sup- 
ideas  so  far  as  to  blame  Ptolemy  for  pressed.  Delambre,  Astron«  Moderne* 
having  admitted,  for  the  minor  planets,  vol.  L,  p.  95,  affirms  that  Kepler  was 
a  motion  which  was  not  uniform  round  the  first  to  point  out  the  propriety  of 
the  centre  of  the  circle,  but  round  a  this  suppression  ;  but  the  fact  is  that  it 
pohik  at  a  certain  distance  from  it  was  most  clearly  indicated  by  Roth- 
His  reasoning  on  this  subject  is  com*  mann,  astronomer  to  the  Landgrave  of 
pletely  Aristotdian«  **  It  is  impossible  Hesse,  before  Kepler.  In  a  ktter  to 
that  a  sinssle  celestial  body  can  move  Tycho  Brahe,  he  remarks  "  there  is  no 
unequally  in  one  orbit ;  for  that  must  occasion  for  the  triple  motion  of  the 
happen,  either  through  the  inconstancy  earth ;  the  annual  and  diurnal  motions 

of  the  moving  power,  whether  it  be  ex-  suffice. The  axis  of  the 

traneotts,  or  belonging  to  its  intimate  earth  is  so  carried  round  in  its  an* 
nature ;  or  through  a  disparity  in  the  nual  motion,  that  it  always  remains 
body  revolving.  But  both  of  these  sup-  pointed  in  a  parallel  direction  to  the 
positions  are  repugnant  to  our  under*  same  part  of  the  universe ;  and  on  ac- 
standmgs*."  However,  it  was  neces-  count  of  the  evanescence  of  the  terres- 
sary  to  have  recourse  to  some  hypo-  trial  orbit,  compared  with  the  immensity 
thesis  for  explaining  the  evident  excen-  of  the  sphere,  it  always  remains  directed 
tricity  of  the  planetary  orbits.  Coper-  exactly  to  the  same  point.*'  This  letter, 
nieus  employed  the  ancient  hypothesis  printedinTycho'8£pistol8e,lib.i.,p.  184. 
of  an  epicycie  lor  this  purpose ;  and  this,  is  datedin  the  year  1590.  Kepler*s  earliest 
perhaps,  was  the  best  that  could  be  work  was  pnnted  1596  ;  his  Epitome 
adopted  k>efore  the  discovery  of  the  real  of  the  Copemican  Astronomy,  in  1618. 
form  of  these  orbits  by  Kepler.  But  he  Copernicus  has  also  fallen  into  the 
bad  the  advantage,  m  his  system,  of  mistake  of  admitting  an  inequality 
being  obliged  to  introduce  epicycles  to  in  the  precession  of  the  equinoxes,  ana- 
account  for  the  real  inequalities  only  of  logons  to  that  already  spoaen  of  under 
the  planets,  while  Ptolemy  was  com-  the  name  of  trepidation,  which  existed 
pelled  to  combine  with  these  numerous  only  in  the  imaginations  of  certain  au- 
others,  to  explain  their  stations  and  re-  thors  of  the  middle  ages ;  having  been 
trogradations.  passed  over  in  silence  by  Ptolemy,  and 

In  speaking  of  Hipparehus,  we  have  distinctlv  rejected  by  £1-Batani. 
noticed  the  discovery  he  made  of  an  ap-       The  iUustrious  author  of  the  Revolu* 

parent  retrogradation  of  the  equinoctial  tions  was  well  aware  that  his  system  of 

points.     Copernicus  pointed  out  that  the  world,  as  well  from  its  novelty,  as 

this  phenomenon  was  the  effect  of  a  from  the   intellectual    monopoly  then 

libration  of  the  earth's  axis,  which  did  exerdsed  by  the  followers  of  Anstotle, 

not  remain  parallel  to  itself,  but  had  a  was  likely  to  meet  with  great  opposi- 

slow  retrograde  conical  motion,  the  cone  tion ;  and  he  seems  to  have  l>een  anxious 

in  question  having  its  vertex  at  the  earth's  to  present  it  in  a  form  as  little  offensive 

eentre.     He  seems  to  have  imagined  as  possible.    But  he  does  not  appear  to 

that  the  motion  of  translation  would  have  anticipated  the  outcry  that  would 

derange  the  parallelism  of  the  earth's  be  made  a^[ainst  him  upon  what  were 

axis,  and  that  it  was  necessary  to  give  called  religious  grounds.    To  such  ob- 

this  latter  a  retrograde  conical  motion  jections  he  alludes   briefly   and  con* 

of  the  nature  described,  and  in  quantity  temptuously ;  and  it  is  somewhat  singu- 

such  as  nearly  to  counteract  the«  effect  lar  that  he  not  only  dedicates  his  work 

of  the  libration  from  the  annual  motion,  to  Pope  Paul  tlie  Third,  but  mentions 

But  he  did  not  suppose  this  to  be  exactly  that  he  was  principally  induced  to  pub- 

the  case :  the  retrograde  motion  of  the  lish  it  by  the  persuasions  of  his  friends, 

axis  was  made  to  surpass  a  little  the  Schonberg,   Cardinal   of  Capua,    and 

other,  and  this  excess  was  supposed  to  Gisias,  Bishop  of  Culm.    Apparently, 

produce  the  phenomena  of  precessioD.  these  prelates  suspected  as  little  as  him« 

self  that  any  charge  of  impiety  could  be 

•  Bevoi.  i.  4.  extracted  from  an  astronomical  theory. 
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*  The  dodrines  of  Oopernieiu  fcmiii,  fflumwiatad  part  of  the  cartVs  miitee. 
i&t  first,  few  partiiaQS ;  but  these  were  This  exphmation  is  so  simple  and  so 
all  men  of  creat  scientific  merit,  and  natnral,  that  it  has  been  umversally  ad- 
among  the  nrst  astronomers  of  their  mitted  by  astronomers  erer  since.  It 
day.  Such  were  Rhsetieus,  who  has  is  said,  however,  that  the  celebrated 
wntten  a  commentary  on  the  Revolu-  painter,  ^  Lionardo  da  Vinci,  bad  made 
ttons,  and  to  whom  we  owe  the  ^aluaUe  this  remark  before  Msestlin  *. 
Opus  Palatinum  *,  and  Erasmus  Rhei^  The  middle  of  the  sixteenth  centniy 
nold,  author  of  the  Prutenie  Tables,  was  rendered  memorable  by  the  pub« 
whidi  may  be  oonsideied  as  an  amelio«  lication  of  the  immortal  work  of  Co* 
ration  of  those  of  Copernicus,  and  which  pemiiius ;  the  close  of  it  was  adorned  by 
enjoyed  for  some  time  considerable  re*  the  labours  of  Tycho  Brah^  f .  The 
putation.  The  commentary  of  Rhsticus  fmner  had  passed  his  life  in  meditation 
informs  us  of  a  curious  fiEiet ;  that  it  was  on  the  subUmest  truths  of  astronomy, 
the  obsenration  of  the  orbit  of  Mars,  the  latter  devoted  his  time  and  fortune 
and  of  the  very  great  difference  between  to  diligent  observation  of  the  heavens, 
his  apparent  diameters  at  different  times.  He  was  rewarded  by  a  number  of  bril- 
which  first  led  Copernicus  to  embrace  Hant  discoveries,  which  have  secured 
the  system  of  the  Pythagoreans ;  we  for  him  a  fame  eoual  to  that  <rf  his  most 
shall  see  that  the  same  planet  led  Kepler  distinguished  predecessors.  Fortunately 
to  the  discovery  of  one  of  the  most  ixn-  for  science,  he  found  a  protector  in 
portent  facts  connected  with  our  8ys«  Frederic,  king  of  Denmark,  who  granted 
tern.  Rheinold  is  remarkable,  as  hav*  him  the  islaira  of  Huene  in  the  Baltic, 
in^  tanght  that  the  orbit  of  Mercury  was  and  assisted  him  in  building  a  splendid 
elliptic ;  and  in  his  theory  of  the  moon  observatory,  furnished  with  instruments 
he  made  her  epicycle  to  revolve  on  an  superior  to  any  that  had  yet  been  con- 
dliptic  orbity  thereby  partially  antici-  structed.  Here  he  continued  for  twenty 
pating  the  great  discovery  of  Kepler,  to  years ;  and  in  that  time  collected  a  mass 
which  we  have  just  alluded.  To  Rhei-  of  observations,  which  were  of  the  great- 
nokl  and  Rhseticus  we  may  add  the  est  use  to  succeeding  astronomers,  as 
names  of  Rothmann,  astronomer  to  the  vrell  as  to  himself,  in  the  reformation  of 
Landgrave  of  Hesse,  and  Mfestlin,  the  the  sciences.  But,  at  the  death  of  F^- 
instructor  of  Kepler.  The  Landgrave  deric,  the  enemies  of  Tycho  induced  the 
of  Hesse  is  a  remarkable  instance  of  a  minister  Walchendorp,  to  withdraw  the 
sovereign  prince  animated  with  such  an  donations  of  the  late  king,  and  the  as- 
ardour  for  science,  that  for  many  years  sistance  he  had  l>een  in  the  halMt  of  re- 
he  devoted  himself  to  assiduous  obser-  oeivitig.  These,  and  other  circumstances, 
vation,  and  produeed  a  catalogue  of  the  induced  the  illustrious  astronomer  to 
fixed  stars,  which  was  enabled  to  bear  a  withdraw  in  disgust  into  Germany, 
comparison  with  that  of  Tycho  Brah6«  where  he  met  with  Kepler,  who,  of  all 
He  was  assisted  by  Rothmann,  just  men*  men  in  Europe  at  that  time,  was  per- 
tioned,  and  Justus  Byrgius,  a  mathema-  haps  the  best  able  to  make^  good  use  of 
tician  of  considerable  eminence,  and  well  his  extensive  and  valuable  observations, 
versed  in  the  construction  of  astrono-  We  have  seen  that  the  Greeks,  in 
mical  instruments.  Maestlin,  one  of  comparing  the  position  of  the  fixed  stars 
the  few  partisans  in  those  days  of  the  with  that  of  the  sun,  made  use  of  the 
system  of  Copernicus,  is  known,  not  moon ;  they  determined  in  the  day-time 
merely  as  the  preceptor  of  the  illus-  the  distance  of  these  two  bodies,  and  at 
trious  Kepler,  but  as  having  been  the  night  the  difference  of  position  between 
first  to  explain  the  real  cause  of  the  the  moon  and  a  given  fixed  star.  The 
light  seen  on  that  part  of  the  moon*s  rapid  proper  motion  of  the  moon  made 
disk  which  is  not  directly  illuminated  by  this  method  very  inaccurate:  Tycho 
the  sun.  The  opinion  previously  enter-  improved  it  materially  by  substituting 
tained  upon  that  subject  had  l)een,  that  for  the  moon  the  planet  Venus  {,  whose 
this  was  produced  by  a  proper  light  be-  proper  motion  is  at  once  much  smaller 
longingto  the  moon  itselft;  but  Maestlin  &od  more  uniform,  and  from  its  great 
attributed  it,  and  with  reason,  to  the  brightness  is  frequently  visible  for  some 
reficction  of  the  solar  light  from  the  .  u/e  of  Gauieo,  p.  33.                         "~^ 

"" — t  Born  in  1546  at  Kntidstrap  In  Denmark— died 

*  An  extremely  exleoalre  table  of  rtaes,  tm-  lo  IStl,  at  Prairae  In  Bohemia, 

gents,  &e.  ^  Xt  appeals,  bowerer,  tkut  the  Laodgnre  bad 

t  Othen  Mid  that  It  was  produoed  by  Um  light  sometimes  need  Venue  in  a  similar  way :  we  have 

ofVeniis.   V.I4f«(tfOiaUM,p.S4  bo  neaaidf  Judging  to  irHeh  the  prioidty  Is  due. 
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time  while  the  sun  is  yet  above  the  who  introduced  this  important  correction, 
horizon.    Having  once  determined  in  He  made  the  horizontal  refraction  34' ^ 
this  way  the  places  of  a  few  principal  which  agrees  very  well  with  modern  deter- 
fixed  stars,  the  others  were  referred  to  minations;  but  he  was  mistaken  in  sup- 
them  by  measuring  their  angular  dis-  posing  that  refraction  does  not  exist 
tancestotwo  fixed  stars,  one  to  the  east,  above  45°  of  altitude.    This  mistake  ia 
and  one  to  the  west,  and  by  determining  observation  led  him  to  another  in  theory, 
their  meridian  altitudes.    It  was  easy  In  the  beginning  he  had  formed  a  just 
from  these  data,  to  calculate  the  right  conceptionof  the  causes  of  refraction;  he 
ascensions;  and,  as  the  meridian  ob-  attributed  it  to  a  difference  in  density 
servation  gave  the  declination,  to  de->  between  the  atmosphere  and  the  ethereal 
termine  the  longitudes  and  latitudes.  It  matterwhichhe  supposed  to  pervade  the 
appears  that  Walther  was  the  author  of  planetary  regions.     On  this  subject  he 
the  method  of  determining  a  star's  place  had  a  warm  discussion  with  Rothmann, 
by   observing    its    distances   to  other  who  attributed  refiraction    to  vapours 
known  fixed  stars.    These  contrivances  arising  from  the  earth,  and  rendexin^ 
would  have  l)een  unnecessary  had  astro-  more  dense  the  lower  regions  of  the  at- 
nomers  possessed  any  means  of  mea-  mosphere*.     The    argument  of  Roth- 
surlng  time  accurately.  The  Greeks  used  mann  against  the  theory  of  the  Danish 
for  this  purpose  water-clocks,  which  were  astronomer  was  indeed  irrefragable,  had 
necessarily  very  imperfect :  Tycho  had  the  facts  been  as  admitted  on  both  sides, 
substituted  for  water,  mercury,  and  this  If  refraction  were  owing  to  the  causes 
not  answering,  he  had  made  several  at-  assigned  by  Tycho,  he  contended  that  it 
tempts,  as  Walther  and  the  Landgrave  would  extend  to  the  zenith;  and  thou£:h 
of  Hesse  had  done  before  him,  to  mea-  Tycho  at  one  time  admitted  that  this 
sure  time  by  means  of  clocks  moved  with  might  be  sot,  he  seems  ultimately  to  have 
wheels,  but  had  not  been  able  to  construct  been  convinced  of  the  contrary,  as  in  the 
any  which  gave  satisfaction.    This  diffi-  Progymnasmata  J  he  adopts  the  expla- 
cuity  was  not  surmounted  before  the  time  nation  of  Rothmann. 
of  Huyghens.   Tycho  was.  however,  ena-        The  year  1572  is  memorable  in  the  an- 
bled  to  form  a  catalogue  of  the  fixed  stars,  nals  of  astronomy  for  the  appearance  of 
surpassing   considerably    in    accuracy  a  new  star  of  extraordinary  brilliancy  in 
those  of  Ptolemy  and  the  Arabs.    In-  the  constellation   Cassiopeia.     It    ap- 
deed,  he  flattered  himself  that  the  errors  peared  on  a  sudden  with  a  light  greater 
never  exceeded  a  minute ;  but  in  this  he  than  that  of  any  of  the  fixed  stars,  or 
seems  to  pretend  to  a  greater  degree  of  even  Jupiter,  and  nearly  equal  to  that  of 
accuracy  than    his   instruments  were  Venus  when  brightest.    But  it  did  not 
susceptible  of.  long  shine  with  this  dee^ree  of  splendour  : 
Hitherto  astronomers  had  always  do-  it  was  first  seen  by  Tycho  on  the  11th 
termined  the  latitude  of  the  place,  where  of  November,  and  by  the  month  of  Janu- 
they  made  their  observations,  by  ob-  ary,  its  light    was  less  than  that  of 
serving  the  zenith  distances  of  the  sun,  Jupiter ;  in  February  and  March  it  was 
at  the  summer   and  winter  solstices,  comparable  to  the  fixed  stars  of  the 
Half  the  sum  of  these  quantities  was  first  magnitude ;  during  April  and  May 
the  latitude  required.    Tycho  invented  to  those  of  the  second,  and  so  it  went  on 
another  method,  much  more  convenient,  diminishing  till  it  finally  disappeared  in 
as  the  latitude  could  by  it  be  found  in  March  1574.    A  phenomenon  so  extra- 
twelve  hours  instead    of  six  months,  ordinary  could  not  fail  to  fix  the  atten- 
during  which  it  was  necessary  to  wait  in  tion  of  all  astronomers.    It  furnished 
the  old  method.    He  observed  the  zenith  Tycho  Brah6  with  matter  for  a  consider- 
distances  of  some  circumpolar  star  on  able  treatise,  in  which  he  has  compared 
the  meridian  when  above  and  below  the  and  discussed  the  various  observations 
pole:  half  the  sum  of  these  was  the  made  on  it  in  different  parts  of  Europe, 
colatitude  of  the  place.    On  comparing  From  all  of  these  it  evidently  resulted 
the  latitude  thus  found  with  that  deter-  that  the  star  in  question  had  no  sensible 
mined  by  observations  of  the  solstices,  parallax,  and  consequently  was  infinitely 
he  found  a  difference  of  four  mmutes,  beyond  the  planetary  regions.    It  has 
which  he  rightly  imputed  to  the  effects  been  said  that  this  phenomenon,  rare  as 
of  refraction.  This  led  him  to  form  from  it  is,  was  not  altogether  unprecedented  in 

observation  a  table  of  refractions,  which — 

though  necessarily  imperfect  secures  for  !  b' 5P*l*:.^?  «°'i!!«^** 

him  the  glory  of  having  been  the^  first  » i>e  ateiii.  dotI.  p.  9i. 
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the  history  of  the  world.  Pliny  narrates  same  Ulnstriotts  author.  HipfMurehus 
that  a  similar  circamstance  suggested  had  shown  that  the  lunar  orbit  was  in- 
to Hipparchus  the  idea  of  forming  a  cata-  dined  to  the  ecliptic  at  an  angle  of  nearly 
logue  of  the  fixed  stars.  The  fact  is  5° ;  but  Tycho  proved  that  this  inclina- 
certainly  possible ;  but  if  it  be  true,  it  tion  is  not  constant,  it  varies  nearly  2(f; 
seems  singular  that  the  star  should  not  it  is  at  its  maximum  when  the  moon  is 
be  mentioned  in  the  catalogue  of  that  in  quadratures,  and  at  its  minimum  when 
astronomer.  Some  authors  have  quoted  in  syzigies*.  The  third  discovery  of  Tycho 
on  this  subject  the  tradition  with  regard  on  this  subject  was  that  the  motion  of  the 
to  the  constellation  of  the  Pleiades ;  lunar  nodes,  is  not,  as  had  been  sup- 
which  are  said  to  have  been  originally  posed,  uniform,  but  variable,  at  onetime 
seven  in  number,  whereas  six  only  are  appearing  to  advance,  at  another  to 
usually  perceived  by  the  naked  eye ;  but  retrograde. 

this,  even  if  well  established,  would  merely  It  has  been  shown  that  the  Chaldseans, 
prove  a  diminution  in  brightness  of  one  according  to  Apollonius  Myndius,  be- 
ef the  stars  forming  that  constellation.  lieved  comets  to  be  bodies  of  the  same 

Tj^cho  was  too  good  an  astronomer  to  nature  as  the  planets ;  and  this  opinion 

admit  the  pretended  inequality  in  the  is  warmly  embraced  by  Seneca.    But  it 

precession  of  the  equinoxes,  which  had  never  seems  to  have  enjoyed  much  favour 

been  introduced  into  the  tables  of  Al-  amone  astronomers  before  the  latter  part 

phonso  and  Copernicus.  This  invention  of  the  fifteenth  century.    The  best  phi- 

of  a  barbarous  age  was  now  finally  dis-  losophers  entertained  the  most  inade- 

carded;  nor  would  it  have  stood  so  long,  auate  ideas  upon  this  point,  believing 

were  it  not  for  the  undeserved  confidence  tnem  to  be  not  merely  sublunary  bodies, 

some  astronomers  placed  in  the  position  but  even  within  the  terrestrial  atmos- 

of  the  fixed  stars  as  [given  by  Ptolemy,  phere*;  and  to  these  false  notions  they 

But  Tycho  and  his  correspondent  Roth-  added  others  still  more  absurd  about  the 

mann  were  satisfied  that  Ptolemy  had  generation  of  these  bodies  in  the  upper 

only  borrowed  the  catalogue  of  Hippar-  regions  of  the  air.    Tycho  was  the  first 

chus,  reducing  it  to  his  own  times,  by  to  overthrow  these  prejudices ;  and  his 

the  value  he  assigned  to  Precession  *;  an  labours  on  this  point  form  one  of  his 

opinion  which  has  generally  been  adopted  most  solid  titles    to   glory.     Having 

by  succeeding  philosophers.    In  com-  observed  carefully  the  comet  of  the  year 

paring  the  positions  given  by  Hippar-  1577  through  the  whole  visible  part  of 

chus,  with  those  of  his  own  catalogue  of  its  orbit,  he  established  beyond  a  doubt, 

the  fixed  stars,  Tycho  Brah6  was  led  that  it  had  no  sensible  parallax ;  whence 

to   the  important    discovery  that    the  he  deduced  two  conclusions  of  great 

inclination  of  the  earth*s  equator  to  the  importance,  and  quite  fatal  to  the  es- 

piane  of  the  ecliptic  is  not  constant,  but  tablished  theories  on  the  subject.    The 

subject  to  a  vei^  slow  diminution.    As  first,  that  comets  move  far  beyond  the 

the  diminution  m  question  is  very  ^a-  orbit  of  the  moon ;  the  second  that  the 

dual,  the  existence  of  it  was  for  a  long  heavens  are  not  formed,  as  was  then 

time  disputed ;    but  modern   observa-  supposed,  of  solid  transparent  spheres, 

tions  have  established  it  beyond  dis-  since  they  are  traversed  by  comets  in 

pute,  and  La  Grange  has  shown  that  every  direction.    The  Ajristotelians  were 

it  is  a  consequence  of  the  theory  of  uni-  reluctant  to  concede  two  points  so  op- 

versal  gravitation.                    *  posed  to  their  doctrines ;  and  Tycho  was 

We  have  seen  that  Ptolemy  attributed  violently  attacked  upon  this  subject  by  a 
to  the  moon  two  inequalities,  the  one  Scotchman  named  Craig ;  but  his  adver- 
depending  on  the  excentricity  of  her  saries,  totally  [unable  to  meet  his  reasons, 
orbit,  the  other  on  the  position  of  the  had  recourse  to  persondities,  which 
line  of  the  apsides  with  regard  to  that  could  not  shake  the  facts  laid  down  by 
of  the  syzigies.  Tycho  discovered  a  the  Danish  astronomer.  The  debate 
third,  called  the  variation :  this  is  was  renewed  in  the  time  of  Kepler,  but 
greatest  in  the  octants,  that  is  to  say,  the  question  was  decided  in  the  minds 
at  45°  of  elongation  from  the  sun  of  all  redly  scientific  men  by  the  discus- 
Cat  which   time  it  amounts  to   more  sion  of  Tycho. 

than  400,  while  the  evection  discovered  It  being  once  established   that  the 

by  Ptolemy  is  greatest  in  the  quadra-  cometary  orbits  were  of  a  magnitude 

tures.    This  discovexy  was  an  important  comparable  to  those  of  the  planets,  the 

improvement  in  ^the  ^lunar  theory ;  it    

is  not  the  only  one  that  we  owe  to  the  *  The  iDequality  of  the  IncUnaUoD  dependa  b1«o 

.-^i......... -  on  the  position  of  the  moon's  nodes ;  hut  this  Tycho 

*  Eplatt  Af troB.  p«  87.  doM  not  aeem  to  hsvc  perceived. 
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^neitton  iMhira4)r  loggifiad  ttidf ,  wM  pl«Ml'ft|>Npetorifil';«id;tBtl»«Me<»ff 
wfts  tiie  nature  of  theM  orbits  ?  "  MdMt*  the  superior  i)l«iiet%  the  ooiiYerse. 
lin,  a  seftlous    Copemusaa,   supposed  ][t  cannot  but  be  interesting  to  kaow 
comets  to  revolve  in  a  eirde  rouad  the  the  reasons  which  the  Danish  fphik)8o- 
sun ;  and  he  explained  the  ine(}ualities  pher  urged  in  defence  of  his  own  theory 
of   their   motion,  by   introducing   an  against  the  adherents  of   OopemknuL 
epicycle  on  which  he  nsade  them  move ;  We  shall  not  notice  the  aigumeiks  drawn 
but  Tycho  who  did  not  admit  the  eaith*8  from  the  Scriptures*  because  it  is  now 
motion  round  the  sun,  proposed  to  ex^  generally  admitted,  as  indeed  was  as- 
plain  their  irregularities  by  combining  sertedby  the  Copemicans  of  those  days, 
their  own  circular  motion  round  the  that  we  are  not  to  look  in   them  for 
sun,  with  the  revolution  round  the  earth  strictness  of  scientific  expression  on  such 
that  he  attributed  to  that  body.  subjects,  since  they  naturally  use  otdy 
It  is  melancholy,  after  rdating   so  such  language  as  would  l)eintelligtbl«  to 
many  brilliant  discoveries,  to  have  to  those  to  whom  they  were  addressed*, 
rec^  that  Tycho  rejected  the  Coper-  It  can  scarcely  l>e  supposed  that  the 
niean  system  of  the  world.    Whether  Pope,  to  whom  Copernicus  dedicated 
be  was  loAuenced  by  a  wrong  interpret  bis  work,  or  the  prelates  who  exhorted 
tation  of  some  passages  of  Scripture,  or  him  to  puUish  it,  imagined  that  his 
the  desire  to  attach  his  name  to  a  new  doctrines  contained  anything  contnuy 
theory  of  the  universe,  or  was  really  to  the  Scriptures.    It  was  in  later  times 
perstmded  that  the  arrangement  proposed  that  the  cry  of  impiety  was  set  up ;  and 
by  Copernicus  was  physically  untenable,  it  was  pretty  evident  that  this  damour 
it  is  not  easy  to  decide.    It  is  certain  arose  from  the  offended  pride  and  pre- 
that  he  generally  speaks  of  this  great  judioes  of  the  Aristotelians,  deterrained 
astronomer,  in  terms,  not  d  respect  to  punish  as  here^  what  they  ooiiki 
merely,  but  admiration :  uid  he  refutes  not  refute  as  false  philosophy.    T^cbo 
himself  the  arguments  urged  against  the  Brah^,  indeed,  was  not  an  Aristotelian, 
diurnal  motion  of  the  earth  by  Ptolemy  and  it  is  probable  that  he  was  sincere 
sad  others,  remarking  that  the  atmos*  when  he  quoted  certain  phrases  used  by 
ftere  would  in  this  case  revolve  with  Moses,  as  hostile  to  the  opinion  of  the 
the  earth,  nor  vroxM  those  absurd  con-  earth's  motion ;  but  it  is  lamentable  to 
sequences  result  which  had  been  sup*  see  such  a  man  leadii^  the  way  in  ftn 
posed*.    Yet  led  by  other  reasons  of  no  omxnition  of  this  kind.    He  would  pro- 
greaterjweight,  he  r^ected  this  diurnal  bably  have  repented  of  iit,  could  he  have 
motion :  and  placed,  with  Aiistotle  and  foreseen  the  consequences  to  which  it 
Ptolemy,  the  earth  at  rest  in  the  centre  led  in  the  case  of  Oalileo. 
of  the  universe.    He  supposed  the  sun  The  great   aigument  used   by  this 
to  revolve  round  the  earth;  but   his  enuuent  man  against  the  eaith*s dismal 
system  di^red  from  that  of  Ptolemy  in  motion  was  this :  if  a  stone  bt  suflRered 
this,  that  be  made  the  five  minor  planets  to  fall  from  the  top  of  a  high  tower,  it 
to  revolve  round   the   former,  which  would  not,  as  we  see  it  does,  iUl  at  the 
carried   them    ak>ng   with    it  in   its  foot  of  that  tower ;  tlie  earth's  velodty 
annual  course  round  the  earth.    It  is  of  rotation  being  so  great,  that  during 
not  to  be  denied  that,  mathematically  the  few  seconds  it  took  to  fall,  the  tower 
speaking,  this  system  satisfies  the  phe<*  itself  would  have  passed  through  an  arc 
nomena  observed;  but  it  is  so  immeassr^  of  several  hundred  feet,  and  the  stone 
ably  infericNr  to  that  of  Copernicus  m  be  left  &r  bdiind  ere  it  touched    the 
simplictty,  that  it  appeals  very  extra«  ground.    To  this  it  was  answered  by  his 
ordmary,  it  should  have  been  imagined  correspondent  Rothmann,    that   every 
after  the  other  was  known.  Holding,  as  body  on  the  earth's  siu'face  partakes  of 
theq^stemofXyoho  does,  an  intermediate  the  earth's  motiont ;  thsit  consequently 
place  between  those  of   Ptolemy  and  the  motion  of  a  falling  bodv  is  com- 
Copernicus,  one  would  have  expected  pounded  of  a  rectilinear  ana  circular 
that  it  should  have  been  the  first  attempt  motion ;  the  forsoer  tending  to  the  cen- 
to   sittpliiy    the  complication  of  the  tre  of  tiie  earth ;  the  latter  in  the  cir* 
former.  Indeed  we  may  easily  pass  from  cumfierence  of  the  circle  described  by 
the  first  to  tiie  second  of  these,  by  the  point  from  which  it  falls;  and  if 
making,  for  the  inferior  planets,  tho  the  vdocity  with  which  this  point  re- 
deferent  eoinekle  with  the  annual  orbit  volves  be  so  great,  what  then  must  be 
of  the  sun,  and  Jhe  ej^eyde^  with^  the    .^--^ ........^..........^-...............^ 

■~"-' •  T.  Rothmafin  In  Eplrt.  Astroii.  p.  130, 

•  EpUt.  ▲«txoii.  p.  74.  t  £pi0t.  AfUon.  {h  18ft. 
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flilit  tif  Hw  flpbere  of  the  isBd  itMrfe^  if  the^Mit  televoopw^lhtf  iiavefio 

w«»  taking  tne  other  tide,  suppose  the  oiablo   diameter,  appeatmf^  eimpfy'  ai 

tartti  to  be  at  rest.  highly  luminooi  pointer 

The  arguments  of  lycho  against  the 

ammai  motion  of  tbe  earth  were  much  ObAPTxft  X 
more  weighty:  the  mo«t  important  of 

them  was  drawn  {h»tt  the  fact  of  the  it^bmatim  of  the  C(denchr'--fCeplet 

fixed  stm  having  no  annual  paraUax.  -^  ^lam  of  the  Planetary  Orbits. 
I^  as  Copernicus  teaches,  the  earth 

revolves  round   the   sun  in  an  orbit  Whin  Julius  Cesar,  and  his  adviser 

nearly  circular,  her  places,  at  intervals  Sosigenes,  determined  that  in  the  Roman 

of  nearly  six  mouths^  will  be  distant  torn  calendar  every  fburth  year  should  be  bis^ 

each  otner  by  the  whole  diameter  of  the  sextile,  they  seem  to  have  supposed  the 

orbit.    If  then  we  suppose  Hues  drawn  year  to  have  been  composed  of  exactly 

from  two  places  diametrically  opposite  to  865  days,  6  hours.  Yet  Hipparehus  had 

tile  nearest  fixed  star,  these  two  lines  proved,  a  century  before,  that  this  value 

will  form  an  angle  (called  the  annual  psp  vras  about  five  minutes  too  great ;  and 

rallax),  which  must  be  appreciable,  unless  even  his  determination  was  considerably 

the  distance  of  the  star  is  so  great,  that,  in  excess,  as  the  reel  length  was  not  more 

compared  with  it,  the  diameter  of  the  than  365  days  5  hours,  48  minutes^  45 

eartn*s  orbit  is  insensible.    But  this  dia*  seconds;  and  consequently  the  excess 

meterisinitself  of  such  immense  length,  of   the  Julian  above  the  tropical  year 

that,  according  to  Tycho,  the  supposition  amounted  to  more  than  11  minutes.  At 

Just  mention^  would  be  preposterous ;  the  end  of  a  eentuiy  the  difference  had 

and  as  it  is  established  by  observation  accumulated  to  more  than  18  hours, 

that  the  parallax  ofthe  orbit  is  insensible,  and  at  the  end  of  fifteen  centuries  to 

we'must  conclude  that  the  earth  does  nearly  1 1  days,  by  which  the  seasons 

not  move  round  the  sun.    This  is  the  had  moved  from  the  places  in  which 

most  specious  of  all  the  arguments  urged  they  were  originally  fixed.    Thus  the 

against  the  Copernican  system.     We  vernal  equinox,  which  at  the  mstitutioft 

have  now  incontestable  proofs  of  the  of  the  calendar  by  Julius  CsBsar,  fell  on 

earth's  motion,  and  we  know,  astonish-  the  121st  of  March,  had  retrograded  to  the 

ing  as  the  fact  may  appear,  that  the  lOth:  and  if  no  steps  had  been  taken  to 

distance  of  the  fixed  stars  is  inftnitelv  conrect  this,  in  the  course  of  time,  spring 

great  when  compared,  not  merely  with  would  have  commenced  in  December, 

the  diameter  of  the  earth  itself,  but  even  summer  in  March,  autumn  in  June,  and 

with  that  of  its  orbit.    But  it  is  not  sur-  winter  in   September.     In  process  of 

prising  that  in  earlier  ages  men  should  time,  the  equinox,  having  passed  sue- 

have  been  reluctant  to  admit  such  a  con-  eessively  through  all  the  intermediate 

elusion ;  however  as  there  is  no  absurdity  months,  would  have  returned^  egain  to 

in  it,  thej  were  not  justified  on  this  single  that  of  Msroh.    But  before  this  took 

ground  m  rejecting  a  system  so  simple  place   a    great  many  centuries  would 

and  beautiful  as  that  of  Copernicus,  have  elapsed;  and  even  supposing  the 

lyoho  6rah6  has  urged  another  argu-  derangement  to  have  been  much  more 

ment,  ingenious  enough  tbot^h  founded  rapid,  it  may  be  questioned  whether  it 

on  a'Imistake  in  facts.  The  imperfection  would  have  caused  any  practical  ineon- 

of  the  instruments  and  methods  of  ot>-  venience.    The  ancient  £|ifyptians  knew 

servations  used  in  those  times,  led  him  that  the  solar  year  comprised  about  365 

to  ascribe  a  sensible,    though   small,  days  and  a  qnarter,  yet  they  made  their 

apparent  diameter  to  some  of  the  fixed  civil  year  of  365  days  only ;  the  conse- 

stars.  If  then,  he  argued,  the  fixed  stars  quence  of  which  was  that  each  month 

be  as  distant  as  Copernicus  supposes,  corresponded  in  succession  to  different 

in  order  to  subtend  a  visible  angle,  the  seasons,  a  complete  restitution   being 

diameters,  even  of  stars  of  the  third  eflRected  in  about  1461  years.    It  is  pro- 

magnitude,  must  be  greater  than  that  of  bable  that  the  principal  motive  which 

the  annual  orbit.    This  reason,  even  if  induced  many  well-informed  men  in  the 

true,  would  not  be  conclusive ;  as  we  are  sixteenth  century  to  nrge  a  reformation 

in  absolute  ignorance  of  the  real  mag<-  of  the  calendar,  was  a  desire  to  fix  in  a 

nitudes  of  the  fixed  stars ;  nor  can  we  more  correct  way  the  day  on  whfeh  the 

take  upon  us  to  affirm  that  they  may  festival  of  Easter  ought  to  be  celebrated, 

not  extend  even  beyond  the  limits  here  This  celebration  having  been  connected 

mentioned:  but  the  fact  is*  that*  seoi  in  with  ^^equeiBOS  by  a  deciee  ef  the 
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council  of  Nice,  it  became  of  impor-  all  the  accuracy  of  which  it  is  susceptible, 
tance  to  the  Church,  to  fix  definitively  it  would  be  necessaiy,  at  the  end  of  400O 
the  place  of  the  equinox  in  the  calendar,  years,  to  render  the  secular  ^earcommozi 
A  proof  that  religious  and  not  civil  con-  instead  of  bissextile :  that  is  to  say,  in 
siderations  led  to  the  reform  may  be  this  interval  to  intercalate  only  969 
found  in  the  extent  of  the  changes  instead  of  970  times*, 
efiiected.  It  may  be  said  that  a  certain  It  is  a  singular  fact,  that  the  Persians 
degree  of  inconvenience  would  result -to  have  been  for  several  centuries  in  pos- 
the  public,  from  having  a  moveable  session  of  a  calendar  constructed  on 
instead  of  a  fixed  year ;  and  though,  in  much  more  scientific  principles,  than 
the  Julian  system,  the  anticipation  of  Europe,  with  her  superior  knowledge,  can 
the  seasons  is  so  slow  that  the  inconveni-  boast  of.  It  has  been  stated  by  La  Place, 
ence  must  be  nearly  inappreciable ;  yet  Montucla,  and  Bailly,  that  the  Persian 
there  could  have  been  no  objection  to  intercalation  consisted  in  inserting  eight 
fixing  permanently  the  different  seasons,  days  in  thirty-three  years.  This,  if  true, 
as  it  might  have  been  effected  without  would  at  once  be  a  much  more  accurate 
difficulty  by  adopting  a  different  inter-  and  simple  method  than  the  Gregorian ; 
calation  for  the  future.  But  on  the  but  the  fact  is,  that  the  Persians  corn- 
other  hand,  the  time  at  which  the  year  bine  two  periods,  each  of  considerable 
shall  be  made  to  begin  is  entirely  arbi-  accuracy,  the  one  erring  a  little  in  ex- 
trary,  and  in  practice  a  matter  of  perfect  cess,  the  other  in  defectt.  The  first 
indifference.  In  the  age  of  Csesar,  the  period  is  one  of  twenty-nine  years,  in 
year  began  a  few  days  after  the  winter  which  they  intercalate  seven  days :  this 
solstice,  and  the  vernal  equinox  fell  on  is  followed  by  four  successive  periods  of 
the  2 1st  of  March.  In  the  age  of  Pope  thirty-three  years,  in  each  of  which  they 
Gregory  XIII.,  this  equinox  fell  on  the  intercalate  eight  times:  forming  a  whole 
lOth :  here  it  might  have  been  fixed  for  period  of  1 6 1  years,  which  includes  thirty- 
the  future  without  any  inconvenience ;  nine  intercalary  days.  To  show  the  ex- 
but  the  Pope  and  his  astronomers  took  treme  accuracy  of  this  method,  it  is  only 
the  very  unnecessary  step  of  suppressing  necessary  to  remark,  that  it  supposes 
altogether  eleven  days  in  the  year  1582,  the  length  of  the  year  to  be  365*^  5^  48*° 
in  order  to  bring  the  equinox  to  the  2Ist.  49*  1875,  the  resd  length  being  365"^  3^ 
This  uncalled  for  measure  had  the  incon-  48*"  49*.7,  the  difference  is  less  than  a 
venience  of  introducing  into  Europe  two  second ;  while  in  the  Gregorian  calendar 
styles,  or  modes  of  reckoning  dates,  as  it  amounts  to  more  than  twenty- one 
the  new  calendar  was  for  a  long  time  seconds.  The  first  year  of  the  Persian 
rejected  by  the  Protestant  states  of  sera  began  with  the  vernal  equinox 
Europe,  and  to  this  day  has  not  been  (a.d.  1070);  the  astronomers  of  that 
received  in  the  empire  of  Russia.  In  country  have  very  wisely  avoided  sub- 
the  north  of  Grermany  it  was  not  ad-  jecting  themselves  to  the  unnecessary 
mitted  till  the  year  1699,  nor  in  England  and  embarrassing  condition,  that  the 
till  1751 ;  169  years  after  its  publication  equinox  should  always  coincide  with  the 
<by  Gregory  at  Rome.  first  day  of  the  year.  However  in  their 
The  equinox  being  once  brought  to  the  system  it  never  can  be  far  from  it. 
!21  st  of  March,  the  object  of  those  who  ef-  while  in  the  Gregorian,  the  real  equinox 
i'ected  the  reform  was  to  keep  it  as  nearly  which  ought  to  fall  on  the  2 1  st  of  March 
ms  possible  to  that  day  by  a  proper  system  may  sometimes  fall  on  the  1 9th.    There 

of  intercalation,  and  to  effect  this  the  

Julian  calendar  was    modified,  in  the       •  ,„  ^rder  to  judge  of  the  accuracy  of  the 

lOllowmg  manner.  It  was  arranged  that,  Gregorian  intercalation,  we  must  recollect  that 

for  the  future,  in  the  year  concluding  i»i%»f?e^o^v?ig\t 'd^ctS  JS^iilo^^^^^^^^ 

every     century,     which     ought    m    the  fraction!,  we  get,  aucceaslrely- 

Julian  system  to  be  bissextile,  the  inter-      i    Z    i      *.    ^iZ.\     f^^     ^—^ 
calary  day  should  be  suppressed;  but     4'  29'   33'    lei'    m94a    K3ibJ'    V&isy* 

that  this   should    only  be  done  for  each  '^^  Gregorian  calendar  intercalates  97  days  In 

three  successive  centuries,  and  not  in  '^^  y**" ''  '^  '"'^"^^  ih  »^°*^«  °«*  •pp?' 

the  fourth.    Thus  the  years  1700,  1800,  S?n7ati?n"  i.T«r2rcu,Se' aaTt-Xh^b^e  ?*lt 

1900,    are   not    bissextile,  but  the  year  aupposes  the  length  of  the  year  eqnal  to  365d.  24:25. 

2000  is  so:   again,  in  2100,  2200,2300.  f*"  ^  «"»*  by  0.0002686.  that  U.  rather  more  than 

,,       .    .  ,     6    j»   *** -'^v,  ««vv,  «wvv,  twenty-one  seconds:  this  excess  in  4000    yean 

tne  mtercalary  day    is   suppressed,  but  would  amount  to  litUe  more  than  a  day. 

re-established  in  2400«    La  Place  has       '''  '^^^  ^'**  ^"^  ^^^^  known  in  a  note  from 

«m«rked.  that  to  give  Uu« inteicalaUoa  K^Jluml"' '""*'*  ""  '^°  *"'"'•  ""■ 
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can  then  be  little  doubt  that  the  Persian    gether  fanciful,  and  indeed  incompatible 
system  is  the  most  elegant  and  scientific    with  the  very  laws  discovered  subse- 
of  any  that  has  hitherto  been  used :  the    (juently  by  Kepler  himself,  but  they  are 
principal  objection  to  it  is  that  the  inter-    interesting,  as    these  speculations,  ap« 
calations  cannot  follow  a  law  so  simple    parently  so  chimerical,  led  to  one  of  the 
as  those  in  the  Gregorian  Calendar;  on    most  brilliant  discoveries  ever  made  in 
the  other  hand  it  surpasses  this  latter  in    astronomical  science.    It  does  credit  to 
accuracy ;  as  it  does  that  adopted  during    the  sagacity  of  Tycho,  himself  eminently 
the  revolution  m  Prance,  by  being  freed    a  practical  man,  and  little  disposed  to 
from    the  extreme  complication,  con-    admire  such  subtleties,  that  he  seems  to 
sequent  on  making  the  beginning  of  the    have  perceived  at  bnce  all  the  force  of 
year  invariably  coincide  with  the  equi-    the  genius  thus  misdirected ;  and  did 
nox*  not  rest  till  he  succeeded  in  fixing  the 

When  Tycho  Brah6  retired  in  disgust  young  author  near  his  own  person, 
from  his  native  country  to  Bohemia,  a  Inde^  the  protection  he  extended  to 
fortunate  chance  caused  him  to  fall  in  Kepler  is  the  more  remarkable,  as  the 
with  a  youn^  man  of  a  genius  the  most  latter  had  been  from  his  youth  an  ardent 
opposite  to  his  own,  but  also  perhaps,  on  partisan  of  the  Copemican  theory,  which 
that  very  account,  the  best  qualified  to  Tycho  pertinaciously,  though  vaiidy, 
deduce  novel  and  important  ;truths  endeavoured  to  supplant.  His  obstinacy 
from  the  observations  he  had  been  so  on  this  point  was  carried  so  far,  that  he 
long  accumulating.  Keplert,  at  a  veiy  is  said  to  have  requested  of  Kepler  on 
early  age,  had  distinguished  himself  by  his  death  bed,  whatever  might  be  his 
a  work  on  the  distances  of  the  planets  real  sentiments,  to  adopt  in  his  published 
from  the  sun,  full,  it  must  be  confessed*  works  the  Tychonian  system  of  the 
of  fanciful  and  erroneous  views,  but  still,  world.  It  was  not  to  be  expected  that 
in  the  opinion  of  Tycho,  bearing  the  such  an  injunction  should  be  complied 
stamp  of  genius.  The  objects  of  this  with ;  and  the  person  to  whom  the  dying 
singular  treatise,  called  the  Mysterium  astronomer  addressed  this  extraordinaiy 
Cosmographicum,  was  to  point  out  a  request,  was  of  all  men  least  likely  to 
supposed  relation  between  the  magni-  sacrifice  truth  and  reason  at  the  shrine 
tudes  of  the  orbits  of  the  five  principal    of  authority. 

planets,  and  the  five  regular  solids  of  It  had  been  universally  admitted,  from 
geometry.  His  theory  with  regard  to  Aristotle  down  tp  Copernicus  and  Tycho, 
these  was  the  following : — "  Round  the  that  the  orbits  of  the  planets  were  cir- 
orbit  of  the  earth  circumscribe  a  dode-  cular,  or  rather  formed  by  a  combina- 
cahedron, — the  circle  comprising  it  will  tion  of  circles,  and  a  variety  of  weak 
be  that  of  Mars.  Round  Mars  circum*  and  vague  reasons  were  adduced  to  ao- 
scribe  a  tetrahedron,  the  circle  compris-  count  for  the  supposed  fact.  How- 
ing  it  will  be  that  of  Jupiter.  Round  ever,  the  hypothesis  was  natural,  and 
Jupiter  circumscribe  a  cube— the  circle  its  deviations  from  the  truth  were  not 
comprisingit  will  be  that  of  Saturn:  now  much  greater  than  the  errors  of  the 
withm  the  earth  inscribe  an  icosahedron,  ancient  observations :  its  inadequacy 
—the  inscribed  circle  will  be  that  of  could  not  be  detected,  till  a  mass  of 
Venus :  in  Venus  inscribe  an  octahedron  more  accurate  observations  had  been 
— ^the  circle  inscril)ed  in  it  will  be  that  of  collected,  and  then  submitted  to  discus- 
Mercuryl.'*  It  is  scarcely  necessary  to  sion  by  a  philosopher  of  quick  concep- 
observe  that  these  proportions  are  alto-  tion  and  unfettered  judgment.  Iliese 
«  The  twof^actioD.^«>dj^.r.  T«r,»e«r.p.  ^^^'^ons  Were  eminently  satisfied  in 
prosimate  Taiae.  of  the  pLt  of  a  day.  by  which  the    Kepler,  and  the  observations  of  Tycho 

year  exceeds  365.    The  former  of  these  U  a  HtUe  SUppliea  tlim    With   the    mOSt    valuable 

too  nnaU,  the  latter  rather  too  large)  if  then  we  data.  Itwas  then  found  that  thpnUnpfs 

make  these  two  periods  alternate,  the  errors  being  .„ '  r«"  Jk«  nTT        •         1  f  P**°®^': 

in  contrary  directions  wlU,  to  a  cerUin  point,  com-  ■UPPOSCd  by  OopemiCUS  tO  revolvC  round 

pensate  each  other  j  however,  as  ^  lies  nearer  to  the   SUn    in  circlcs,  mOVe  in  ellipses,  of 

the  real  Talae  of  the  year  than  J^,  the  former  which  that  body  occupies  one  of  the  foci  " 

period  most  occur  oftenerthan  the  latter  to  make  and  their  motiou    is  SUCh.   that  straicrht 

the  compensation  exact.    We  hare  seen  in  the  i:-,-»_    u^;„„   j^,«^   #w*«,    4U      J""*"©!"* 

text,  that  one  of  the  periods  ;  ,  was  followed  by  "'*®'  .  °^^^   ^rawn   from    the  foCUS    m 

^^     -  .      ^.  7  4x8      89  *    question  to  any  two  points  of  the  orbit, 

four  of  ^  making  on  the  whole  ^^^^  =  —    the  area  thus  intercepted  is  proportional 
See  the  note  to  page  48.  to  the  time  employed  by  the  planet  in 

dJd^^f  irfiSi"''''""^'^"""'    P"«»g  f«>«>»  one  of  theie  point,  to  thS 
t  Mytt.  Cojmograph.  p.  10.  Frankfort,  1621.  ^^^      To  these  'tWO  most   impottant 
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theorems  a  third  wai  subsequently  ad-  of  the  mean  radim  of  the  acliptic, 
ded,  that  the  squares  of  the  times  of  re-  one  of  the  heavenly  bodies,  whose  mo- 
volution  of  two  planets  are  to  each  other  tion  and  distances  were  (post  difficult 
as  the  cubes  of  the  grester  axes  of  their  of  conciliation.    Tycho  had  already  re- 
respeptive  ellipses.    These  are  the  three  mariied  that  the  annual  orbit  of  Coper- 
laws  which  have  immortalized  the  name  nicus,  or  the  epicycle  of  Ptolexnv,  was 
of  Kepler,  and  effected  a  revolution  in  not  always  of  the  same  magnitude  with 
astronomy.    Beautiful  and  important  as  regard  to  the  excentnc ;  but  that  it  pro- 
they  are  in  themselves,  it  is  impossible  duced  a  sensible  alteration  in  the  three 
to  appreciate  their  full  value*  without  a  superior  pJanets,  and  that  for  Mars,  the 
knowledge  of  the  sublime  theory  found*  difference  amounted  to  l^  4$'.     This, 
ed  on  them  by  Newton  ;  nor  can  we  ap<  however,  is  exa^geirated,  as  the  diffe- 
preciate,  as  we  ought,  the  genius  of  the;r  rence  in  question  does  not  exceed  3b' : 
inventor,   if  we   forget  the   immense  but  the  statement  of  Tyohoi  combined 
strength  of  the  prejudices  that  be  dared  with  other  observations,  led  Kepler  to 
to  break  through.    Perhaps  his  contem<>  the  first  step  in  the  progress  of  nis  dis- 
poraries  alone  could  properly  estimate,  ooveries.    We  have  seen  that  Ptolemj 
the  courage  required  to  discaird  the  cir«  had  been  induced  tp  bisect  the  expentn- 
cular  motions,  which  even  that  great  re-  city  of  the  orbits  of  the  planets,  bj 
former,  CopemieuSi  considered  solely  ad*  placing  the  centre  of  equal  motional 
missible  in  tlie  heavens  i  and  to  intro-  far  from  the  qentre  of  equal  distances 
duce  squares  and  cubes  into  the  propor.  in  one  direction,  as  the  ^arth  was  from 
tions  of  revolution  and  distance;  but  it  in  that  opposite,  Kepler,  who,  follow- 
they  could  not  foresee  the  results  to  ing  Copernicus,  considered  the  earth  it- 
which  these  discoveries  have  led ;  and  it  self  as  a  planet,  was  led  to  extend  this 
may  safely  be  affirmed  that  it  is  only  system  to  the  terrestrial  orbit,  and  by 
since  the  publication  of  the  Principia,  tnis  he  was  enabled  to  represent  better 
that  they  have  met  with  their  deserved  than  had  hitherto  been  done,  what  may 
tribute  of  admiration.    It  is  remarkable  be  called  the  optieal  part  of  these  ineaua- 
enough,  that,  whether  from  this  cause,  or  Uties :  that  is  to  say,  the  part  depending 
from  the  fanciful  speculations  with  which  on  the  motion  being  seen  from  a  point 
truth   in   Keplers  works  is  so   often  not  coincident  with  the  centre  or  the 
accompanied  .and  obscured,  his  dis-  circular  orbit* 
tinguished  contemporary  Galileo  does       The  next  step  was  to  lapresent  the 
not  seem  to  have  perodved  the  import-  real  inequality  of  the  planet's  motion 
ance  of  the  three  &mous  laws  ;  though  more  accurately  than  had  hitherto  been 
his  own  knowledge  qualified  him  better  done  by  epicycles  and  excentrics,  Kepler 
than  any  one  to  appreciate  them  justlyt  began  by  supposing  the  times  occupied 
and  they  would  have  furnished  him  with  by  the  earth  in  equal  parts  of  the  ex- 
some  strong  arguments  in  favour  of  the  centric  to  be  to  each  other  in  the  pro* 
Copemican  system.  portion  of  the  distances  of  those  parts  ; 
The  way  in  which  Kepler  was  led  to  and  hence  that  the  periodic  time  was  to 
these  great  discoveries  is  one  of  the  most  the  sum  of  these  distances  as  any  given 
interesting  objects  of  study  in  the  whole  time  to  the  sum  of  the  distances  to  the 
range  of  physical  science.     Supposing  corresponding  arc*.    This  principle  is 
the  planetary  orbits  circular,  it  is  gene^  only  approximately  true,  and  the  calcu- 
rally  possible,  by  a  proper  combination  lation  of  the  sum  of  the  distances  was  in. 
of  epicycles,  to  represent  the  various  inf>  volved  in  much  difficulty.    While  m^- 
equalities  of  their  motions ;  but  it  is  ex-  fating  on  the  l>est  method  of  surmount- 
tremely  difficult,  in  this  hypothesis,  to    ing  these,  Kepler  was  led  to  substitute, 
satisfy,  at  once,  the  variations  of  velo-    for  the  sum  of  the  distances,  the  areas 
city  and  those  of  distance.    Thus  we  comprised  between  two  positions  of  th« 
have  seen  that  Ptolemy,  in  representing  radius  vector ;  and  he  thus  airived  at 
the  evection  of  the  moon,  was  led  to  a  the  first  of  his  great  laws,  that  the  ra- 
theory  which  would  give  the  variations    4ius  vector  of  a  planet  describes  areaa 
of.  distance  considerably  greater  than    proportional  to  the  times.    The  reason- 
they  really  are ;  a  fact  which  he  seems  tp    ing  by  which  he  was  led  to  this  subati- 

have  overlooked,  but  which  could  not    

long  escape  the  notice  of  astronomers.       •  »«  Mot,  ateii«  Martii.  p.  iss.  Kepler  wv 

Mara    whose  anDnrent  dijimeter  variea      Udto  ihUbfpotheriifrom  ob««TlDgU»ithel«w 
Jiaars,  wnoie  appareni  mameier  varies      j„  queitlon  might  be  deduced  m  m  cooaequeiice  of 

from  4''  to  18'',  and  whose  extreme  dis-    the  PtoUnftic  theory  when  the  piwct  wuo«w  iu 

taaoea  from  the  earth  are  \  and  %\  parts    <^pos<«  ^  perigee,  v.  op.  cit*  p,  le^ 


HISTOiLY  OS  A9T90N0tfY. 


U 


tutioQ  of  the  $xc$  for  fhe  area«  is  <^ri- 
ou«  enough ;  let  AB  be  the  line  of  the 


aphides,  A  thp  sun  :  9  th?  centra  of  th^ 
excpntric  CD ;  let  the  semipir£?le  CD  be 
divided  into  any  pumber  of  equal  partg 
ftt  G,  H ;...,  join  BG,  BH.,..  Ad,  AH ;.... 
the  areas  of  the  sectors  C^G,  GBH....  will 
be  equal,  and  their  sum  forms  the  area 
of  the  semicircle,  as  the  sum  of  the  arcs 
forms  the  semicirpumfer^nce ;  tjie  total 
area  vrill  then  be  to  the  partia)  pu%a  as 
the  toti^l  arc  to  the  partial  arc.  We  may 
then  substitute  the  areas  for  the  arcs  in 
question,  which  represent  the  degrees  of 
excentric  anomaly.  But,  arguea  Kepler, 
this  sanie  surface,  which  is  the  sum  of 
all  the  equal  radii  BC,  BG,  pH,  is  also 
the  sum  of  the  distances  AC,  AG,  AH, 
and  therefore  the  sum  of  these  may  b^ 
substituted  for  those  of  the  pircular  radii, 
or  thp  areas  proportional  to  thepa. 
Hence,  then,  the  area  CED  is  to  the 
time  of  describing  180^,  as  any  area 
CAH.  to  the  time  of  describing  CH*, 
Kepler  must  have  been  aware  that  the 
reasoning  he  has  followed  was  alto- 
get  her  unsatisfactory,  thpugh  the  the- 
orem at  which  he  arrived  was  accurate, 
with  two  small  exceptions,  which  he 
has  hinaself  reiqarkeci;  the  first,  that 
the  orbit  of  the  .'planet  is  not,  as  here 
supposed,  circular  ;  the  second,  that  the 
plane  of  the  orbit  is  that  in  which  this 
proportionality  of  the  area^  takes  place, 
and  not  the  plane  of  the  ecliptic.  This 
last  source  of  error  wopld,  however,  be 
very  small  in  the  case  of  Mars,  as  the 
inclination  of  the  two  planes  just  men- 
tioned is  only  1**  51'  6'^. 
Kepler  had  already  determined,  with 

•  p«  Mot  aicUA  Maxti9.  p.  IM. 

t  la  the  flgyre  above  gl? efl,  »he  am  C4H  wUJ 
Pleasure  the  time,  or  what  astronomers  call  the 
meananonalf)  the  area  OBH  wlU  meaMire  the 
excenirle  anomaly;  and  the  area  BHA  wiU  repra- 
seat  the  SMiM  Of  the /ormcr  ab«9»  the  ktttr. 


•ylBcieQt  aoc^racy,  the  maan  dUtanoe* 
the  excentricity,  and  the  longitude  of  the 
apogee  of  Mars ;  on  calculating,  then, 
from  these  data,  and  from  the  law  of  thJQ 
areas  which  he  had  found  for  the  earth* 
the  place  of  the  planet,  he  was  surprised 
tp  find  it  differ  from  the  i)lace  given  by 
observation  by  about  eight  minuteg. 
The  accuracy  of  the  observfttiop9  of 
Tycho  with  which  this  CQipparison  waa 
made  was  9uch  as  to  leave  no.  doubt  that 
the  error  lay  on  the  side  of  the  theory, 
and  Kepler  seems  now  to  have  suspect- 
ed, for  the  first  time,  that  the  orbit  waa 
not  circular*.  This  supposition  wftV 
90Qn  verified,  for  on  calcmatinff  threo 
places,  one  about  the  aphelion,  the  others 
near  the  mean  dist^npes,  they  were  au 
loundtpo  great;  the  first  by  3^0,  tb9 
two  latter  by  783  and  789  partst.  It 
was  evident  then,  that  the  orbit  waa 
qot  circular  but  oval ;  and  the  author 
expressly  remarks,  that  whep  he  uses 
th§  term  oval,  he  does  not  n^ean  ellipti- 
cal ii)  the  proper  sense  of  the  word,  but 
lesembling  an  egg  \x\  form,  by  having  n 
greater  curvature  at  ope  end  pf  the  axis 
lyiajor  than  the  other.  This,  ipdped,  th^ 
ob^rvatipns  seepaed  to  indicate ;  tl^  di- 
ipiputiop  of  the  ipean  distances  proved 
the  curve  tp  be  flattened  in  the  middle,  ^ 
i^d  that  of  the  aphelion  distance  seemed 
to  indicate  a  similar  flattening,  though 
in  a  less  degree,  towards  the  point{. 

Tb?  extreme  candour  with  which 
Kepler  details  tha  steps  by  which  he 
was  led  to  his  discoveries,  aujd  thq 
errors  into  which'  he  fell  before  f^r- 
riving  at  the  truth,  render  his  wprk 
op  the  ipotions  of  M^rs  enaineptly  in- 
teresting and  instructive.  It  were  tp  be 
wished  that,  in  this  respect,  his  exaipplQ 
had  been  followed  by  ^opse  of  the  great 
philosophers  who  succeeded  hip)*  He 
copfesses  that  for  a  long  tipae  he  re- 
mained in  the  ppnvictiop  that  the  orbit 
of  Ijlars  was  really  oval,  and  pot  ellip- 
tical ;  and  he  has  detailed  varioujs  at- 
tempts to  deduce  its  positions  in  this 
hypothesis.  But  the  calculations  iq- 
Yolved  considerable  difficulties,  aP4 
though  for  som^  time  Kepler  fiatteii^ 


t  The  f^Jipaa  oT  ¥ar«  heiof  ipiich  mfin  afopn- 
trif  than  that  of  ttie  earth,  the  error  c^  the  circu- 
lar orbit,  which  waa  Inappreciable  In  the  latter,  b«- 
caxae  aeoaihle  lo  the  former. 

t  The  meau  ndiua  of  the  prbit  bejM  ^OOOOQ. 
V.  Op.  Clt.  p.  213.  ^ 

%  The  notion  of  an  oval  vaa  not  altogathar 
■aw }  it  bad  been  thrown  oat  by  Furbach  in  tha 
case  of  Mercttry»  whoae  path  he  conairlered  toj  > 
oral,  and  more  iattened  at  the  apogee  than  4ha 
perigee.  V.  Furbach,  Thaorlc.  nor,  de  UcffvitUk 
CoroUffWt, 
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himself  that  he  had  succeeded  in  repre- 
senting pretty  accurately  the  motions 
of  Mars,  he  was  not  long  in  finding  that 
his  attempts  had  in  reality  completely 
failed.  The  terms  in  which  he  an- 
nounces this  discovery  are  a  curious 
sample  of  his  very  peculiar  and  amusing 
style.  *•  While  in  this  way  I  triumph 
oyer  the  motions  of  Mars,  and  form  for 
him,  as  one  completely  conquered,  the 
prison  of  tables,  and  the  chains  of  the 
equations  of  the  excentric,  intelligence 
is  brought  me  from  different  places  that 
the  victory  is  all  vain,  and  the  war  as 
fierce  as  ever.  For  the  captive  enemy 
has  broken  through  all  the  bonds  of  the 
equations,  and  tne  dungeons  of  the 
tables ....  And  the  fugitive  would  have 
effected  his  junction  with  the  rebels,  and 
driven  me  to  despair,  had  I  not  suddenly 
brought  up  a  new  reserve  of  physical 
considerations,  the  first  having  been 
beaten  and  scattered*.**  These  new  phy- 
sical considerations  consisted  inattnbut- 
ing  to  the  planet  a  libration  in  the  dia- 
meter of  its  epicycle;  a  supposition 
which,  in  reality,  coincided  with  that  of 
an  elliptic  orbit,  though  at  first  he  did 
not  perceive  the  identity  of  the  two  hy- 
potheses. Indeed  he  himself  compares 
Nature  to  the  Galatea  of  Virjf  il,  who,  the 
nearer  she  is  approached,  is  the  more 
petulant  in  her  sportive  attempts  to 
escape ;  and  while  she  invites  the  phi- 
losopher to  seize  her,  seems  to  enjoy  his 
errors  and  fruitless  effortsf.  But  at  last 
perceiving  clearly  the  real  nature  of  the 
curve  described,  he  announced,  for- 
mally, that  it  was  an  ellipse.  Thus  was 
finally  overthrown  the  prejudice  regard- 
ing circular  motions,  which  had  hitherto 
retarded  the  progress  of  astronomy,  and 
the  way  opened  to  the  great  physical  dis- 
coveries of  Newton,  and  his  successors. 
It  is  worth  while  to  remark  that  Kep- 
ler was,  in  a  great  measure,  led  to  the 
discovery  of  the  ellipse  by  his  perse- 
verance in  attempting  to  represent  as 
well  the  variations  of  distance  as  those 
of  longitude  and  latitude ;  the  former 
of  which  had  been  much  neglected  by 
Ptolemy,  and  subsequent  astronomers. 
The  discovery  was  ultimately  and  imme- 
diatdy  due  to  a  singular  accident  The 
error  of  his  calculated  distance  at  the 
mean  point  of  the  orbit  was  .00429,  the 
radius  being  equal  to  unity.  Happening 
to  consider  the  greatest  optical  inequar 


•  De  Mot  StellR  Marttfl,p.  846. 

t  V.  de  Stcll.  Hart,  p.  28». 

Halo  me  Galatea  petit,  laaclTa  pncUa, 
Bt  fogit  «d  laUcct,  et  w  cupU  ante  rideri.— 

YliV.  fidoff. 


lity  of  Mars,  which  was  5^  18',  he  found 
.00429  to  be  exactly  the  excess  of  the 
secant  of  this  angle  above  the  radius^. 


In  the  figure  let  A  a  be  the  line  of  the 
apsides,  C  the  centre  of  the  excentric, 
S  the  place  of  the  sun,  C£  perpendicular 
to  A  a,  the  angle  CES  will  be  the  greatest 
optical  inequality.  The  excess  of  the 
calculated  over  the  real  distance  was 
that  of  S£  over  C£,  or  of  the  secant 
of  CES  over  the  radius.  This  single 
accidental  remark  induced  Kepler  to 
substitute  every  where  for  any  cQstance 
SF,  FV  found  by  drawing  SV  perpendi- 
cular on  FC  produced,  smce  clearly  the 
excess  of  SF  above  FV,  wUl  be  that  of 
the  secant  of  optical  equation  above  the 
radius.  The  next  point  was  to  know  in 
what  direction  from  S  the  Hne  equal  to 
FV  should  be  drawn ;  and,  finally,  after 
many  trials,  he  found  that  it  should  be 
taken  so  as  to  meet  FM  perpendicular 
to  A  a,  as  at  Q,  and  he  had  the  gratifi- 
cation to  find  that  the  curve  traced  by 
the  several  points  Q  was  an  ellipse. 

The  third  great  law  of  Kepler,  that 
the  squares  of  the  periodic  times  are  as 
the  cubes  of  the  mean  distances,  was 
first  enounced  by  him  in  the  Epitome 
of  the  Copemican  Astronomy  f.  In  the 
20th  chapter  of  the  Mysterium  Cos- 
mo^phicum,  he  had  attempted  to  in* 
vestigate,  from  physical  considerations, 
the  proportion  that  existed  between  the 
distances  and  the  periodic  times;  for 
of  the  existence  of  some  law  he  made 
no  doubt;  and  he  quotes  Aristotle  in 
support  of  his  opinion  {.  The  idea  of  the 
latter  on  this  point  was,  that  an  equa- 
lity of  motion  resided  in  the  moving 
bodies  themselves,  the  inequality  of 
their  returns  to  the  same  place  depended 
on  the  orbits :  thus,  that  the  velocity  of 
Saturn  in  its  orbit  was  the  same  as  that 

•p.  1C7.  tUb.iT.c4. 

t  J>9  Cctlo,  lib,  U,  c.  10. 
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of  the  moon,  but  the  orbit  beine^  so  It  ha.s  been  a  matter  of  just  aur- 
much  larger,  it  was  much  longer  in  re-  prise,  that  a  man  of  such  acute  con- 
turning  to  the  same  point  of  the  hea-  ceptions  should  have  suffered  the  ana- 
vens.  Kepler,  perceiving  the  inaccuracy  logy  between  the  planetary  and  come- 
of  this  pnncipfe,  began  to  investigate  tary  orbits  to  escape  him :  and  even 
the  subject  in  a  different  manner.  He  opposed  the  system  of  Tycho,  who 
supposed  the  sun  to  be  a  centre  of  had  supposed  the  latter  to  move  nearly 
attractive  force,  which  diminished  as    in  a  circle  round  the  earth.    Kepler, 

the  distance  from  that  body  increased :  misled  by  false  ideas  with  regard  to  the 

again,  the  magnitude  of  the  orbit  in-  physical  constitution  of   these   bodies, 

creased  as  the  distance :  from  these  two  which  he  considered    to   be  of   very 

causes  combined,  he  concluded,  that  transitory  nature  and  short  duration, 

the  periodic  time  varied  inversely  as  the  attempted  to  calculate  their  orbits  on 

square  of.  the   distances.    But  in  the  the  supposition  of  their  being  rectilinear; 

Epitome  he  modified  his  theory,  by  in-  and  in  favour  of  this  last  assertion,  he 

troducing  the  consideration  of  the  mass  urged  a  reason  which  turned  out  to  be 

and  of  the  volume  of  the  planet.  His  rea-  singularljr    inapplicable, — namely,  that 

soningonthisheadis  very  curious,  "There  these  bodies  never  returned:  it  so  hap- 

are  four  causes  on  which  the  length  of  pened,  that  the  very  comet  whose  orbit 

the    periodic  time    depends : — 1,    the  he  was  considering,  was  the  famous 

length  of  the  path  descril)ed ;  2.  the  comet  of  Halley,  which  is  well  knovm 

mass  of  the  body  to  be  transported ;  to  have  visited  the  earth  repeatedly. 

3.  the  strength  of  the  moving  force ;        An  extraordinary  phenomenon,  which 

4.  the  volume  under  a  given  mass  of  the  had  occurred  in  the  time  of  Tj^cho 
body  to  be  moved.'*  According  to  Brah^,  was  renewed  in  that  of  Kepler. 
Kepler  there  is  an  exact  compensation  In  the  year  1604  there  appeared  sud- 
between  these  two  last  causes,  so  that  denly  in  the  constellation  of  Serpentar 
the  orbit  in  reality  only  depends  upon  rius,  a  star  of  the  first  magnitude,  which, 
the  two  first.  Now,  he  conceived  tnat  after  having  lasted  upwiuxls  of  a  year, 
he  had  estabhshed  a  law  showing  that  disappeared,  and  has  never  been  since 
the  masses  of  the  planets  varied  as  the  seen.  "When  brightest,  it  surpassed  the 
square  roots  of  the  distances :  and  the  fixed  stars  of  i&  first  magnitude,  and 
circular  paths  of  the  planets  were  oer-  was  even  compared  bv  some  to  Venus : 
tainly  in  the  simple  proportion  of  these  the  intensity  of  its  light  diminished  gra- 
distances;  compounding,  then,  these  dually  to  its  extinction;  the  colour, 
two  ratios,  he  found  the  squares  of  the  which  was  at  first  yellow,  became  gra- 
periodic  times  to  vaiy  as  the  cubes  of  dually  purple,  and  then  red :  in  all 
the  distances.  these  respects,  and  particularly  in  having 

Jt  is  equallv  extraordinary  and  dis-  no  sensible  parallax,  as  well  as  in  its 
couraging  to  know  that  reasoning  so  sudden  apparition  and  slow  extinction, 
vague,  founded  on  arbitrary  and  erro-  it  presented  a  great  analogy  with  the 
neous  assumptions,  should  have  led  to  star  of  the  year  1572.  Of  the  causes  of 
one  of  the  most  brilliant  discoveries  on  such  extraordinary  phenomena  we  re- 
record.  This  success  may  well  inspire  main  in  profound  ignorance,  nor  is  it 
with  dismay  those  who  are  accustomed  easy  to  decide  upon  the  relative  proba- 
to  consider  experiment  and  rigorous  in-  bility  of  different  suppositions :  the  idea 
ductionas  the  only  means  to  interrogate  of  Kepler  was,  that  they  proceeded  from 
nature  with  success.  But  it  is  to  be  a  vast  combustion,  and  this  appears  to 
remarked,  that  Kepler  united  to  a  very  derive  some  corroboration  from  the*va 
lively  and  ardent  imagination  considei^  riations  in  the  colour, 
able  mathematical  knowledge,  and  great        We  cannot  quit  Kepler  without  no- 

Eerseverance  in  calculation ;    that  his  ticing  his  labours  to  improve  the  Theory 

ypotheses,  though  founded    on    the  of  Astronomical  Refractions.    We  have 

most  arbitrary  assumptions,  were  always  seen  the  mistake  of  Tycho  Brahe  upon 

rigorously  compared  with  observation,  this  subject,  who,  with  a  right  notion  as 

and    rejected  without  hesitation  when  to  the  physical  causes  of  the  pheno- 

found  to  contradict  it.    His  genius,  at  menon,  imagined  that  refraction  did  not 

once  fertile  and  persevering,  led  him  exist  beyond  45^  of  altitude.    Kepler 

ultimately,  with  great  labour  and  after  clearly  saw  that  it  must  reach  to  the 

many  unsuccessful    trials,  to  brilliant  zenith  ;  and  he  attempted  to  determine, 

results  :  but  the  route  which  he  fol-  from  experiment,  the  law  of  its  diminu- 

iowed  is  not  likely  to  be  again  attempted  tion  from  the  horizon  upwards.  The  lavr 
by  his  successors. 


H  HIBMRV  0*  ASTttONOMV. 

lit  whi<!h  h^  knifed  gaVe  hiili  remits  Up-  Dutch  ttisthiments  before  editilitietiiig 

protimating  Tery  nearlv  to  the  trutn«  any  of  his  own,  but  this  aisertion  is  not 

6t6ept  tot  lovr    altitudes'*'.     Otl   the  sufficiently  established ;  and  there  fteem^ 

cailses  of  ref^acition   he  reasons  very  tio  good  reason  to  doubt  the  account 

justly :  and  his  treatise  on  this  subject  ^veti  by  the  philosopher  himself,  who 

contains  a  number  of  curious  and  im-  fells  us,  that  having  heard  of  the  eiFecf s 

(lortant  remarks,  of    which    we  shall  of  the  telescopes  made  in  Holland,  but 

only  quote  here  the   observation   that  ktiowin?  hothlng  of  their  construction, 

the  air  is  a  substance  possessing  weightt ;  he  was  Ted  to  meditate  upon  the  combi- 

that  the  refractions  will  vary  with  the  nation  of  glasses  required,  and  thus  in 

temperatures,  and  that  during  a  lunar  realitv  re-invented  in  Italy,  and  unques- 

eclipse,  the  moon*s  surface  Is  still  illu-  lionably  in  a  more  perfect  form,  the 

miiiated  bv  a  certain  portion  of  ravs  instrument  to  which  some  Dutch  spec- 

tvfhicted   by^  the    atmosphere  of   the  iacle-makers  had  been  led  bv  accidfent. 

^artht*  There  can  1)6  no  doubt  that  the  instru- 

ments  of  Galileo  were  very  much  su- 

OHAPtift  Xl»  perior  to  those  made  iti  the  north :  and 

OaUleo-^Copemican  System.  uideedthere  is  some  reason  for  believing 

The  discoveriee  of  the  celebrated  Ga-  t^*^  J^®/.£!^  constructed  on  principles 

liieo  4  were  nearly  contemporaneous  witk  JJ^idely  diflferetit :  it  would  appear  that 

thosi  of  KepleJj  thoUgh   perhaps  of  be  latter  Were  composed  of  two  convex 

leas  real   importance,  they  were  of  a  ^Jtises  distant  by  the  sum  of  their  fcjeai 

nature  to  be  more  generally  appreciated^  Jetijeths  (a  combination  .»ini[l«^  to  that 

and  contributed  unquestionably  in  an  of  the  moderrt  astrotiotnical  teleScOpe; ; 


c^i^teVof  Gameirit  iVfirrftwolleot    n««;^st  to  the  eye)  pladed  at  a  distan<^ 
that  hii  astronomical  discoveries  form    ^P^  ^^^  <>P;^^  ^^  to  the  diftrened 


place,  we  must  ?efer  the  reader    for  Case  with  the  latter :  some  accounts  re- 

a  complete  account   of  the     laboura  9^^^^^  ^^«  early  Dutch  telescopes  as 

Of    this  eminent   philosopher  to  the  wvertine  the  objects  seen  throtigh  them, 

Life  of  Galileo,  in  the.  series  of  these  !!:^^5^"^^^  ii^*^?^rt  ^rL  *•*?! 

Treatises.    At  an  early  period  of  life  Wished,  would  dewde  he  qtiestitjtt  as  tc 

he  had  commenoed  his  scientific  canNir  the  origmalilv  of  Galileo  s  indention  f.  ^ 

by  some  important  mechanical  inven-  ,^™.^l^  "*^'**'5^V^''^^^i'*/?^!^^ 

tions,  and  held  the  mathematical  chair  [ng  objects  p  aced  near  themjiad  been 

successively  in  two  of  the  most  disUn-  *"^^y  ^^^  ^  l^^V^^^:  ^r^^}^- 

guished  universities  of  Italy-Pisa  and  ^"^^  '»  '^'^  }^X  ^u!^  Tl^fi?  ^'''-^ 

Padua.    It  appean»  that,  while  resident  ]^  *"«  ^,°^?T   .  '  P"V  ui""^^^; 

at  the  latter  plS,  he  heard  of  the  dis-  H  ^^^^^""^  ^^^^^^  ^y.^  ^^"'^i?'i!?''.,?' 

covery  made  in  HoUand  of  an  instru-  lenses  seems  to  have  been  entirely  the 

ment   by  which  distant  objects  were  "»*»1^  of  accident.    It  is  in  vain  that 

apparently  brought  nearer  to  the  eye.  f^.'^^*^!**?.^^  T'^V  *"^^^  *^ 

8o^  enemies  ofGalileo  hate  pretended  ^^^«  ^'^i^'^^ioti  to  BapU^ta  Porta  and 

that  be  had  actually  seen  one  of  the  S°f  !:.^*S^" '  }^^^^  ^JV^f^^. 

'  that  the  first  telescope  ever  made  waa 

constructed  at  Middleburg,  in  HoUand, 


*  *Vh4  law  of  Kepltir  wm 


f  a=  *^'^°*^'^  by  an  optician,  who  having  accidentally 

when  rtaUie  refraction  nndatheienUhdittUicei  regarded    A  distant  objeCt  through  tWO 

had  be  pat  In  ibc  ntitoeraiot,  iifl.  u-fv}  for  (•-f-f'),  lenSes  at  some  distance  from  each  other, 

hawottfdhaTfegot  ^as  Struck  wlth  the  magnifying  efl^ 

r  :*cottaiMrt«i!h^^  =  cottitaat  Uiu  «+f),  produced.     It  is  equally  certain,  that 

whutiu  uieTSiuJ!'  But  the  error  of  hia  for-  Galileo  Immediately  began  to  construct 

lAalawtoonlySr  at  80«  zenith  Olatatice.     V.  De-  telesCopeS  Of  a  quality  much   SUpeHOT* 

'^^iXSi^^'i!^  and.  as  we  have  seen  to  be  very  pro- 

I  Bo»tt  lMPlMilttlM4^  fiedat  ArceliiittTaMSBy  t  Nttneioi  atdarcna^  ^  U,  sdW^ii  of  Itta 

lnl64S.  fT.  LifcofOaUlM,p.». 
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bablc,  with  a  difRsrent  combination  of  a  prior,  of,  at  least,  a  contemporaneout 
lenses.  He  has  always  been  considered  discovery  of  them.  Simon  Mayer,  more 
by  posterity  as  one  inventor  of  the  teie-  usuallv  Called  MaHus,  in  a  work  entitled 
scope ;  anci  there  is  no  ground  to  disturb  the  Mundus  JovialiSt  lays  claim  to  hav- 
his  title  to  that  honour^.  Ing  perceived  them  about  the  same  time 
Such  an  instrument,  in  the  hands  of  as  Galileo :  but,  even  admitting  the 
such  a  man,  was  not  likely  to  remain  statement  there  given,  the  latter  appear^ 
long  useless.  One  of  the  first  objects  to  to  have  the  priority  *. 
which  it  was  directed  was  the  planet  Ptolemy  had  proposed  to  emplov 
Jupiter,  which,  to  the  astonishment  of  lunar  eclipses  for  determining;  the  dif- 
the  observer,  appeared  to  be  accom*  ferences  of  terrestrial  longitude.  The 
panied  by  four  small  planetary  bodies  or  physical  instant  at  which  the  moon  enters 
satellites  revolving  round  him,  as  our  the  earth's  shadow  being  the  same  for 
moon  does  round  the  earth  f.  The  dl  places,  the  difFerence  of  the  times 
Umallness  of  these  bodies  renders  them  counted  bv  each  observer  when  this  phe- 
invisible  to  the  naked  eye ;  but  with  &  nomenon  takes  places,  gives  directly  the 
telescope  of  moderate  power,  they  are  difference  of  longitudes.  But  in  prac- 
very  easily  discernible.  It  is  an  extra-  tice,  this  method  is  subject  to  a  consi- 
Ordmary  proof  of  the  extent  to  which  derable  defect,  arising  from  the  difficulty 
prejudice  may  be  carried,  that  in  a  mat-  of  determining  with  accuracy  the  instant 
ter  which  admitted  of  being  decided  by  a  6t  the  beginning  or  end  of  the  eclipse, 
direct  appeal  to  the  senses,  numbers  of  The  cone  of  shadow  projected  by  the 
men  should  have  been  found  who  per-  earth  is  surrounded  bv  a  penumbra  of 
sisted  in  contesting  the  existence  of  these  very  sensible  magnitude,  which  causes 
secondary  planets,  because  it  contra*  the  satellite  to  lose  a  good  deal  of  light 
dieted  the  received  ideas  with  regard  to  before  and  after  the  real  eclipse,  and 
the  number  of  bodies  in  our  system,  renders  the  phenomenon  more  gradual 
lind  furnished  an  additional  probability  than  is  consistent  with  the  purpose  to 
in  favour  of  the  doctrines  of  Copernicus,  which  Ptolemy  wished  to  apply  it.  The 
Some  declared  that  they  had  examined  Satellites  of  Jupiter  suffer  eclipses  exactly 
Jupiter  carefully  with  the  telescope  with-  analogous  to  those  of  our  moon,  and 
out  noticing  any  such  appearances  as  much  more  frequent,  as  not  only  is  the 
fialileo  described,  and  attributed  his  ob-  number  of  these  secondaries  greater, 
servationsto  an  optica]  illusion.  Others  but  their  revolutions  round  their  primary 
went  so  far  as  to  say  that  the  telescope  touch  more  rapid.  The  synodic  revolu- 
represented  terrestrial  objects  correctly^  tion  of  the  first  satellite  is  only  about 
but  could  not  be  relied  upon  for  the  forty-two  hours ;  and  that  of  the  fouiiha 
heavens;  while  the  climax  of  bigotry  which  is  much  the  slowest,  does  not 
Was  exemplified  in  a  professor  of  Padua,  exceed  seventeen  days.  The  rapid  mo- 
Who  refused  to  look  at  Jupiter  through  tion  of  these  small  bodies,  and  the  fre- 
Galileo*s  instrument^  lest  he  should  be  Ouent  recurrence  of  their  eclipses,  ren- 
Constrained  to  acknowledge  what  he  aer  them  much  more  suited  for  the  de- 
had  predetermined  never  to  admit,  termination  of  the  longitude  than  lunar 
Kepler,  who  had  supposed  the  number  eclipses ;  and  Galileo  did  not  fail  to 
of  the  planets  to  correspond  to  the  re«  point  out  this  application  of  his  disco- 
ffular  solids  of  geometry,  had  the  oandour  very.  In  every  method  for  this  purposci 
to  admit,  without  dispute,  facts  that  It  is  evidently  necessary  that  the  observer 
overturned  his  theory ;  and,  with  a  pli-  should  know  exactly  the  time  of  the 
ancy  of  genius  and  fertility  of  inven-  observation  counted  on  his  own  me- 
tion  very  characteristic  of  nim,  imme-  ridian.  Galileo  first  suggested  the 
diately  formed  a  new  system,  supported  application  of  the  pendulum  to  the  mea- 
bv  reasons  just  as  gooa  as  those  he  had  surement  of  time,  for  the  purpose  just 
alleged  for  his  first.  However,  the  ot)-  mentioned;  but  it  must  be  confessed  that 
servations  of  Galileo  were  so  easily  sus-  his  instruments  were  too  rude  to  be  of 
eeptible  of  verifioation,  that  they  ulti«  any  practical  utility. 
mately  extorted  eonsent  from  the  most  Jupiter  was  not  the  only  planet  which, 
reluctant  |  and  a  contest  of  anothef  on  l)eing  examined  with  the  telescope, 
kind  arose  with  some  who  pretended  to    — — — 

'    '   ' ' '  '■     ^ — ■ •  According  to  Marias, ait  flrtt  obteryaUon  wtt* 

*  For  ad  lattfwtlag  dlwiiMioti  oa  tlio  iovtntlod  made  on  the  8th  of  Janaary,  IS  10,'the  ti  rst  of  OalU 

of  the  ttlMcopc,  ace  Jouinal  of  the  Boyal  InetKhl  leo  on  the  7th.  Be  only  quotes  one  observation  in 

4l0iit  116.  II.  ^  SIS.  Us  wholt  book,  whieh  was  not  published  tlU  two 

t  This  waa  aanoaaeed  in  a  amall  pamphMbf  yean  alter  the  SIdaivp  Naaalaa  of  GalUao.-^Gf« 

OalUao,  called  tht  Maadiia  Sidnreai.  Delamb.  Aitron.  If  oderoe,  toI.  1.  pp,  696, 70S,  703. 
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presented  new  and  unlooked-for  ap-  The  sun  itself,  so  far  from  posseasiiii^ 

pearances.    Saturn  seemed,  to  Galileo,  that  perfection  which  many  were  willttijer 

whose   instrument,  it  must   be  recol-  to  ascribe  to  the  least  of  the  heavenly 

lected,  was  of  a  very  inferior  description  bodies,  was  seen  by  Galileo  to  be  co- 

to  those   constructed  in  more  recent  vered  in  certain  places  with  dark  spots 

times,  to  present  some  very  extraordinary  of  irreg^ar  form  and  variable  mafi^tude. 

and  unaccountable  phenomena.  At  first  They  were  of  short  and  uncertain  dtxra- 

this  planet  seemea  accompanied  by  a  tion,  but  lasted  lon^  enough  to  establish 

satellite  on  each  side ;  but  on  a  more  the  important  fact  that  the  sun  revolved 

narrow  examination,  it  appeared  that  on  an  axis  inclined  to  the  ecliptic,  the 

these  appendages  were  connected  with  period  of  his  rotation  being  nearly  a 

the  body  of  the  planet,  thus  giving  it  an  lunar  month.    This  rotation  of  the  sun 

oblonj^  or  flattened  form,  compared  by  had  been  before  conjectured  by  Kepler, 

the  discoverer  himself  to  that  of  an  from  some  fanciful  ideas  as  to  the  phy- 

olive  *.    But  following  assiduously  the  sical  causes  of  the  planetary  revolutions^ 

appearances  of  the  planet  for  some  years,  and  without  any  attempt  to]  support  the 

he  was  aslonished  to  see  the  appenda^  notion  by  actual  observation.    It  is  to 

mentioned  totally  disappear,  remain  m-  be  remarked,  that  Kepler  had,  without 

visible  for  some  time,  and  then  aeain  being  aware  of  it,  actually  observed  a 

slowly  resume  their  former  shape,  from  spot  on  the  sun*s  disc,  which  he  mistook 

the  imperfection  of  his  telescope,  he  was  for  a  transit  of  Mercury,  and  annoiuiced 

at  a  loss  how  to  explain  these  singular  as  such  to  the  world.    It  is  much  to  his 

phenomena,  the  red  nature  of  which  credit  that,  on  hearing  Galileo's  disoo- 

were  first  ascertained  by  Huyghens.  very,  he  readily  confessed  his  error.     A 

On  contemplating  Venus,  it  was  not  German  Jesuit,  named  Scheiner,  who 

without   much    gratification  that  the  had  observed  these  solar  spots,  advo- 

illustrious  explorer  of  the  heavens  ob-  cated  the  idea  oftheir  being  small  planets 

served  her  to  present  phases  similar  to  revolving  round  the  sun  *.     This  led 

those  of  the  moon ;  thereby  establishing  him  into  a  controversy  with  Galileo,  who 

a  fact  which  was  strongly  corroborative  established  beyond  doubt  that  they  were 

of  the  theory  of  Copernicus,  and  utterly  really  adherent  to  the  sun*8  disc,  and 

subversive  of  the  Aristotelian  notions  participated  in  the  common  motion   of 

on  the  subject,  as  it  proved  that  she  rotation.    It  is  only  within  the  last  few 

shone  merely  by  the  reflection  of  light  years  that  it  has  been  discovered  that 

from  the  sun.    Phases  of  a  similar  kind,  GaUleo  had  been  anticipated  in  his  dis- 

but  less  extent,  were  also  remarked  in  covery  of  the  solar  spots  by  the  ceie- 

Mars.    It  is  scarcely  necessary  to  ob-  brated  English  mathematician  Harriottt. 

serve,  that  the  more  distant  the  planet,  The  observations  of  the  latter  have  never 

the  less  sensible  these  appearances  be-  been  published ;  but  it  appears,  from 

come ;  it  is  not  therefore  surprising  that  what  has  been  made  known,  that  he  first 

they  should  be  inappreciable  for  Jupiter  observed  them  on  the  8th  December* 

and  Saturn.    Before  Copernicus,  it  had  1610,  while  the  discovery  of  Galileo 

been  generally  admitted  that   all   the  dates  from  March,  1611.    It  is  hatdly 

planets  shone  by  light  oftheir  own.  The  necessary  to  observe,  that  the  observa- 

observation  of  the  phases  of  Venus  and  tions  of  Harriott  could  not  have  been 

Mars,  and  that  subsequently  made  by  known  to  Galileo ;  indeed  they  have  re- 

Horrox  of  the  transit  of  Venus  over  the  mained  buried  in  profound  obscurity  up 

8un*s  disc,  were  a  complete  refutation  of  to  the  early  part  of  the  present  century, 

this  groundless  notion..  when  they  were  found  among  the  manu- 

It  seemed  as  if  every  discovery  of  scripts  of  Harriott  bv  a  distinguished 

Galileo  were  destined  to  be  fatal  to  some  foreign  astronomer,  then  on  a  visit  to 

favourite  idea  of  the  Peripatetics,  and  to  this  country.     The  reputation  of  the 

afford  some  new  confirmation  of  the  great  Italian  cannot  be  affiected  by  suc^ 

analogy  existing  between  the  earth  and 

planets.    The  moon's  surface  was  found  •  Not  content  with  haying  thromi  oat  U»li  Idea, 

by  him  to  resemble  in  structure  that  of  ^^»*ch  be  wm  iuhMquently  obliged  to  abandon, 

the  earth  •   to  be  covered  with  ineciiiAli.  S****"*  disputed  wiUi  Galileo  the  di*coTery  of  the 

wie  earin ,  lo  oe  coverea  wim  inequail-  ^i„  .p^j.     some  conlrorersy  euned,  in  which 

ties  similar  to  our  mountains  and  valleys,  Oallleo  had  decidedly  the  adrantage.— see  the  Ufa 

and  even  exceeding  them  in  magnitude,  f  ^•S?*'  ^^'  .*• '  ."J  ^^¥?i-  ^H,"?!"  ^• 

^                        ^  1.  p.  681  {    Sebelner't  Rosa  Unina,  Bracelano, 

ISM-JtO.    GaUleo  da  MacnUe  Solariboa  tree  fiple. 

tolae. 

•  See  a  letter  of  Galileo,  inserted  hy  Keplar  in  t  Edinburgh    Philosophical  Journal, .  roL  ?i; 

^tha  introdaction  to  hia  iMoptrics.  p#817. 
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a  diflcovery;  his  observationi,  if  not  the  adherents  of  Aristotle.  Dreading* 
the  first,  were  probably  the  most  exact,  however,  the  censures  of  the  Church, 
and  certainly  the  most  ably  followed  up.  he  thought  it  necessary  to  use  some 
From  them  he  deduced  the  fact  oC  the  precautions  in  the  publication.  With- 
rotation  of  the  sun.  and  determined  the  out  affirming  anything  in  his  own  per- 
period  in  which  it  was  accomplished  to  son,  he  makes  the  interlocutors  on  each 
be  nearly  a  lunar  month, — ^phenomena  side  adduce  the  best  arguments  they 
of  greater  importance  than  the  mere  could  urge :  it  may  easily  be  conjectured 
knowledge  of  the  existence  of  the  ma-  which  is  victorious,  but  this  Galileo 
culae  on  its  sur&ce.  leaves  to  the  sagacity  of  the  reader  to 
The  name  of  Galileo  is  indissolubly  perceive.  In  his  preface  he  even  pre- 
associated  with  the  Copernican  system  tends  that  he  composed  the  work  for  the 
of  the  world.  The  zeal  and  talent  with  sake  of  satisfying  the  ultramontane  phi- 
which  he  advocated  this  system  were  losophers,  that  the  condemnation  of  Co- 
decisive  of  its  final  triumph,  and  the  pemicus  at  Rome  had  not  its  origin  in 
persecutions  he  underwent  m  this  cause  ignorance,  but  was  pronounced  by  those 
have  endeared  his  memory  to  posterity,  who  had  well  weighed  the  arguments  on 
While  yet  a  very  young  man,  and  a  either  side,  and  were  competent  to  de- 
student  at  the  university  of  Pisa,  he  cide.  But  this  veil  of  irony  was  too 
became  a  convert  to  the  doctrines  of  flimsy  not  to  be  seen  through  at  once ; 
Copernicus,  which  were  then  gaining  nor  could  it  protect  him  from  the  ven- 
ground  among  the  astronomers  of  the  geance  of  the  Inquisition,  which  was 
north.  Of  these  doctrines,  which  his  prompt  and  severe.  He  was  summoned 
own  discoveries  so  beautifully  corro-  to  Rome,  brought  before  the  tribunal  of 
borated,  he  was  through  life  a  most  the  Holy  Office,  condemned  to  impri- 
ardent  and  enlightened  advocate ;  and  sonment  during  pleasure,  and  forced  to 
through  his  influence  and  exertions  they  sign  a  solemn  abjuration  of  the  doctrine 
began  to  spread  rapidly  throughout  of  the  earth's  motion;  a  doctrine  de- 
Italy  and  all  Europe.  The  Peripate-  clared  by  the  inquisitors  to  be  false  in 
tics  now  seriously  took  the  alarm :  while  philosophy  and  heretical  in  religion.  The 
these  opinions  were  confined  to  a  few  imprisonment  was  subsequently  com- 
scientific  men,  they  had  looked  on  with  muted  for  relegation  to  his  villa  at 
indifi^erence ;  but  when  they  became  po-  Arcetri,  where  he  was  compelled  to  pass 
pular,  they  felt  that  the  empire  of  Aris-  the  remainder  of  his  life  in  strict  seclu- 
totle  was  shaken  to  its  foundations,  sion.  Indeed,  there  is  every  reason  to 
Overwhelmed  by  the  facts  and  reason-  suppose,  that,  had  it  not  been  for  the  pro- 
ings  of  their  adversaries,  to  which,  in  tection  of  the  Grand  Duke  of  Tuscany, 
fCeneral,  they  were  able  to  oppose  no-  he  would  have  been  more  hardly  dealt 
thing  but  the  dicta  of  their  great  mas-  with,  and  in  all  likelihood  never  quitted 
ter,  th^  had  recourse  to  religion,  and  the  dungeons  of  the  Inquisition*.  It  is 
declared  the  opinion  of  the  earth's  mo-  difficult  to  conceive  what  the  inquisitors 
tion  to  be  not  only  unphilosophical,  but  could  have  expected  to  gain  from  a  re- 
heretical!  It  was  not  difficult  for  the  Co-  cantation  extorted  by  intimidation — 
pemicans  to  expose  the  absurdity  of  this  perhaps  even  by  actual  torture.  "All 
assertion ;  but  their  enemies  had  the  JBurope,**  says  La  Place,  **  was  revolted 
ear  of  the  ecclesiastical  authorities,  and  at  the  sight  of  an  oldt  man,  rendered 
a  decree  was  procured  from  the  Court  illustrious  by  a  long  life  dedicated  to  the 
of  Rome  in  the  year  1616,  prohibiting  study  of  Nature,  forced  to  abjure  on  his 
the  Revolutions  of  Copernicus,  the  Epi-  knees,  and  against  the  testimony  of  his 
tome  of  Kepler,  and  other  works  of  a  conscience,  the  truths  he  haa  incon- 
similar  tendency :  at  the  same  time  testably  proved**  In  spite  of  decrees 
Galileo  received  an  intimation  to  desist  and  prohibitions,  the  reasonings  of  Ga- 
for  the  future  from  teaching  and  ad-  lileo  were  generally  felt  to  be  of  over- 
vocating  the  theory  contains  in  them,  whelming  force,  and  the  court  of  Rome 
But,  notwithstandini^  the  evident  danger  shook  its  own  authority  much  more 
to  be  incurred  l>y  violating  such  a  pro-  than  the  Copernican  system  by  its  ig- 
hibition,  the  truth  was  too  dear  to  Ga-  norant  and  tyrannical  censures, 
lileo  to  be  abandoned  without  a  struggle; 


and  after  the  lapse  of  some  years,  he  «  p„  th«  particnian  of  thi*  •oudaioas  tiUii, 

Published  his  famous  Dialogues  on  the  and  the  abJaraUon  of  Oallleo,  the  reader  U  referred 

tolemaic  and  Copernican  systems,  a  J^S'wSI^ssa  ^**"**'  ^'  *^  ^*  ^^  *'  ^^ 

work  wblohgave  the  last  fatal  blow  to  t  OaUleo  waaatt]i)itiiDetaTait7  7nn9f«s«i 
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As  we  thall  not  have  occasion  to  re-  planets,  as  they  ttiost  haTd  trammed 
vert  aj^ain  to  the  ^reat  dispute  about  the  these  pretettded  spheres  in  every  diree- 
motion  of  the  earth,  we  shall  now  pro-  tion.     The  physical   theories    Of    the 
ceed  to  make  a  few  remarks  on  the  Arlsfotellans  were  thus  completely  over- 
nature  of  the  discussion,  and  the  mode  thrown :  the  epicycles  Of  Ptolemy  might 
in  which  it  was  carried  on.    Galileo  has  be  considered  as  a  purely  mathematical 
remarked  in  his  Dialogues,  that  the  ar-  hypothesis  for  the  purposes  of  calcu- 
guraents  on  either  side  might  be  classed  lation ;  but,  unfortunately  for  his  repd- 
under  two  heads,  those  purely  astrono-  tation,  this  author  has  urged  some  me- 
mical,  and  those  derived  from  physical  chanical  objections  to  the  motioil  of  the 
and  mechanical  considerations.     But  earth,  which  were  mttch  insisted  upon 
among  the  latter  it  will  be  necessary  to  in  later  times ;  and  these  we  shall  now 
distinguish  those  really  physical  from  proceed  to  consider, 
others  which  might  more  properly  be  The  real  mechanical  objections  to  the 
called     metaphysical,     beinff     merely  doctrine  of  the  rotation  of  the  earth  on 
founded  on  fanciful  notions  of  Aristotle  its  axis  may  nearly  all  be  reduced  to  one 
and  his  followers,  as  to  the  essence  and  head,  though  they  have  been  presented 
nature  of  certain  objects.    A  very  nu-  in  many  different  forms.    Thus  it  was 
merous  class  of  objections  to  the  motion  argued,  that,  did  the  earth  revolve  oa 
of  the  earth  may  t>e  referred  to  the  idea  its  axis  with  the  velocity  which  must  be 
of  Aristotle,   that  all  celestial   bodies  attributed  to  it  in  that  hypothesis,  stones 
were  of  a  totally  different  nature  from  thrown  up  into  the  air  would  not  descend 
the  terrestrial,  being  essentially  perfect  to  the  same  place ;  a  bird  on  the  win^ 
and  incorruptible,  while  the  latter  were  would  find  tne  ground  over  which  it 
imperfect  and  liable  to  decay.     This  hovered  pass  away  from  under  it ;  pro- 
idea,  which  was  a  fundamental  one  in  jectiles  would  range  differently*  accord- 
Aristotle's  natural  philosophy,  made  the  ing  to  the  direotion  in  which  they  were 
Peripatetics  utterly  averse  to  admit  that  fired,  and  so  on.     The  answer  to  all 
the  earth  was  merely  orte  of  a  system  of  these^  and  innumerable  objections  of 
planets  revolving  round  the  sun,  and  the  kind  which  have  been  urged,  is  the 
that  there  was  no  essential  difference  same.    Bodies  on  the  earth's  surface,  as 
between  them,  either  in  their  motions  or  well  as  the  atmosphere  which  surrounds 
physical  constitution.    The  discoveries  it,  participate  in  the  common  motion  of 
of  Galileo,  however,  had  eminently  con-  rotation :  the  motion  of  a  projectile  in 
tributedto  establish  that  such  was  the  space  is  determined  not  merely  by  the  im* 
fact:  he  had  shown  that  Jupiter  was  mediate  impulse,  but  also  by  the  motion 
the  centre  of  a  system  of  satellites,  re-  it  had  already  acquired ;  though,  as  this 
volving  round  him  as  our  moon  does  is  common  to  us,  and  all  the  points  with 
round  the  earth;  that  the  planets  shone  which  we  compare  it»  we  perceive  on]/ 
merely  by  light  reflected  from  the  sun;  the  relative  motion.     This  point  was 
that  the  moon's  surface  presented inequa-  well  illustrated  by  Galileo  ^.    Suppose* 
lities  exactly  similar  to  those  of  the  earth;  said  he,  a  painter  on  board  a  vessel 
that  neither  it  nor  the  planets  were  the  going  from  Venice  to  Alexandria  were 
smooth,  round,  spontaneously  luminous  to  begin  to  draw  on  quitting  the  port, 
bodies  thev  were  asserted  to  be,  l)ut  bore  and  continue  this  till  he  arrived  at  Alex- 
every  analogy  to  the  globe  we  inhabit,  andria,  it  is  clear  that  the  point  of  his 
He  proceeded  in  his  Dialogues  to  over-  pencil  will  have  traced  out  a  very  long 
throw  the  pretended  perfection  and  im-  line  on  the  earth's  surfoce ;  yet  the  pe- 
mutability  of  the  heavens,  by  referring  culiar  work  on  which  he  was  engaged, 
to  the  apparition  of  a  new  fixed  star  in  a   landscape,  for  example^  woiud    be 
the  year  1572,  and  to  the  spots  on  the  exactly  the  same  as  if  the  vessel  had 
surface  of  the  sun,  which  he  had  disco-  remained  on  the  same  spot,  it  being 
vered  to  form  and  disappear,  indicating  merely  the  relative  motion  of  the  pea 
continual  and  extensive  changes  on  the  that  determined  the  outline  of  the  figiu-es 
surface  of  that  body.    Tycho  Brahi  had  on  the  paper.    Another  good  illustra- 
already  shown  that  cornels  were  not  tion  of  the  same  point  is  this :— Suppose 
meteors  engendered  in  the  atmosphere,  that,  in  a  vessel  under  sail,  a  heavy  body 
but  bodies  revolving  round  the  sun,  and  is  suffered  to  fall  from  the  top  of  the 
the  direction  of  their  orbits  disproved  mast  to  the  deck,  it  will  strike  the  deck 

the  existence  of  the  solid  transparent  _  . .     . 

spheres  which  had  been  imagined  to  .  ^^^^  ^  tuin^  ^i  ••  .  im 

explain  the  moUona  of  thelun  and  m^^^  **  ^^"^^  ^^  '^*  »•  ^ 
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exactlvatthe'(bot  of  the  mast  t  rand  not  of  the  equinoxes ;  who  has  destroyed 

behind  it»  as  many  had  affirmed  in  th^  three  enormous  spheres ;    who,  lastly, 

te^th  alike  of  reason  and  direct  expert-  like  Hercules,  has  been  able  to  sustain 

ment  0  for  the  same  reason  that  the  alone  a  weight  that  has  so  often  crushed 

heavy  body,  participating  originally  in  an  Atlas.*'    We  have  quoted  this  pas- 

the  common  motion  of  the  vessel,  strikes  sage  to  show  that  the  real  difficulties  in 

the  deck  at  the  foot  of  Ihe  mast,will  a  siml-  the  admission  of  the  system  of  Coperni* 

lar  body,  suffered  to  fall  from  the  top  of  a  cus  lay  merely  in  the  erroneous  physical 

high  tower  on  the  earth's  surface,  strike  notions  of  the  time,  in  the  authority  of 

the  ground  at  the  foot  of  the  tower,  and  Aristotle,   and  in  religious  prejudices, 

not  at  a  distance  fi*om  it"**.    This,  in«  Indeed,  but  one  arsrument  has  ever  been 

deed,  is  only  true  approximately ;  for,  urged  against  it,  which  would  have  any 

if  we  come  to  great  accuracy,  the  sum-  weight  in  the  eyes  of  an  astronomer: 

tnit  of  the  tower  revolves  rather  faster  this  is  the  enormous  distance  at  which  it 

than  the  base,  and  the  heavy  body  will  places  the  fixed  stars  from  the  earth, 

deviate  k  little  in  its  fall,  but  by  so  small  For  since  the  earth  describes  round  the 

H  quantity  as  hardly  to  be  perceptible  in  sun  an  orbit  nearly  circular,  its  positions 

the  most  accurate  experiments.  at  the  interval  of  half  a  year  will  be  dis* 

^  The  physical  difficulties  being  once  tant  the  whole  diameter  of  the  orbit,  or 

disposed  of,  it  only  remained  to  com-  nearly  190,000,000  of  miles ;   yet  this 

pare  the  Ptolemaic  and  Copemlcan  sys-  immense  distance  produces  no  change 

terns  in  an  astronomical  point  of  view.  In  the  apparent  places  of  the  fixed  stars. 

And  here  the  advantage  of  the  latter  In  other  words,  a  straijs^ht  line  of  that 

was  palpable  and  Immense.  The  annual  length  subtends  no  sensible  angle  at  the 

motion  of  the  earth  suppressed  at  once  distance   of    the   nearest   fixed    star, 

the  epicycles  of  the  Superior  and  the  de-  Though  there  is  no  physical  impossibility 

lerents  of  the  inferior  plaiiets :  it  pointed  in  this,  it  was  felt  for  a  long  time  as  a 

out  the  cause  of  their  stations  and  retro-  difficulty  in  the  Copemican  system,  and 

cradations,  phenomena  otherwise  totally  great  exertions  have  been  made  to  dis- 

mexplkiahle.   The  diurnal  motion  Intro-  cover  some  annual  parallax  in  the  fixed 

duced  a  still  greater  simplification,  by  stars,  but,  up  to  this    time,  without 

getting  rid  of  the  monstrous  revolution  much  success.    It  is  curious  enough, 

of  the  primum  mobile,  by  which  not  thatwhile  prosecuting  researches,  of  this 

merely  the    sun,  a    body  enormously  kind,  Bradley  was  led  to  the  discovery  of 

larger  than  the  earth,  and  at  a  distance  aberration,  which  fhrnishes  us  with  a 

of  more  than  ninety  millions  of  miles  direct  proof  of  the  earth's  annual  mo- 

with  the  planets,  but  even  the  fixed  stars,  tion.      There  is,  then,  no  longer  any 

whose  distanoe  is  so  great  as  almost  to  hesitation   in  admitting   the  immense 

surpass  our  powers  of  conception  and  distance  we  have  alluded  to  |  however 

expression,  revolved  round  an  atom  like  much  it  may  surpass  any  magnitude  of 

the  earth,  all  exactly  in  the  same  period  which  We  can  form  a  eonception. 
of   twenty-four    hoUrs.     Indeed,    the 

}TS^  ? -K^f  ^^^'^''^Jlf^t^'!:  Chaptee  XII. 
torted  a  tribute  of  warm  admu*ation  from 

its  very  adversaries.    The  Jesuit,  Rlc-  MioBUrio/th^  Earih^SfUll^Ifortoood 

cioli,   who    wrote   expressly  to   over-  -— 7hin*tYt  of  Venus  and  Afereurff^ 

throw  it,  exclaims  t,  "NeVet  can  we  Qaeetndi^'HorroX'^DiminutionofihB 

sufficiently  admire  the  genius  and  saga-  bhliquiiy  of  the  B^Mpiic^WmdeMn 

city  of  Copernicus,  who,  by  three  mo-  —  Sfonn-^  Longiiudee-^  HweUui-^ 

tions  of  a  globule  like  the  earth,  has  LibtoHon  of  the   Moon-^Cometi'-^ 

explained  what  astronomers  have  never  MouUm. 

been  able  to  represent  without  an  absurd  Thb  attempt  of  Eratosthenes  to  mea- 

eompiieation  of  machinery  5  and  who,  g^^  ^^  earth  was  repealed  in  the  be^' 

disengaging  the  fixed  stars  from  their  ginning  of  the  seventeenth  Century  by 

rapid  diurnal  motion,  so  difficult  to  re-  Willebrord  Snell  *,  a  distinguished  pro- 

concilc  with  their  general  motion  round  1^5^,^  ^f  mathematics  at  Leyden.   This, 

the  Poles  of  the  Koliptic,  has  happily  however,  was  not  quite  the  first  experi- 

explained  the  stations  and  retrograda- 

tions  of  the  planets,  and  the  precession  •  soeuu  uiiutHcros  u  the  diMotttwr  orth<  i»w, 

*^  i&tt  If  hCB  a  ny  of  light  panes  from  one  medlun 

>-           "■  ■•'                            "     I    ' '^ — "*~  into  another,  the  dne  of  Uie  angle  of  Inddedce  Is 

•  Oallleo,  6peze,  toL  It.  p.  113.  td  thst  Of  HfhietlOn  in  a  MMtMt  ntla,  deptadiof 

t  Almascrt.  Nomm,  toLU.  p.SOS.  upon  themedia. 
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ment  of  the  kind  in  modern  times.  Fer-    to  observe,  that  be  himself  was  aware  of 
nel,  a  French  physician;  had,  in  the  year    his  error,  and  had  repeated  the  whole 
1528,  measured  the  length  of  a  degree    operation,  but  was  cut  off  by  death  he- 
between  Paris  and  Amiens,  by  counting    fore  he  could  publish  the  corrections  he 
the  number  of  turns  made  by  a  carriage    had  obtained.    It  is  easy  to  see  how  su- 
wheel  in  passing  along  the  high  road :  he    perior  his  method  was  to  that  of  £raf  o- 
found,  for  the  length  of   the  degree,    sthenes.    In  the  first  place,  the  latitude 
56746  toises  of  Paris:  and  it  is  remark-    was  actually  observed  at  the  two  exf  re- 
able   that    proceeding  so    roughly  he    mities  of  the  arc  ;  but  the  principal  ad- 
should  have  obtained  a  result,  which    vantage  was  in  the  terrestrial  measure- 
comes  nearly  within  300  toises  of  the    ments.    Eratosthenes  not  merely  nes^- 
truth.    The  method  of  Snell  was  much  lected  the  reduction  to  the  meridian, 
more  scientific,  and,  in  fact,  is  the  same  but,  instead  of  determining  the  arc  be^ 
with  that  which  has  been  pursued  in  tween  Syene  and  Alexandria   by   any 
similar  researches  ever  since.    Having  mathematical  process,  took  the  itinerary 
measured  in  the  plains  near  Leyden,  a  distance  as  given  by  the  royal  surveyors, 
straight  line  or  base  of  considerable  ex-        Soon  after  this  measurement,  a  similar 
tent  *,  he  uroceeded  to  observe  at  each  operation  was  undertaken  in  the  same 
end  of  it  the  angle  made  with  a  given  country   by  Blaeu,  a  countryman    of 
signal.    In  the  triangle  thus  formed,  he  Snell :  it  appears  to  have  been  executed 
osculated  the  remaining  sides ;  one  of  with  great  accuracy ;    but  the  details 
which  being  taken  for  a  fresh  base,  and  have  never  been    published.      In   the 
connected  with  a  fresh  signal,  formed  a  year  1635,  Richard  Norwood,  haTing 
new  triangle,  and  proceeding  in  a  similar  observed  the  difference  of -latitude  be- 
way,  he  was  enabled  to  connect  the  two  tween  York  and  London,  proceeded  to 
extremities  of  an  extensive  arc  by  a  se-  measure  the  distance  between  these  two 
ries  of  triangles.    But  as  these  two  ex-  places  along  the  high  road,  partly  with 
tremities  did  not  lie  exactly  under  the  a  chain,  partly  by  stepping,  and  making 
same  meridian,  it  became  necessary  to  the  best  allowance  he  could  for  the 
determine  the  arcs  of  the  meridian  in-  windings  and  inequalities  of  the  road, 
tercepted  between  the  vertices  of  the  re-  This  he  did  by  observing  the  deviations 
spective  triangles.   To  effect  this,  it  was  from  the  meridian  with  a  compass,  and 
necessary,  at  the  extremity  of  the  arc,  to  measuring  the  inclination  of  the  various 
measure  the  azimuth  or  deviation  from  declivities.    It  must  be  regarded  as  a 
the  meridian  of  one  of  the  sides  of  the  most  curious  instance  of  the  tendency  of 
first  or  last  triangle.    The  sum  of  the  small  errors  to  compensate  each  other  in 
arcs  of  the  meridian  thus  found  gave  a  great  arc,  that  in  this  way  he  should 
Snell  the  whole  arc  sought.    The  arc  have  found  a  value  of  the  degree  a  great 
between  Alcmaer  and  Bergen-op-Zoom,  deal  more  accurate  than  that  of  Snell*. 
he  found  to   be  34018  perches,  each  It  is  now  hardly  necessary  to  allude  to 
perch  containing  twelve  Rhenish  feet ;  the  operation  of  the  Jesuits,  RiccioU  and 
the  difference  of  latitude  was  1^  11' 30" :  Grimaldi,  in  Italy,  which  was  similar  in 
and  hence,  he  concluded  the  length  of  method  to  that  of  Snell,  but  equally  un- 
the  degree  to  be  28473  perches.     He  successful  in  the  execution :  their  error 
also  observed  the  latitude  of  Leyden,  the  was  upwards  of  31000  feet  in  excess, 
situation  of  which  is  intermediate  be-        In  the  system  of  Copernicus,  or  indeed 
tween  Alcmaer  and  Bergen-op-Zoom,  that  of  Tycho  Brah£,  the  inferior  planets, 
and  found   by  this    operation    28510  Mercury  and  Venus,  revolving  round 
perches,  whence,  taking  a  mean,  he  esti-  the  sun  in  planes  very  slightly  inclined 
mated  thedegree  at  about  28500  perches,  to  the  ecliptic,  must  occasionally  pass 
or  331056  English  feet  t.  — 

This   value  is   not  so  exact  as  might        *  The  error  of  Norwood  wu  not  mnch  more  than 

have  been  expected  from  the  goodness    SU?-^***-,.  "•  ""J'.^?  ^*"*f**  ®^  *^*  ^*^*^ 

?.L  11.   j'*i.  1       1  r  4U     j^      36716  EnglUh  feet  J  It  U  In  reality  nearly  364»J70. 

of  the  method,  the  real  value  of  the  de-     por   an  iccount  of  thi.  meaeure,  see  lilVseai 

Cree  being    about  364870  feet.      It  ap-      >»»«*■  Practice.   London,  1659.  c.  2.    Some  idea 

pea«  that  the  principal  error ^a,  in    tLn^\r::^'iS:^,U:rt^e.:::i'FJ^iZ 

the  determmation  of   the  azimuth,  a  de-     often  obcenre  a  mile  or  two  before  me,  some  mark 

licate  and  difficult  operation.  It  is,  how-    *"  J}»f  ^^f^"^*  '^**°?  *>;?  <*•«'•«»  "d  meaaaring 

u   i.  •      .■       .A.                       CO     11  to  it  In  the  way.  DeglecUngto  obeerfethe  inter- 

ever,  but  justice  to  the  memory  of  Snell,  mediate  swenriugs  of  the  way,  •ometimen  three  or 

■  four  degrees  towards  the  right  hand,  sometimes  as 

*  In  the  year  1617.  nnch  to  the  left,  bnt  making  such  allowance  for 

r  See  hU  work   called  Eratosthenes  Batavus.  that  and  for  the  nscreoiieasc  •■  I  Jadged  soffi- 

Leyden,  1617.  Ub.  U.  c.  b.  p.  197.  clent*— ]».» 
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between  the  sun  and  the  earth.  At  thin  other  transit  of  Venus  occurred]  before 
time,  the  planet  seen  from  the  Tearth  will  the  year  1761,  when  the  different  go- 
appear  to  traverse  the  sun's  disc ;  and  yemmenta  of  £urope  sent  astronomers 
these  phenomena  are  called  transits  of  to  all  parts  of  the  world  to  make  the 
Venus  or  Mercury  over  the  sun.    It  is  observation. 

easy  to  conceive  their  importance  in        We  have  said  that  the  observation  of 
astronomy.    They  are  a  decisive  con-  the  transit  of  Venus  was  owing  to  an 
firmation  of  the  fiict,  that  the  inferior  accident.    There  lived  at  that  time  in 
planets  revolve  round  the  sun ;  and  they  Lancashire  a  young  astronomer  of  the 
are  of  the  greatest  use  in  determining  name  of  Horrox,  who,  though  carried  off 
the  elements    of   the  orbits  of   these  by  a  premature  death  at  the  age  of 
planets.    It  is  evident,  that  at  this  time  twentv-three,  has  left  behind  him  proofs 
they  must  be  very  near  their  nodes :  it  of  enthusiasm  and  genius  for  science  al- 
ls easy,  when  they  are  visible  on  the  together  uncommon.  Kepler,  from  some 
disc,  to  measure  their  distance  from  the  error  in  his  tables,  had  announced,  that, 
sun's  centre,  to  determine  the  instant  of  after  the  transit  of  1631,  no  similar  phe- 
their  appearance  and  disappearance,  and*  nomenon  would  occur  for  more  than  a 
hence  to  conclude  the  longitude  of  the  century.    It  so  happened,  however,  that 
node,  and  the  inclination  of  the  orbit  to  Horrox  had  been  m  the  habit,  when  he 
the  ecliptic.    These  considerations  in-  commenced  his  astronomical  pursuits, 
duced  Kepler  to  call  the  attention  of  of  consulting  the  fables  of  Lansberg, 
astronomers  to  the  transit  of  Mercury,  though  he  had  subsequently  abandon^ 
announced  for  the  7th  of  November,  them  for  those  of  Kepler ;  and  also,  that 
1631.    Kepler  had  once  imagined  that  Lansberg^s    tables,  though  in  general 
he  had  observed  such  a  transit  on  the  very  defective,  yet,  by  a  compensation  of 
28th  of  May,  1607 ;  but  he  recognized  errors,  were  right  in  announcing  a  tran- 
afterwards  his  error,  and  confessed  that  sit  of  Venus  for  the  year  1639.    Struck 
he  had  mistaken  a  solar  spot  for  the  by  this  announcement,  Horrox  was  in- 
planet.    However,  the  transit  of  1631  duced  to  examine  more  minutelv  Kepler's 
was  certainly  observed  by  several  astro-  tables  ;    and  he  perceived  that,  after 
nomers;  but  the  onlv  one  whose  ob-  making   certain  necessary  corrections, 
servation  is  on  recora  is  the  celebrated  they  made  the  transit  visible,  and  fixed 
Gassendi*.    To  his  great  surprise,  he  it  for  the  4th  December,  (N.  S.)  1639. 
found  the  apparent  diameter  of  Mer-  He  gave  notice  of  this  to  his  friend  and 
cury,  which  had  usually  been  estimated  correspondent,  Crabtree  ;  andl)oth  had 
at  2',  not  to  exceed  20" :  he  immediately  the  pleasure,  on  the  day  mentioned,  of 
conjectured  that  the  apparent  diameter  seeing  Venus  on  the  sun's  disc,  though 
of  Venus  would  not  be  found  to  exceed  curcumstances  prevented  the  observation 
much   1' ;    which  was  verified  at  the  of  the  l>ec:inning  and  end  of  the  pheno- 
transit  of  1639,  when  Horrox  found  it  menon.  The  observation,  however,  was 
about  1'  1 0''.    This  was  the  first  transit  of  the  greatest  use  in  fixing  the  elements 
of  Mercury  ever  observed :  these  phe-  of  the  orbit ;  and  the  two  friends  had 
nomena  are  of  the  more  consequence  in  the  satisfaction  of  being  the  only  indi- 
determining  the  orbit  of  the  planet,  since,  viduals  in  Europe  who  had  witnessed 
from  its  proximity  to  the  sun,  it  is  al-  such  a  spectacle.   They  did  not  live  long 
ways  difficult  to  observe  it  with  advan-  to  enjoy  the  distinction.    Both  died  at  a 
tage  by  the  ordinary  methods.    Those  very  early  age  *. 
of  Venus  are  still  more  rare  and  more        It  was  about  this  time  that  the  idea 
important.    One  was  announced  for  the  of  a  variation  in  the  obliquity  of  the 
6th  December,  1631;  but  it  was  invi-  ecliptic  was  first  entertained.    It  seems 
sible  in  Europe,  Venus  having  traversed  to  nave  originated  with  Godfrey  Wen- 
the  sun's  disc  during  the  night.    It  is  delein,  a  Dutch  astronomer  of  some 
remarkable,  that  the  next  transit,  in  the  merit    He  induced  Gassendi  and  Pey- 
year   1639,   though  visible,  was  very  resc  to  repeat,  at  Marseilles,  the  obser- 
nearly  missed,  and  only  observed,  it  may  vation  of  Pytheas  on  the  sun*s  altitude 
be  said,  through  an  accident.    The  ex-  at  the  summer  solstice.    Having  em- 
treme  importance  of  this  observation 
may  be  collected  from  the  fact  that  no  ' 


-  •The  obiervatloa  of  Horrox  is  detailed  In  a 

'                      ""        '                                      ~""~  amall  treatiae  composed  by  l^im,  called  Veoas  In 

*  Gassendrs  obscrratlon  is  to  be  found  In  a  Sole  visa,  first  printed  as  a  supplement  to  the 

treatise  composed  expressly  on  this  subject,  called  Mercuriui  in  Sole  TUas  of  HtrcUiu,   DaatilCf 

Pe  If  crculo  la  Sole  Yito,    Hasae«  166S.  1683, 
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ployed  for  tbi9  purpove  a  gnomon  of  52  tk>n  with  one  mtde  nnder  anoBier 

feet,  they  found  the  ratio  of  this  altitude  dian.     Jean  Baptiste  Morin  was   the 

to  the  solstitial  sh^ow  to  be  }20 :42}.  Urst  to  propose  a  method  analogous  to 

Pytheas  had  found  120 :  41| :  the  com-  that  of  lunar  distances,  now  in  general 

parison  indicated  clearly  the  diminution  use.    He  proposed  to  observe  the  alti- 

suspected :  but  astronomers  do  not  seem  tudes  of  a  fixed  star  and  the  moon,  and 

to  have  placed  much  reliance  on  thin  at  the  same  time  their  apparent  dis- 

observation  of  Gassendi,  or  indeed  that  tance ;  hence  to  obtain  the  truedistanoe. 

of  Pvtheas,  with  which  he  compared  it  \  and  from  this  and  the  altitude  of  the 

We  haye  seen,  however,  that  the  latter  poon  to  ^nd  her  n^\  ascension  at  the 

was  made  with  considerable  care,  and  instant  of  observation  *.    It  is  always 

the  doubts  ivhich  have  been   throwii  possible  to  find  by  the  tablet,  the  ma- 

upon  it  are  very  unjust :  it  were  to  be  ment  when    the    moon  has  a  given 

wished  that  Gassandihad  observed  with  right  ascension  under  a  known  msri- 

as  much  success.  dian ;  and  the  difiference  between  these 

Wendelein  deservef  notice  here  for  times  gives  at  once  tbe  diflerenoe  of 
pther  services  rendered  to  astronomer,  the  meridians  or  the  terrestrial  long^i- 
He  a^certfiined  that  the  law  of  the  peri-  tude.     This  method  is  quite  f^ood  in 
odic  times  discovered  by  Kepler  to  exist  tbeoiy,  and>  indeed,  bears  considerable 
among  the  planets,  was  also  true  for  the  resemblance  to  that  now  in  use;  but  in 
system  of  tne  satellites  of  Jupiter :  the  practice  it   wa9  inapplicable    v'ithout 
squares  of  the  times  of  their  revolution^  tolerably  exact  tables  of  the  moon ;  apd 
round  the  primary  planet,  being  as  the  Upon  this  ground  the  commissioners  ap- 
cubes  of  the  major  axes  of  their  orbits,  pointed  by  Cardinal  Richelieu  to  e^c- 
We  now  know  this  to  be  a  necessary  amine  the  merits  of  the  invention,  eon- 
consequeqce  of  the  theory  of  universal  demned  it    It  has  been  said  by  some 
gravitation :  at  that  time  it  furnished  a  authors  that  Morin  was  hardly  used  by 
curious  and  not  an  undesirable  corrobo*  ^hem ;  yet  if  we  consider  that  the  reward 
ration  of  this  remarkable  law.    Wende-  offered  oy  the  government  was  evidently 
lein  has  also  the  merit  of  having  cor-  intended  for  some  method  of  discover- 
rected,  materially,  the  value  of  the  sun's  ing  the  longitude  directly  applicable  to 
parallax,  then  estimated  at  3',  though  it  navigation,   which  this  method  could 
does  not  in  reality  exceed  9".    Aristar*  pot  be  m^e,  without  tl\e  construction 
chus  had  placed  the  sun  nineteen  times  of  good  lunar  tables ;  that  in  fact  the 
as  far  from  us  as  the  moon:  Wendelein,  realdi^ci^ty  of  the  problem  lay  in  the 
by  following  the  same  method,  with  the  formation  of  these  tables,  which  re- 
assistance  pf  the  telescope,  was  able  to  qujred  a  much  more  perfect  state  of 
make  a  much  more  accurate  determina-  ytstronomy  than  existed  in  the  seven- 
tion :  he  placed  the  sun  229  times  far-  teenth  century ;  that  the  mere  idea  of 
ther  from  us  than  the  moon;  which  employing  the  place  of  the  moon  for 
gives  a  parallax  of  15",  supposing  the  the  otyect  in  question,  was  not  difficult 
moon's  distance  to  be  sixty  semi-diapae-  to   hjt  upon,  nor  in    fact  original  t; 
ters  of  the  earth.  we  shall  probably  think  the  commis- 

The  discoveries  of  India  and  America  aioners  had  sufficient  ground  for  the 

hftd  given  such  an  impulse  to  naviga-  opinion  theyipronounced.    Nor  is  the 

tion,  that  tte  want  of  a  method  for  deter-  cnamcter  or  Morin  such  as  to  excite 

mining  the  longitude  at  sea  began  to  be  much  sympathy  for  his  alledged  ilitreat- 

severely  felt     Ptolemy  had  proposed  pjent    Not  content  with  being  an  in- 

eclipses  of  the  moon  for  the  determina-  fatuated  follower  of  judicial  astrology, 

tionof  terrestrial  longitudes:  the  sug-  he  had  waged  an  implacable  war  against 

gestion  of  Galileo  to  employ  the  eclipses  tbe  doctrines  and  followers  of  Coperni- 

of  Jupiter's  satellites  was  much  more  Q^i ;  upon  whom  he  bad  heaped  the 

important ;  but  the  observation  is  made  ^ 

with  difficulty  at  sea ;  and  had  it  been  ' ' '  .    ^^.   a^.. '     '    »,     o 

otherwise,  the  satellites  could  not  have  y ^.^fSgr*^'  ^'^'^  ^'  ^*-    ^"^  •**'  "*  «• 

been  thus  used  without  accurate  tables.  t  ItliadbeeoiyropMedb7OemoiaFiifllai,0nf 

The  ohippf:  of  tViP  sPjiinsm  Iipinir  to  dis-  ^^'^^^  Astronovlel,  ce.  If  Md  18 1  nodonbl  th« 

me  oDject  oi  ine  seaman  oeing  lo  ais-  ^^^^  ^^  q^^^^  p^^j^  ^^  ^  in»«ciuui  m 

cover  his  longitude   at  once,  he  cannot  to  be  uaelesa  in  practice.    He  employed  %  globe 

of  course  wait  to  compare  his  observa-  •"**  compaet  iDettad  of  trlgonometrlcAl  oalcnU* 

*  tion,  and  neglected  altof  ether  tbe  moon*s  parallax : 

Morin  might  juetlv  claim  the    merit  of  havlnf 

•  For  tbe  obeervaUon  of  Oaeeendl,  aee  bis  Fro-  corrected  the  method,  and  made  it  appUcablc^ 

portlo  Gnomooia  ad  Umbram  eolf  tltUUm  Maiii-  provided  good  table*  could  be  found :  but  ncre  wu» 

Ua  Obaerrata.  Haginc,  1962,  u  wt  ha?t  paid,  tbfl  real  dUlcuUy. 
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most    mi8{»anDg    «iid     wun^Mwrod  tb«r  the  cqviqqd  ellipse,  pod  lubititQU 

abuse  *»  an  analogous  curve,  where  instead  of 
It  has  been  remarked  by  Montucla  the  sum  of  the  distances  from  the  foci 
that  none  of  the  contemporaries  of  to  a  given  point,  it  is  their  product 
Kepler  seem  to  have  understood  the  which  is  constant.  Indeed  it  may  be 
importance,  or,  indeed,  the  real  nature  said  that  it  was  not  till  Newton  had 
of  the  laws  discovered  by  that  phUoso-  shown  that  the  laws  of  Kepler  were 
pher.  They  saw  in  them  nothmg  but  deductions  from  one  general  principle 
the  motion  of  the  planets  in  ellipses,  of  which  governs  all  the  planetary  motions, 
which  the  suo  occupied  one  of  the  foci,  that  they  seem  to  have  been  universally 
The  important  law  of  the  aretes  was  appreciated  as  the  real  expression  of 
either  overlooked  or  disbelieved.  It  the  phenomena, 
may  justly  excite  our  astonishment,  that  John  Hevel  or  Hevelke  *t  commonly 
long  after  the  publication  of  Kepler^s  called  Hevelius,  (a  senator  of  Dantziok), 
work  on  Mars,  Bouillaud,  a  French  was  the  most  assiduous  practical  astro- 
astronomer  of  great  erudition,  should  nomer  that  £urope  liad  seen  since  the 
have  proposed  to  represent  the  celestial  death  of  Tycho  Brah6.  The  revolution 
motions  by  another  hypothesis  tr  He  in  the  art  of  observing,  caused  by  the 
conceived  each  planet  to  move  in  an  adaptation  of  telescopes  to  instruments 
ellipse,  (one  of  the  foci  of  which  was  oc-  for  measuring  angular  distance,  which 
cupi^o  by  the  sun,)  adapted  to  an  obv-  occurred  towards  the  latter  end  of  his 
lique  cone,  in  such  a  manner  that  the  careeri  rendered  his  labours  less  valu- 
axis  of  the  cone  passed  through  the  able  than  they  would  have  otherwise 
other  focus.  The  planet  was  supposed  been ;  and  we  must  condemn  the  obsti* 
to  move  in  this  ellipse,  so  that  the  nacy  with  which  he  constantly  refused 
times  were  proportional  to  the  angles  to  adopt  this  improvement.  Yet  the 
described  round  the  axis  of  the  cone*  industiy  with  which  he  has  executed 
To  an  eye  placed  in  the  summit  of  the  some  laborious  undertakings,  such  for 
cone  the  planet  will  appear  to  move  example  as  an  accurate  delineation  of  the 
vniformly  in  the  circumference  of  a  moon  s  surface,  deserves  our  gratitudet. 
circle.  We  see  here  the  last  remain-  While  observing  this  satellite,  ne  was  led 
ing  traces  of  the  ancient  prdudice  in  to  the  discovery  of  a  phenomenon  which 
favour  of  circular  motionst  Beth-Ward,  had  escaped  the  sagaoit  v  of  Galileo,  This 
Bishop  of  Salisbury  and  professor  at  great  man  had  remarked,  that  though 
Oxfora.  modified  the  idea  of  BouiUaud*  the  moon  always  presents  yery  nearly 
He  made  the  planet  revolve  in  an  ellipse  the  same  face  to  the  earth,  yet  this  law 
similar  to  that  of  Kepler,  but  in  such  a  is  subject  to  some  small  variations,  which 
way  that  the  times  were  proportional  to  depend  upon  the  following  causes  :^-Io 
the  angles  described  round  the  focus  not  the  first  place,  the  moon^s  parallax  being 
oocupfed  by  the  sun  $, .  This  has  been  a  verv  sensible  Quantity,  a  spectator  sup- 
called  the  simple  elliptic  hypothesis,  posed  to  be  at  tne  centre  of  the  earth, 
It  offers  advantages  fpr  the  calculation  and  one  on  the  surface,  would  not  see 
of  the  true  anomaly  from  the  mean,  exactly  the  same  disc.  When  the  moon 
which  in  Kepler's  theory  was  suffi-  is  near  the  horizon  she  is  depressed  by 
ciently  difficult  \  but  it  is  not  the  law  of  parallax:  the  eye,  being  above  the  oen* 
nature,  and  has  been  universally  aban-  tre  of  the  earth,  perceives  spots  and 
doned.  However,  it  enjoyed  for  some  mountains  on  the  upper  edge,  which 
time  eonsiderabla  vogue :  being  subse-  disappear  as  she  rises  towards  the  ze- 
Quently  discovered  to  give  yfery  erro-  nith,  where  the  parallax  vanishes,  and 
neous  results  when  the  exoentricity  was  other  spots  on  the  lower  edge  come  into 
considerable,  it  wu  again  modified  by  view,  As  she  descends  a^ain  towards 
Mereator4:  he  divided  the  distance  the  horison,  the  latter  vanish,  and  the 
between  the  foci  of  the  ellipse  in  ex-  former  reappear.  This  is  called  the 
treme  and  mean  ratio,  so  that  the  point  diurnal  libration :  there  is  another  librar 
of  section  fell  between  the  centre,  and  tion  in  latitude,  the  nature  of  which  is 
the  focus  not  occupied  by  the  sun,  easy  to  be  conceived,  which  arises  from 
Cassini  went  so  far  as  to  reject  altoge-  the  moon  not  moving  in  the  plane  of  the 
■ • ; ecliptic :  when  she  is  some  degrees  above 

•Stt  the  trUd*  Mortn [u  Dtlwftbrf,  Aftrpq.  •  Born,  161 1;  dladlal867. 

If  oderne,  ▼oU}.     ,      ,„    ,  ^  ,_  t  The  namea  gWen  to  the  ipou  on  the  moon  In 

t  AUroB.  vaitolnlen,  Ulk  I.  c  17.  modern  mape,  are  not  thoae  of  HeyeUua,  but  Rlc- 

t  Aatrononi.  OeometiloA,  l^onoon,  lOii,  ^^U.  wliote  Idea  of  oMnlnff  them  tfom  cnii 

1  Af tioQom,  $tct. % L^adoB, ISSTS,  nSuiSuwSSv^^^ 
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this  plane  the  clisc  that  we  see,  does  not  attractive  force   directed   to  the    sun. 

comprise  exactly  the  same  portion  of  These  notions  of  Hevelius  approidinate 

her  real  surface,  with  the  disc  seen  when  curiously  to  the  Newtonian  theory,  ^vhich 

she  is  below  it   These  phenomena  have  we  shall  subsequently  have  occasion  to 

been  designated  by  the  name  of  libra-  develope. 

tion :  the  former  is  called  the  diurnal  Gabriel  Mouton,  of  Lyons,  an  astro- 

libration;  the  latter,   the  libration  in  nomer  of  considerable  merit,  but  little 

latitude.    The  observations  of  Hevelius  known,  flourished  about  the  ^ear  1660. 

led  him  to  the -discovery  of  a  libration  in  He  has  the  merit  of  having  mtroduced 

longitude*.  Its  cause  is  this ; — ^The  moon  into  astronomy  the  method  of  determin- 

revolves  unequally  round  the  earth,  while  ing,  by  interpolation,  the  place  of  &  pla- 

her  motion  of  rotation  on  her  axis  is  uni-  net  at  some  instant,  intermediate  to  other 

form.    The  two  motions  being  accom-  instants,  for  which  its  place  is  given  in  the 

{>lished  exactly  in  the  same  time,  it  fol-'  tables.    It  is  unnecessary  to  make   any 
ows  that  the  same  part  of  her  surface  is  remarks  upon  the  extreme  importance 
always  presented  to  the  centre  of  the  of  this  method,  which  is  of  daily  and 
orbit,  but  not  to  the  earth :  the  disc  seen  hourlv  use  in  almost  all  astronomical 
from  these  two  points  coincides  only  calculations.    But  this  is  not  our  only 
when  the  satellite  is  in  the  line  of  her  obligation  to  Mouton :  he  was  the  first 
apsides.  All  these  appearances,  of  course,  observer  who  used  the  pendulum  to 
are  merely  optical;  theory  indicates  a  determine  differences  of  right    ascen- 
real  libration  in  longitude,  but  this  has  sion.    Hevelius,  indeed,  had  employed  a 
not  been  sensible  in  any  observations  pendulum  in  some  observations  a  few 
hitherto  made.  vears  before ;  but  we  do  not  know  how 
Hevelius  deserves  further  notice  here  he  measured  the  number  of  oscillations 
as  being  the  first  astronomer  who  had  a  made  in  a  given  time.    Galileo  had  ^s- 
correct  notion  of  the  nature  of  the  orbit  covered,  many  years  before,  that  the 
described  by  comets.  Tycho  6rah6  had  oscillations  of  a  pendulum  in  a  small 
demonstrated'  that  these  bodies  existed  circular  arc  are  sensibly  isochronous ; 
beyond  the  limits  of  our  atmosphere :  and  Huyghens  had  already  applied  the 
the  comet  of  1577  he  had  shown  to  be  invention  to  clocks.    But  those  clocks 
three  times  farther  from  the  earth  than  were  unknown  to  Mouton,  who  employed 
the  moon.    Hevelius  showed  that  the  a  simple  pendulum :  he  determmed  the 
comet  of  1664  was  five  times  farther  number  of  vibrations  in  a  given  time,  by 
from  us  than  this  satellite.    Tycho  sup-  counting  how  many  took  place,  while 
posed  them  to  move  in  a  circle :  Heve-  the  sun  traversed  a  known  arc  of  the 
lius,  guided  by  analogies  partly  false  and  equator.    Having  ascertained  this  fun- 
partly  true,  supposed  them  to  move  in  a  damental  point,  he  proceeded  to  observe 
parabola,  wluch  we  now  know  to  be  the  the  time  taken  by  the  sun's  diameter  to 
real  lawf.    He  was  unwilling  to  believe  pass  the  meridian.    He  thus  found  the 
that  bodies  of  a  transitory  nature,  such  value  of  this  diameter,  when  the  earth  b 
as  he  conceived  comets  to  be,  could  re-  in  its  aphelion,  about  31'  31",  a  value  as 
volve  in  a  circle :  a  motion  in  that  or  any  accurate  as  any  that  can  be  assigned, 
closed  curve  belonging  only  to  such  as 

had  a  periodic  rotation  and  an  eternal  Chapter  XIII. 

duration.    He  rather,  therefore,  leaned  ^  .  .     ^„  .      .^  „    •    •        «r    • 

to  the  opinion  of  Kepler,  who  supposed  ^^^  ofScienttftc  Soaehes^NaiMonal 

the  orbits  to  be  rectilinear;  but  observ-  ObfervatorteS'-'AppltaUum  of  the 

ing  that  all  projectiles  on  the  earth  de-  {«««)p«  to  the  Quadrani-^Goieoyne, 

scribe  a  parabola,  he  was  led  by  rather  jjff^o^t,  Pxcard-^  IrwerUumof  tke 

vague  but  fortunate  reasoning  to  the  Micrometer  ^Pendtdum    Clocks— 

conclusion.that  such,  also,  was  the  curve  ^uyg/iene  ^  Transit  Irutrument  — 

described  by  comets.    As  the  path  of  a  Corner* 

projectile  is  determined  by  the  force  of  We  have  now  arrived  at  an  important 

impulsion  and  gravity  combined,  so  was  epoch  of  our  history.    The  latter  half  of 

that  of  the  comet,  by  the  impulsion  with  the  seventeenth  century  witnessed  a  com- 

which,  in  his  theory,  they  were  thrown  plete  revolution  in  astronomical  science, 

out  of  the  atmosphere  of  the  planets  in  This  revolution  was  owing,  in  some  mea- 

which  they  were  generated,  and  by  an  sure,  to  the  foundation  of  scientific  so- 

__ cieties  and  national  observatories,  but 

•  De  Motn  Lnn*  Libratorio ,  Gedsn),  1654.  principally  to  the  great  and  important 

i  comeuigrapUs}  Gednd,  1668;  ub.  fz.p. 688.'  improvements  in  the  methods  of  obser- 
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Ration.  The  utility  of  Bcientific  societies  event  was  the  fotindation  of  a  Royal 

is  sufficiently  evident ;  but,  perhaps,  it  Observatory  at  Paris.    There  can  be 

was  still  greater  at  the  time  of  which  we  no  doubt  that  this  was  an  invaltyible 

are  now  speaking,  than  in  the  present  day.  benefit  to  astronomy.    The  foundations 

Without  the  constant  communication,  of  this  science  are  an  accurate  know- 

and  the  periodical  joumds  that  apprise  ledge  of  the  distances  of  the  fixed  stars 

us  now,  not  merely  of  every  interesting  from  each  other,  and  of  the  varying  po- 

discovery,  but  of  the  slightest  improve-  sitions  of  the  sun  and  planets.    The  lat« 

ments  in  scientific  methods,  the  pniloso-  ter,  in  particular,  can  only  be  determined 

phers  of  the  seventeenth  century  lived  by  long  series  of  observations,  carried  on 

in  a  state  of  isolation,  which  must  have  steadily  and  without  interruption,  from 

materially  retarded  the  general  progress  year  to  year,  and  even  from  century  to 

of  knowledge.    The  remarkable  obser-  century.     Without  such  observations, 

▼ation  of  Horrox  on  the  transit  of  Venus  the  profoundest  analysis  could  not  have 

was  not  published  till  thirty  years  after  constructed   those  tables  which  have 

it  was  made.    In  the  meanwhile,  the  now  been  brought  to  incredible  accu- 

important  conclusions  to  be  drawn  from  racy ;   by  which  the  astronomer  can 

it  were  lost  to  the  world.    The  observa-  predict,  with  unerring  certainty,  the  place 

tions  and  discoveries  of  Guscoyne  (see  occupied  on  a  given  moment  of  a  future 

pa8;e  66)  were  still  longer  buried  in  ob-  year  by  the  most  refractory  planet,  and 

livion.  the  navigator  steer  with  confidence  and 

The  foundation  of  the  Royal  Society  security  across  the  trackless  breadth  of 
of  London,  the  oldest  existing  scientific  the  Atlantic.  The  Royal  Observatory 
corporation,  has  been  referred  to  the  of  Greenwich,  which  has  rendered  greater 
meetings  of  several  distinguished  lovers  services  to  astronomy  than  any  similar 
of  natural  philosophy,  who,  being  at-  institution  without  exception,  was 
tached  to  the  party  of  the  king,  had  re-  founded  in  the  year  1675. 
tiredto  Oxford  during  the  reign  of  Crom-  But  these  observatories  could  not 
well.  On  the  restoration  of  Charles  II.  have  rendered  such  eminent  services, 
they  adjourned  to  London  ;  and,  having  without  great  improvements  in  the  instru- 
increased  their  number,  and  being  much  ments  employed.  One  of  the  most  im- 
favoured  by  the  monarch,  who  had  some  portant  of  these  improvements  was  the 
taste  for  chemical  pursuits,  they  ob-  adaptation  of  telescopes  to  instruments 
tained  a  charter,  and  were  regularly  in-  for  measuring  angular  distance.  It  is 
corporated  in  the  year  1662*.  Scientific  easy  to  conceive  the  advantages  gained 
societies,  something  similar,  had  existed  by  this  addition.  In  pointing  u]}on  any 
previously  in  Italy :  the  first  had  been  heavenly  body  the  moveable  radius,  the 
formed  by  the  Marchese  Frederico  Cesi,  extremity  of  which  measures  on  the 
as  early  as  the  year  1611,  under  the  limb  the  altitude  or  distance  required, 
name  of  the  Lyncean  Society:  of  this  the  exactitude  of  the  observation  evi- 
the  celebrated  Galileo  was  a  member ;  dently  depends  upon  the  magnitude  of 
but  it  seems  to  have  been  dispersed  at  the  angle  under  which  we  see  a  given 
the  death  of  its  founder  in  1632'h  It  portion  of  space.  The  observer  then 
was  succeeded,  in  1657,  by  the  Accade*  who  is  employing  the  telescope,  will 
mia  del  Cimento,  of  Florence,  which  make  his  observation  with  an  accuracy 
owed  its  origin  to  the  distinguished  pu-  proportional  to  the  magnifying  power  of 
piis  of  Galileo,  Viviani  and  Torricelli ;  the  instrument.  This  circumstance  is 
and  enjoyed  but  a  short  though  brilliant  so  very  obvious,  that  it  must  always  re- 
career  of  about  ten  years.  The  date  of  main  a  matter  of  surprise  that  the  in- 
the  foundation  of  the  Royal  Academy  of  vention  was  so  Ions:  deferred.  Some 
Sciences  at  Paris  is  posterior  only  by  doubts  have  been  raised  about  the  per- 
four  years  to  that  of  the  Royal  Society,  son  to  whom  it  is  to  be  ascribed.  It 
It  met  for  the  first  time  in  the  year  1 666 1.  seems  pretty  certain  that  it  was  used  in 

Nearly  contemporaneous   with   this  England  about  the  year  1640  by  Gas- 
coyne,  an  astronomer  of  genius,  the 

.  _         ,  .,  ^.     , ,   .           ..      ,  ,    .  contemporary  and  friend  of  Horrox  and 

•  The  roost  distinguished  among  the  original  /^     u*                j           •  j    ^id  n      au         l 

members  of  the  Roval  Society  were  Boyle,  Hooke,  Crabtrec,  and  camed  Off  like  them  by 

Wren,  waius.  Ward.  Lord  Brouncker,  &c.  a  premature  death*.    It  is  equally  cer- 

l.ife'o7GaiSeS?  c°lx  '  '*'*  ^^°""  ^'''**''*  '**  *^^  ^^^  that  t  he  observations  and  discoveries 

I  Among  Its 'members  irereAatoot,  Picard,  Ro-  of  Gascoyuc  remained  Unpublished,  and 

berral,    Richer,    &c.,    and    three  distinguished       '■ 

foreigners,  luTited  to  setUein  France  by  Louiy  XIV.  *  He  fell  at  the  batUe  of  Marttoo  Moor,  aged 

.  OnsiDl,  Hnygheos,  and  Romer,  twenty-four. 

P 
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unknown  to  the  scientific  world,  when  yeiy  helpful  when  the  meoti  ftp|>earstl\ 

the  same  happy  improvement  was  in-  not,  or  it  is  not  otherwise  light  enougti-"' 

troduced  in  Fiance  by  Picard  and  Au^  Again,  in  another  letter,  dated  Chrwt- 

»ouf,  about  the  year  1667*.  mas  eve,  1641 ;  ••  I  am  fitting  my  sex:- 

But    the  most   remarkable  circum*  tant  for  all  manner  of  observations,  by 

stance  is,  that  the  idea  of  adapting  the  two  perspicills  with  threads.    And  also 

telescope  to  the  sextant  was  published  I  am  consulting  my  workmen  about  the 

as  early  as  the  year  1634  by  Morin,  who  making  of  wheels,  like  J^  y,  ),  §  of  dia- 

made  it  one  of  the  proposed  improve^  gram  3"  (this  diagram  is  lost,)  '*  to  use 

ments  on  which  he  rested  his  claim  to  two  glasses  like  a  sector.    If  I  opce 

the  discovery  of  the  longitude  t.    Yet  have  my  tools  in  readiness  to  my  desire, 

this  proposition  seems  to  have  attracted  I  shall  use  them  eveiy  night.     I  Aacm 

no  attention  at  the  time,  and  to  have  fitted  my  sextant  b^  the  help  of  the 

been  completely  overlooked  by  subse-  cane,  turn  gkuses  in  itf  and  a  thread,  so 

quent  authors.     Delambre  we  believe  as  to  be  a  pleasant  instrument,  could 

to  have  been  the  first  to  notice  it    It  is  wood  and  a  country  joiner  or  workmen 

important  to  remark,  that  Morin  never  please  me.'*    Again,  in  a  letter  front 

actually  practised  the  method  he  pro-  Crabtree  to  Gascoyne,  dOth  October, 

posed;  while  we  shall  see  that  Gas-  1640:  '*  Something  I  am  sure  you  were 

eoyne,  notwithstanding  Delambre's  as*  telling  me  concerning  a  way  of  observ- 

sertion  to  the  contrary,  really  did  use  ing  the  places  of  the  planets  by  your 

the  telescope  applied  to  the  quadrant  glasses One  means,   I 

Morin  went  so  far  as  this ;  namely,  to  think  you  told  me,  was  by  a  single  glass 
attach  a  telescope  to  the  alhidade  of  in  a  cane,  upon  the  index  of  your  sex- 
what  he  calls  a  planisphere,  an  instru-  tant,  by  which,  as  I  remember,  you  find 
ment,  he  says,  which  performs  cdl  the  the  exact  point  of  the  sun*s  rays ;  but 
offices  of  an  ec|uatorial  armiUa  $';  but,  the  way  how  I  have  quite  forgotten,  and 
and  this  is  the  important  circumstance,  much  desire I  cannot  eon- 
he  did  not  employ  it  to  measure  angular  ceal  how  much  I  am  transported  beyond 
distance,  merely  to  follow  a  star  when  in  myself  with  the  remembrance  (of  that 
the  field  of  view.  The  telescope  of  little  I  do  remember)  of  those  admirable 
Morin,  thus  adapted  to  his  planisphere,  inventions  which  you  showed  me  when 
had  apparently  some  analogy  with  the  I  was  with  you.  I  should  not  have  i>e- 
equatorialiy  mounted  telescope  of  modem  lieved  the  world  could  have  afforded 
times.  Now,  Gascoyne,  it  a[)pears,  had  such  exquisite  rarities,  and  I  know  not 
actually  used  the  telescope  in  the  ob-  how  to  stint  my  longing  desires  without 
servation  of  altitudes,  &c.  But  as  this  some  further  taste  of  these  selected 
has  been  virtually  denied  by  Delambre  $,  dainties.  Happier  had  I  been  had  I 
vho  even  will  not  allow  that  he  ever  never  known  there  had  been  such  se- 
had  the  intention  of  applying  a  telescope  crets,  than  to  know  no  more  but  only 
to  his  sextant,  we  think  it  necessary  to  that  there  are  such.  Of  all  desires,  the 
put  before  the  reader  the  original  pas-  desire  of  knowledge  is  most  vehement, 
sages  from  the  correspondence  between  most  impatient ;  and  of  all  kinds  of 
Gascoyne  and  Crabtree,  from  the  Phi-  knowledge,  this  of  the  mathematics  af- 
lo9ophioal  Transactions  for  1717,  No.  fects  the  mind  with  the  most  intense 
352,  III.  In  a  letter  from  the  former  agitations.  I  doubt  not  but  you  can 
to  the  latter,  dated  25th  January,  1640-1 :  experimentally  witness  the  truth  hereof, 
after  speaking  of  his  micrometer,  which  and  one  time  or  other  have  been  no 
was  used  in  a  telescope,  he  says,  "  or  strangerto  such  tiioughts  as  mine.  And, 
if  here  a  hair  be  set,  that  it  appear  per-  therefore,  although  modesty  would  for- 
fectly  through  the  glass,  you  may  use  it  bid  me  to  request  any  thing  (until  you 
in  a  quadrant,  for  the  finding  of  the  give  me  leave)  but  what  you  please  vo- 
altitudie  of  the  least  star  visible  by  the  luntarily  to  impart,  yet  the  vehemence 

gerspective  wherein  it  is.    If  the  night  of  my  desire  forceth  me  to  let  you  know 

e  so  dark,  that  the  hair  or  the  pointers  how  much  I  desire,  and  how  highly  I 

of  the  scale  be  not  to  be  seen,  I  place  a  should  prize   anything  you  woiud   be 

candle  in  a  lanthorn,  so  as  it  cast  light  pleased  to  communicate  to  me  in  those 

sufficient  into  the  glass,  which  I  find  optick  practices.    Could  I  purchase  it 

— with  travel  or  procure  it  with  gold,  I 

l^^'^rberl'.l?^""^^^  y^^^ld  not  long  be  without  a  te&scope 

t  Long.  Sclent.,  p.  56.        ubw!,  pVzio.  for  observing  small  angles  in  the  hea- 

I  Afltron.  Mod.,  vol.  li.  p.  589.  vcns ;  nor  Want  the  use  of  your  other 
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devlot  of  ft  gfam  in'  a  eane  upon  the  the  instrument,  vhidi  was  moVeftble  on 

I        moT«ahle  ruler  of  your  sextant,  OS  I  re-  its  support,  was  placed  in  a  vertical 

member,  for  helpinff  to  the  exact  point  plane;  a  plumb-line  suspended  from  the 

I        of  the  sun*8  rays.     These  passages  will  centre,  showed  whether  the  lero  point  of 

I        probably  leave  no  doubt  in  the  mind  of  the  aro  was  exactly  below  it   When 

I       the    reader,  that  Gkwcoyne   had  con-  this  was  ascertained,  nothing  (Virther 

atrueted  and  used  sextants  fitted  with  was  to  be  done  than  to  point  the  move- 

1        teleseopes  for  the  purpose  of  measuring  able  radius  on  the  star,  and  read  off  on 

angular  distance  $  and  if  he  did  so,  he  the  graduated  limb   the  altitude.    If  it 

1       was  unquestionably  the  first.    That  his  were  wished  to  measure  the  distance  iM- 

t       discoTeries  were  not  published,  is  suf-  tween  two  stars,  two  pinnules,  one  at 

i        fioiently  explained  by  his  early  death  on  the  centre  and  one  at  the  zero  point, 

I        the  field  of   fc>attle,  and  the  political  were  substituted  for  the  plumb-line ;  the 

I       troubles  that  followed.   We  wish  to  rin-  instrument  was  placed  m  the  plane  of 

I        dicate  his  memory  without  diminishing  the  two  stars ;    one  observer  pointed 

the  well*eamed  reputation  of  Picard  and  upon  one  star  through  the  fixed  pinnules, 

I        Auxout,  who  could  have  known  nothing  the  other  through  the  pinnules  of  the 

of  Qascoyne  and  his  inventions.  moveable  radius  upon  the  other*.  Some 

,            It  may  be  necessary  to  observe,  that  in  ingenious  methods  had  been  introduced 

the  quadrants  used  by  the  older  astrono-  for  subdividing,  with  accuracy,  the  ^a- 

j        mers,  by  Tyclio  and  Hevelius,  the  move-  duated  limb  of  the  instrument.    Early 

j         able  radius  carried,  at  each  extremity,  in  the  sixteenth  century,  Pedro  Nufiex 

I        flat  pieces  of  metal  projecting  perpen-  or  Nonius,  had  proposed  the  following 

I         dicularly  to  Ihe  plane  of  the  limb,  and  method  of  subdividing  the  limb  of  an 

facing  towards  eaoh  other*.    Each  of  astrolabium: — On  the  surface  of  the  in- 

these  was  pierced  with  a  circular  aper-  strument,  supposed  to  be  a  perfect  plane, 

ture ;  a  very  small  one  in  that  near  the  he  traced  44  concentric  quadrants  ;  the 

^         eye,  and  one  something  larger  ih  the  external  one  was  divided  into  90  parts. 

,         other  t«    In  making  an  observation,  the  the  next  into  89,  the  next  into  88,  and 

radius  was  moved  till  the  star  was  seen  so  on, — the  innermost  conseciuently  into 

,         through  both  holes,  and  as  nearly  as  46.    The  altitude  of  any  object  having 

possible  in  the  oentre  of  the  larger*    Of  been  observed,  could  only  ebe  read  off 

bourse  measures  were  taken  to  ascer-  on  the  outermost  quadrant  to  de^ees : 

tain  that  the  line  joining  the  centres  of  iti  order  to  obtain  fractions  of  a  degree, 

the  two  .'  circular  apertures  mentioned,  he  proceeded  thus : — ^The  moveable  ra- 

was  parallel  to  the  plane  of  the  instru-  dius  is  petty  certain  to  intercept  some 

ment,  as  is  done  now  with  regard  to  the  one  of  the  concentric  quadrants  at  a  com-' 

optical  axis  of  the  telescope.     There  piete  division ;  read  off  the  number  of 

can  be  no  doubt  that  observations  might  parts  intercepted   on    that    quadrant; 

be  made  with  some  aceuracy  in  this  multiply  this  by  90,  and  divide  by  the 

way;  under  favourable  circumstances  number  of  parts  in  the  whole  quadrant  f 

and  with  a  good  observer,  the  error  this  will  give  you  the  altitude  to  frac- 

might  be  not  much  above  a  minute:  at  tions  of  a  degree -f.    Thus,  if  the  radius 

least  the  difference  was  always  less  than  intercept  exactly  23  parts  on  the  quad- 

this  between  the  observations  of  Heve-  rant  divided  into  87,  the  angle  mea- 

lius,  and  those  made  with  the  assistance  sured  will  be  82^.793 ;  the  fraction  is  ea- 

of  the  telescope  by  Halley,  for  the  ex-  sily  converted  into  minutes,  or  any  other 

press  purpose  of  comparison.  parts  of  a  degree  wished.    This  method 

The  form  of  these    ancient  instru-  is  ingenious,  but  offers  in  practice  se- 

ments  was  of  the  simplest  kind ;  they  vend  inconveniences,  which  caused  it  to 

consisted  merely  of   a  segment  of  a  be  soon  given  up  for  another,  the  author 

circle,  generally  a  sextant  or  a  qua"  of  which  is  not  known :  it  was  certainly 

drant,  of   several    feet  radius,    solidly  employed  by  Tycho  6rah£  2,  but  seems 

constructed  in  metsi;  a  radius,  move-  to  have  been  invented  some  time  before 

able  on  the  centre  of  the  circle,  carried — 

the    pinnules,  and  traced    out  with    its  •  a  good  detcrlptlon  of  the  InttnimenU  used  In 

extremity,  on  the  divided  limb,  the  arc  the«ixteenttianda«th*ifof  thewTenteenUicen. 

u  ^^ -1^  J  A      tar        'i.  •  turr.  may  be  fouod  in  Uie  llachlna  CoeletUsof 

It  was  wished  to  measure.    Were  it  in-  Heriuu..  Oedaoi,  i«7S. 

tended  to  observe  the  altitude  of  a  star,  t  Nonins  dc  crepuicuite.  Baaie,  ises.  p.aea. 

-^— — ^-^— ^— — ^— ^^—  t  De  ComeU  Anol  1877,  p.  8S.    Frankfort,  IS4S. 

*  These  were  usually  called  pinnulei.  For  an  account  of  the  different  pertons  to  whom 

f  Sometimes  the  pinnules  were  slit  loocitodl-  the  division  by  tnnsTsrsals  has  been  attributed, 

nally.    V.  Heyel.,  Ma^hliui  Colcitii,  c.  14.  tee  Lalande,  Astronomie,  Art.  2886,  «f  se^. 

F  2 
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it  WW  adopted  fagr  him.    It  consisted  in  The  diameter  of  the  ring  was  Found  bf 
drawing:  parallel  transverse  lines,  from  observinj?  how  long  a  star  took  to  cross 
each  of  the  points  of  division  on  the  the  field ;  then,  with  a  compass,   the 
limb  of  the  quadrant  at  any  given  angle,  different  breadths  of  the  slip  of  metal 
and  dividing  each  transversal  into  the  were  compared  with  the  diameter  of  the 
same  num^r  of  equal  parts ;  then,  by  ring.    Knowing  these  pretty  exaotly,  ft 
observing  the  point  at  which  the  alhidade  was  easy  to  find  to  which  of  them  the 
or  moveable  radius  cuts  any  one  of  these,  diameter  of  any  given  planet  was  equal, 
it  was  easy  to  determine  the  correspond-  Very  soon  afterwards  this  method  wras 
ing  fractional  part  of  the  space  between  modified  by  Malvasia  in  Italy,  who,  is 
two  divisions  on  the  limb.    If,  for  ex-  the  place  of  the  ring  and  slip  of  meta), 
ample,  the  limb  were  divided  from  de-  substituted  a  number  of  fine  threads, 
gree  to  degree,  and  the  transverse  lines  cutting  each  other  at  right  angles,  ani 
into  thirty  parts,  we  might  thus  read  off  thus  subdividing  the  field  into  a  number 
the  arc  to  two  minutes.    This  method  of  small  squares :  the  ratio  of  these 
has  been  finally  supplanted  by  the  Ver-  squares  to  the  field  being  known,  it  was 
nier,  an  instrument  first  made  known  to  easy  to  estimate  the  apparent  magnitude 
the  public  by  Pierre  Vernier,  the  in-  of  any  object  by  the  number  of  these 
yentor,  in  thie  year  1631.    It  is  unne-  subdivisions  that  it  occupied.     In  this 
cessary  to  explain  the  construction  of  an  form  of  the  instrument  Auzout  made 
object  in  such  general  use;  we  shall  an  inestimable  improvement,   by  sup- 
merely  remark,  that  the  original  Vernier  pressing  all  the  threads  but  two,  in  a 
differed  slightly  from  that  now  employed,  parallel  direction, — one  fixed,  the  other 
in  having  the  divisions  counted  in  a  con-  moveable,  and    susceptible   of    bein^ 
trary  direction  to  those  of  the  limb,  and  placed  by  a  screw  at  any  distance,  bot 
also,  from  having  the  number  of  divi-  always  remaining  parallel  to  the  first 
aions  less  by  one  than  the  corresponding  If  it  were  required  to  measure  the  ap- 
number  on  the  limb,  instead  of  exceed-  parent  diameter  of  a  planet,  one  limb 
ing  them   by  one,  as   thej  are   now  was  brought  into  contact  with  the  fixed 
usually  constructed*.  thread,  and  the  moveable  thread  placed 
The  invention  of  the  micrometer  is  so  as  just  to  touch  the  other  limb ;  the 
perhaps  not  inferior  in  importance  to  distance  between  these  two  threads  might 
the  application  of  the  telescope  to  the  always  be  compared  to  the  diameter  of 
quadrant.     This  instrument  was  first  the  field,  as  in  the  method  of  Huyghens; 
constructed  by  the  ingenious  and  unfor-  or  as  Auzout  himself  remarks,   by  a 
tunate  Gascoyne.      But  though  there  knowledge  of  the  focal  length  of  the  te- 
ean  k>e  no  doubt  about  this,  yet  as  it  re-  lescbpe,  and  the  distance  of  the  threads, 
mained  unknown  till  after  the  rediscovery  we  might  get  at  once  the  apparent  angle 
of  the  same  instrument  on  the  Continent,  under  which  the  body  is  seen  *, 
we  shall  defer  speaking  of  Gascoyne  till  This  invention  making  considerable 
we  have  considered  what  was  done  by  noise  in  Europe,  Mr.  Townley  ioserted 
Huyghens  t  and  Auzout    The  former  in  the  Philosophical  Transactions  for 
of  these  philosophers  led  the  way  by  1667 1,  some  account  of  a  micrometer 
observing,  that  anything  placed  in  the  by  Gascoyne,  which  he  explained  more 
interior  of  a  telescope,  at  the  focus  of  fully  in  a  subsequent  number}.    In  all 
the  object-glass  and  eye-glass,  was  mag-  the  essential  parts,  this  is  clearly  iden- 
nified  in  the  same  way  as  the  distant  tical  with  that  of  Auzout;  and  it  is  also 
body  on  which   the    instrument    was  to  be  remarked,  that  this  instrument  had 
pointed];.  At  this  focus,  then,  he  inserted  not  only  been  actually  constructed,  but 
mto  the  tube  a  circular  ring,  traversed  also  used  by  Gascoyne  for  measuring 
by  a  slip  of  metal  of  unequal  breadth,  the  diameters  of   the  moon,  Jupiter, 
• -.  Venus,  and  Mars  J.    There  can  be  no 

«  The  iDsirument  of  which  we  are  Fpeaking  hu  doubt    as  we  have  kipfnrp  afatpH    fh«»  i\%» 

been  often,  though  erroneously,  caU?d  NoSiu.;  J^,*  as  we  nave  Deiore  SlaleO,  UlStthe 

thitt  last  name  ha«  •till  more  frequently,  and  quite  ^ontmental  astronomers  knew  notbmg 

u  miatakeniy.  been  given  to  the  division  iiy  trans-  of  what  had  been  done  in  £nffland :  in 

Terse  lines;  the  real  Nonius  is  the  division  by  con-  ^«^»    «u^  r>^..^i    o      •   *        i»  t        j 

centric  arc^  of  circles.                            ^  f*ct,  the  Royal  Socicty  of  Loudon  was 

t  Christian  Huyghens  was  born  at  the  Hague  in  in  equal  ignorance  before  the  publication 

"fiT^tl''^u,r^,^i,,t».,,^o.  of  Mr.  Townley-s  Memoir.    Sotoh^l 

s'.*:i.usr^''d,:'unru"%rsr5f..fr^ri5  uV*"'^ '•^«^""' -^sc^^^ «!. ,«. ,. 

lengths.     This  combination  was  originally  ima-  ♦  No.  9&  n  A&T            f  w />  oo 

KIP,  rroD.  oo,  •te«lHlMortaCoel«rtfa,Tol.i.p.6. 
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Gkiscoyne  anticipated  the  French  disco^  other  contrivances  mijEcht  be  conceived 

varies,  that  he  had  even  suggested  the  to  be  adapted  to  it  for  the  same  purpose, 

application  of  the  micrometer  threads  to  The  second  difficuHy  it  must  be  con- 

the  telescope  of  the  quadrant,  an  im-  fessed  Galileo  never  fairly  overcame*  as 

provement  usually  referred  to  Louville,  he  talks  of  having  an  assistant  to^cive 

who  proposed  it  towards  the  beginning  the  pendulum  a  smart  push  from  time 

of  the  eighteenth  century.  to  time,  a  method,  the  inconvenience  of 

In  the  course  of  this  work  we  have  which  it  is  unnecessary  to  characterize. 

seen  the  various  contrivances  to  which  In   the   invention  of  Huyghens  this 

the   older  astronomers  were  forced  to  was  completely  and  elegantly  mastered. 

have  recourse,   from  the  want  of  any  To   understand  how  it  was  effected  it 

exact  method  of  measuring:  time.  Before  is  necessary  to  call  to  mind  the  manner 

Huyghens  no  clocks  were  constructed  in  which  in  previous  times  the  motion 

whose  rate  was  sufficiently  regular  to  of  clocks  was  regulated.    The  weight 

make    them    serve    for    astronomical  which  was  the  prime  mover  of  the  system 

purposes.     It  would  appear  that  the  was  connected  with  a  vertical  toothed 

Landgrave  of  Hesse  and  Tycho  made  wheel :  the  balance  was  a  vertical  arbor 

fruitless  attempts  to  procure  clocks  upon  with  two  pallets*,  carrying  a  cross  bar 

which  they  could  rely,   and  that  they  with  weights  at  top :  as  the  wheel  re- 

subsecjuently    abandoned    the  idea    in  volves,  imagine  the  upper  pallet  to  be- 

despair*.    They  determined  the  differ-  come  engaged  in  its  teeth,  the  balance  is 

ence  of  positions  at  night  by  taking  the  forced  to  revolve  till  the  opposite  pallet 

distances  to  two  known  fixed  stars :  if  it  becomes  engaged  belovr  against  the  per- 

were  wished  to  refer  them  to  the  sun,  pendicularsideof  a  tooth;  the  motion  of 

this  was  done  by  means  of  Venus,  as  the  balance  is  then  suddenly  checked, 

explained  in  a  preceding  chapter.    Gali-  and  it  is  forced  to  revolve  in  the  opposite 

leo  had  first   remarked  that  when  a  direction  till  stopped  a^^ain  by  the  upper 

pendulum  vibrates  in  a  small  circular  pallet '  At  each  of  these  turns  of  the 

arc,  the  oscillations    are  isochronous,  balance  the  weight  is  brought  to  rest: 

He  at  once  conceived  the  possibility  of  consequently  instead  of  descending  with 

applying  this  property  to  the  measure-  continually  accelerated  velocity,  it  moves 

ment  of  time,  and  the  improvement  of  as-  nearly  uniformly ;  and  by  the  common 

tronomical  observations.  But  to  the  use  mechanism  used  in  these    cases,  the 

of  the  simple  pendulum  in  this  way,  there  clock  may  be  made  to  indicate  the  num- 

were  two  principal  objections.  First,  that  ber  of  oscillations  of  the  balance,  which 

the  pendulum  kept  describing  smaller  and  evidently  must  always  be  of  nearly  equal 

smaller  arcs,  and,  finally,  came  to  rest :  duration.    However,  as  we  have  before 

secondly,  that  it  was  necessary  to  count  mentioned,  the  accuracy  of  these  clocks 

every  vibration,  a  process  manifestly  im-  was  not  sufficiently  great  for  astronom;^. 

possible  if  the  time  were  considerable,  Huyghens  had  the  happy  idea  of  substi- 

and  always  very  troublesome  and  inac-  tuting  for  the  old  balance,  a  pendulum, 

curate,    ^his  last  difficulty  Galileo  pro-  the  oscillations  of  which  being  necessa^ 

posed  to  remedy  by  a  contrivance  of  rily  isochronous,  the  beats  of  the  clock 

this  kind.    The  pendulum  was  to  carry  became  strictly  equidistant,  and  its  mo- 

a  delicate  needle  at  right  angles  to  its  tion    uniform.     To    understand    how 

axis,  which,  in  passing,  strikes  a  rod  fixed  Huyghens  adapted  the  pendulum  to  the 

at  one  end  and  with  the  other  resting  on  common'  clock,  we  must  suppose  the 

the  teeth  of  a  light  horizontal  wheel,  vertical  arbor  and  pallets  to  remain  as 

The  rod  being  forced  against  the  per-  before,  but  the  cross  bar  at  top  to  be 

pendicular  side  of  a  tooth  moves  it,  (and  taken  away  and  replaced  by  an  hori- 

consequently  the  whole  wheel,)  but  in  zontal  pinion  wheel.    The  pendulum  a 

returning  it  slips  over  the  oblique  side  little  below  its  point  of  suspension  passes 

and  fails  at  the  foot  of  the  following  through   a  horizontal   axis   connected 

tooth,  so  that  the  motion  is  always  in  with  a  vertical  rack  working  into  the 

one  direction.     The  number  of  teeth  pinion  we  have  mentioned.    The  oscil- 

passed  will  then  show  the  number  of  fations  of  the  pendulum  cause  the  axis 

vibrations  that  have  elapsed.    It  is  easy  and  rack  whecd  to  vibrate  with  them, 

to  see  that  an  index  might  he  attached  and  by  means  of  the  pinion  the  pallets 

to  the  axis  of  the  tooth  wheel,  like  the    — — 

second   hand   of   a  clock,    or    various  •  These  two  paUctt  are  placed  mm  to  engage, 

. — "  one  with  the  upper,  the  other  with  the  lower  ei- 

•  Pe.StelU  Not*.  Anal  »7l^  c  2,  p.  109.  tremity  or  the  toothed  wheel. 
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to  engftge  alternately  in  the  toothed  wheel  Pieard  had  been  the  flrat  to  see  the 

as  before*.  ▼antajres  of  .observations' made  exclu- 

Some  time  after  the  death  of  Galileo,  slvely  in  the  meridian;  and  to  propose  to 

«  a  very  unfounded  claim  was  raised  on  determine  difi^nces  of  ri^ht  ascension 

his  behalf  in  Italy*  to  the  invention  of  by  the  intervals  between  the  transits  m 

pendulum  clocks.    Count  Lorenzo  Ma-  a  telescope  attached  to  a  mural  quadrant 

galotti,  secretary  to  the  Accademia  del  in  that  plane.    In  this  way  the   right 

Cimento,  and  afterwards  Tuscan  minister  aseension  and  declination  misrht  l>e  found 

at  Vienna,  distinctly  attributed  this  im-  by  a  single  observation.     He  had  pre- 

provement  to  Ghilileo  and  his  son  Yin-  viously  ascertained  the  possibilitj    of 

cenzo.  But  the  letters  of  Galileo  himself  seeing  the  fixed  stars  and  planets  in  the 

are  sufficient  to  disprove  the  assertion ;  dav-time  in  the  field  of  a  telescope,  which 

it  is  quite  clear  from  them  what  his  indeed  had  been  done  l>efore  by  Morin ; 

clock  was,  and  how  much  it  differed  Morin^i  discovery,  however,  had   beezz 

from  the  pendulum  clock  of  Huyghens :  completely  forgotten  in  the  interval,  and 

of  this  the  reader  may  judge  m)m  the  Pieard  appears  to  have  known  nothiof^ 

description  we    have    given  of   iMth.  of  it.    But  from  some  causes,  which  we 

Galileo  had  proposed  to  employ  the  pen*  are  not  now  able  to  appreciate,  the  latter 

dulum  for  the  measurement  of  time,  this  was  unable  to  realize  his  intentions,  and 

is  undoubted :  it  seems  quite  as  certain  the  mural  quadrant  was  first  employed 

that  he  never  intended  to  substitute  it  for  in  the  observatory  at  Paris  by  his  sue- 

the  balance  of  an  ordinary  clock.    It  is  lessor  La  Hire'*.  In  the  mean  time  Pieard 

in  this  substitution  that  the  merit  of  employed  a  telescope  fixed  in  the  plane 

Huyghens  consistst.  of  the  meridian,  •*  lunette  murale,**  for 

llie transit instrumentwasthelast, and  the    observation   of   altitudes;    of  the 

eertainly  not  the  least  important  of  those  construction  of  this  instrument  we  are 

discoveries  which,  towards  the  end  of  the  ignorant,  it  seems  to  have  had   some 

seventeenth  century,  effected  a  complete  kind  of  graduation  attached  to  it.  as  he 

revolution  in  practical  astronomy.    It  is  was  able  to  measure  altitudes  l>etween 

not  our  intention  here  to  explain  the  con-  56°  and  61°.     Romer  the  friend  and 

struction  and  uses  of  an  object  so  well  assistant  of  Pieard,  in  attempting,  some 

known ;  we  shall  merely  remark,  that  this  years  afterwards    at    Copenhagen,    to 

and  the  clock  may  be  said  to  be  the  capital  improve  the  mural  quadrant,  fell  upon  a 

instruments  of  an  observatory.    Indeed,  construction  analagous  to  that  of  the 

with  these,  an  astronomer  might  almost  transit  instrument.    At  right  angles  to 

dispense  with  any  other.    The  transit  an  horizontal  metallic  cylindrical  axis  of 

placed  in  the  plane  of  the  meridian  gives  five  feet  long,  and  an  inch  and  a  half 

him  his  time;  in  the  prime  vertical,  his  thick,  he  fixed  a  telescope,  (revolving  in 

latitude.    In  the  former  plane  he  can  the  plane  of  the  meridian,)  not  however 

measure  the  differences  of  right  ascen-  in  the  middle,  but  nearly  at  one  end  of 

sion ;  in  the  latter  the  declinations  of  the  axis ;   the  extremities  of  the  latter 

starsj.    Olaus  Romer,  rendered  illustri-  rested    on  firm  supports  let  into  the 

ous  by  other  discoveries,  was  the  in-  wall,  resembling  the  modem  Y'a.    This 

ventor  of  this  invaluable  instrument},  axis  carried  besides  the  telescope,  and 

-~--         '      ;  rT~n    7,     Z towards  the  other  extremitv,   an  arm 

•  TBe  coiMtractlon  explaiaedby  Huygbenii  In    «»«««*•♦;«*»  .f  ..:«u*  .m»1«.   ikl  »-.4«^«,.-4. 

t)ie  HQroiogiuin  Osciiiatorium  is  an  improvement  P»^ojecting  at  right  angles,  the  extremity 
upon  that  given  In  ttie  text.  The  horizontal  axis  of  which  Carried  a  microscope,  and  cor- 
attached  to  the  pendulum  carries  two  pallet,  irhich    responded  to  the  segment  of  a  Circular 

Migafe  alternately  the  t«Hh  of  a  horiiontal  crown  «_*««    i        n     u   j°  *,      *u        «**' *^  ***•*• 

wheel,  carried  on  the  vertical  arbor  of  which  we  *"5  ttrmly  attacned    tO    the  Wall ;    thUS 

have  spoken :  the  pendulum  Is  suspended  by  a  affording  the  opportunity  of  measuring 

thread  of  some  Inches  length,  which  winds  and  an.  «ltitndp«  as  wpU  ».«  tWWmnnt^  of  ri«r»5 

winds  alternately  along  two  cycloidal  cheeks.  auHUaes,  as  weu  as  Olirerences  01  ngtil 

t  The  reader  who  feels  interested  in  this  discus-     asCCnSlon.       The     field     WaS     traversed 

t°^niu!lrit\Lllhi^lf!^^^  ^7  three  horizontal,    and  ten  vertical 

Cainburgh  PDllosopnieal  Journal,  vol,  vi.  p.  197.    *{:««-, j         u   *       •  i_  *_        •* 

The  question  is  also  well  stated  in  the  life  of  Ga-  tnrcads ;  OUT,  m  Observing  fransit«, 
liieo,  chap.  18.  The  invention  of  Huyghens  took   three  onlv  wcrc  uscd :  the  equatorial  in- 

plaeelntheyear  1657,V.Horolog.  Oseia.p.  1.  forwol   nf  «>io«o  ««•    *ia   <i<wwxm«1<>       Tt.* 

^  1  We  do  not  mean  to  say  that  this  would  be  a    :?^^~  ^^  *"®?®  ^^^    ^^  Seconds.      The 

good  method  of  determining  the  deciibations  of  threads  were  illuminated  by  a  concave 
uZ*:m^i!'^t}^.!^fS'uVlr:^S^iTt^  speeulum.  just  behind  the  object  glM., 

sUrs  that  had  not  some  northern  declination.  periOrateQ  in   the  centre.  With  the  COn- 

-.^?^oui'^?  A  ^""k'  "•u''"  **•'"  »«  i«4.  cavity  towards  the  eye>  which  reflected 

died  In  1710  at  Copenhagen:  be  was  a  membar  af  ' 

the  French  Academy  af  Beiaoees,  and  for  aonie     — — — ' 

time  was  attached  to  the  observatory  at  Paris.  *  In  the  year  1082. 
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the  light  from  a  lantern  OT«r  the  centre    Tented  by  Galileo  was  nbt  susceptible  of 
of  the  instrument,  the  upper  part  of  the    being  carried  to  any  great  perfection.  It 
tube  being  cut  away  to  give  a  free  pas-    would  hardly  be  possible  to  use  with 
sage  to  tm  rays.    The  microscope  was    this  construction  a  greater  magni^ng 
a  sort  of  vernier,  as  it  carried  in  the  field    power  than  from  30  to  40  times,  whioh 
eleven  divisions  by  threads  just  corre-    was  the  power  employed  by  the  original 
spending  to  ten  divisions  on  the  limb,    discoverer.    Kepler  seems  first  to  have 
The  construction  of  this  instrument  was    suggested  the  combination  of  two  convex 
afterwards  improved  upon  by  Romer  at    lenses,  which  constitutes  the  principle 
his  observatory  in  the  country.     The    of  the  astronomical  telescope :  but  there 
axis  of  this  second  instrument  was  com-    is  no  reason  for  believing  that  he  ever 
posed  of  two  equal  cones  joined  by  their    executed  an  instrument  of  this  descrip- 
bases ;  at  right  angles  to  the  axis,  and    tion.    However,  the  idea  was  soon  rea* 
at  one  extremity  of  it  was  a  circle  of  five    lized  by  other  astronomers ;  and  a  very 
feet  diameter,  carrying  a  telescope  of    great  improvement  in  the  power  of  the 
about  the  same  length :  the  graduation    telescope  was  the  consequence.  A  Nea*- 
of  this  circle  was  read  by  two  micro-    politan,  named  Fontana,  laid  claim  to 
scopes,  fixed  to  the  supporting  pillar,    the  honour  of  having  first  made  an  in* 
and  the  instrument  of  course  was  placed    strument  on  these  principles  in  the  year 
80  as  to  move  nearly  in  the  plane  of  the    1 608 ;  others  have  attributed  it  to  Father 
meridian.    In  this  form,  the  instrument    de  Rheita ;  but  Montuda  is  of  opinion 
bore  some  resemblance  to  the  circles    that  Scheiner,  the  author  of  the  Rosa 
lately  constructed  by  Reichenbach ;  its    Ursina,  was  the  first  who  reduced  to 
principal  difi^erence  from  them  consists    practice  the  theory  of  Kepler  *.    But, 
tn  the  telescope  not  being  placed  in  the    on  executing  these  telescopes  on  a  large 
middle  of  the  axis.     The  adjustments    scale  as  was  done  by  Campani    and 
were  made  in  the  manner  that  has  been    others  towards  the  latter  end  of  the  seven* 
followed  ever  since.    The  deviation  of    teenth  century,  it  was  found  necessary^ 
the  optical  axis  was  corrected  by  re-    in  obtaining  any  considerable  aperture, 
versing  the  instrument ;  the  deviation    to  give  the  object-glass  such  an  enor* 
from  the  meridian,  ascertained  by  transits    mous  focal  length,  as  to  make  the  instru* 
of  «  Lyne  above  and  l)elow  the  Pole :    ment  very  heavy  and  unmanageable.  To 
the  verticality  of  the  circle  was  observed    overcome  this  difficulty,  it  was  proposed 
with  the  plumb-line ;    and   hence  the    by  Huyghens  and  others,  to  suppress 
horizontality  of  the  axis  established.  All    altogether  the  tulie  of  the  telescope :  the 
these   adjustments  having  been   com-    object  glass  being  attached  to   some 
pleted,  Romer,  in  order  to  try  the  good-    solid  support,  the  observer  was  to  place 
ness  of  his  instrument,  proceeded  to    his  eye  in  the  focus,  and  there  magnify 
make  a  series  of  observations,  during    the  image  with  a  lens  or  combination  of 
three  consecutive  days,  the  excellence  of   lenses,  according  to  the  usual  method  t« 
which  was  the  most  satisfactory  proof  of   In  this  way  Huyghens  constructed  tele* 
his  success.    It  could  not  be  expected    scopes  upwards  of  a  hundred  feet  long« 
that  the  altitudes  should  be  given  by  this    The  difficulties  of  managing  such  an  in^ 
instrument  as  exactly  as  by  the  mural    strument  are  easy  to  conceive,  and  ap-* 
quadrant :    but  the  agreement  of  the    pear  to  us  at  the  present  day  almost  in* 
transits  is  really  very  remarkable,  the    surmountable ;  yet  that  they  were  over- 
mean  error  not  much  exceeding  half  a    come  by  patience  and  ingenuity  is  suffix 
second  of  time  *.  ciently  shown  bt  the  remarkable  diseo* 

veries  of  himself  and  Cassini.    The  ap« 

Chapter  XIV.  pearances  exhibited  by  Saturn  in  the 

Saium^t   Ring   and  Satellites — Huy-    telescope  had  been  inexplicable  to  Gh»* 

ghens — Caseini — Rotation    of  Jupi-   lileo  and  succeeding  observers.  A  variety 

ter,  MarSt  and  Venus — Refractions —    of  conjectures  had  been  thrown  out  on 

Parallax  of  ike  Sim — Zodiacal  Light    the  subject.      Roberval  imagined  th^ 

— Libration  of  the  Moon— Romer —    equator  of  Saturn  to  be  surrounded  by 

Successive  Transmission  of  Light,        a  mass  of  vapours  which  reflected  to  as 

The  telescope  in  the  form  originally  in-    the  solar  light :  Cassini  that  the  planet 

*  For  a Terv  detailed  accotmt  of  the  Infttraments  *  Vol.  111.  p.  284.    Tlie  Boea  Unlaa  of  Schaimf 

and  obtenratlont  of  Bomer.  see  the  work  of  his  was  ptiblUhed  In  1660. 

tupll  and  assistant,  Rorreoow,  entlUed  '  Basis  t  his  to  be  nodetsiood,  thai  thoogh  there  wm 

Astronomift,'  Copcohagen,  173S :  a  treatise  jetj  oo  tabe,  there  was  asadklaery ,  by  which  the  oMeei 

ioteresilBg  oa  auuiy  aMOimts  to  the  MCronomlcal  glass  could  be  tatsed  lo  «a  to  potnt  on  vof  object 

Ttadir.  reqolfed. 
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was  surrounded  by  a  string  of  satellites  number  to.five* :  nor  are  these  all,  for 
verjT  close  to  each  other.     Huyghens  in  later  times  Hersehel  has  added  two. 
having  observed  Saturn  carefully  with  a  The  satellite  of  Huyghens  is  the  sixth 
good  telescope,  perceived  the  real  nature  from  the  planet,  and  the  most  consider- 
of  the  appearances.  He  announced  that  able  of  any.    With  the  exception  of  the 
Saturn  was  surrounded  by  a  slender  seventh  they  all  appear  to  lie  in  the  plane 
plane    ring,   nowhere  adhering  to  its  of  the  ring.    Their  respective  times  of 
surface,  and  inclined  to  the  plane  of  the  revolution    are    roughly  twen(y>three 
ecliptic.      This  inclination    Huyghens  thirty-three,  forty-five,    and    sixty-five 
supposed  to  be  about  23° :  modem  ob-  hours :  four  and  a  half,  sixteen,  and 
servers  have  made  it  about  28° :  the  dis-  seventy-nine  days  f. 
tance  between  the  ring  and  the  p4anet  he        Cassini  X  of  whom  we  have  just  bees 
estimatedto  be  equaltothe  breadth  of  the  speaking  was  one  of  the  greatest  ob- 
ring,  which  is  about  one-third  of  the  servers  that  Europe  has  produced.    Te 
diameter  of  the  planet.    Whenever  the  him  we  owe  a  quantity  of  interesting  and 
plane  of  the  ring  produced  passes  ei-  important  facts  regarding  the  system  of 
ther  through  the  sun  or  through  the  which  we  form  a  part.  By  the  assidooni 
earth,  the   ring  will  disappear,  being  observation  of  spots  on  the  surface  of 
too  thin  to  reflect  any  sensible  quantity  Jupiter,  he  ascertained  that  this  plsnet 
of  light  from  its  ed^e.    But  in  other  revolves  on  an  axis  nearly  perpendicular 
positions,  particularly  when    the  earth  to  its  orbit  in  about  ten  hours.     In  a 
IS  90°  firom  the  nodes  of  the  ring,  it  similar  way  he  ascertained  that  Mars  re- 
becomes  extremely  distinct ;   the  blue  volved  in  about  twenty-four  hours  on  aa 
of  the  sky,  and  even  occasionally  small  axis,  like  that  of  Jupiter,  nearly  perpendi- 
stars,  being  beautifully  visible  between  cular  to  irs  orbit}.    The  observations  of 
it  and  the  planet.    The  gi-eat  improve-  spots  on  Venus  were  much  more  difficult, 
ment  of  telescopes  in  modem  times  has  for  when  this  planet  is  brisfhtest  she  is 
enabled  astronomers  to  add  some  facts  to  so  near  the  sun  as  to  make  it  almost 
those  discovered  by  Huyghens.    It  has  impossible  to  observe  her ;  and  when 
been  found   that  the   ring  is  double,  she  is  farthest  from  that  body  her  disk 
being   in  fact  composed  of  two  con-  is  dichotomized.  However,  Cassini  suc- 
centric  rings,  very  discernible  in  a  good  ceeded  in  discovering  that  the  rotation 
telescope :  the  breadth  of  the  exterior  took  place  nearly  in  twenty-four  hours 
being  rather  less  than  that  of  the  inte-  round  an  axis  very  much  inclined  to  the 
nor.    It  has  also  been  ascertained  that  ecliptic.    It  is  to  him  likewise  that  we 
the  ring  revolves  round  an  axis  per-  owe  the  first  observation  of  the  division 
pendicular  to  its  plane,   and    passing  in  Satum\s  ring ;  and  of  the  flattened 
through  thecentre  of  the  planet,  in  about  form  of  Jupiter's  disk;  he  determined 
ten  hours  and  a  half.    It  is  sufficiently  this  to  be  an  ellipse,  the  major  axis  of 
remarkable  that  this  is  the  period  in  which   corresponded    to  the    equator, 
vrhich  a  satellite,  assumed  to  be  at  a  and  was  to  the  minor  axis  in  the  ratio  of 
mean  distance  equal  to  the  mean  distance  1 5  to  1 4 1| .    We  shall  see  the  importance 
of  the  ring,  would  revolve  round  the  pri-  of  this  observation,  when  we  come  to 
marv  planet,  according  to  the  third  law  consider  the  figure  of  the  earth.    The 
of  Kepler.  importance  of  the  eclipses  of  Jupiter's 
The  attention  with  which  Huyghens  satellites  for  finding  terrestrial  longitudes 

watched  the  system  of  Saturn  was  re- ^ 

warded  by  a  second  discovery ;  that  of      *  ^^^  ^^  rAcad.  des  SdencM,  torn.  i.  pp.  im; 
a  satellite,  which  revolved  round  the       *iSti}?'    ^      #  «     ,. 

1        *.    •     li.       1  *^i.       •  .       .,  t  ThedUcoTeriet  of  Huvffbens  with  resmrd.  Co 

planet,  m  the  plane  of  the  ring,    in    the  Saturn  were  m«de  in  the  year  1654}  he  employed 

space    of    about     sixteen     days.       The  **«»«•«<>?«<»{  twenty-three  feet  in  length,  wiih  .a 

fanciful  notions  in  which  Kepler  and  s^yS^J^  sIturSIumr  h^^^^  found  i„  the 

others  had  indulged  so   much  were  not         t  Hewa8borniothecoantyofNice!nlGS&,  and 

yet  auite  exploded    and  Huyghen,  ven-  'ruli1^>XrJ"J^:L'^!^^t  h. 

tured  to   predict  that  there  could  be  no  The  EngUab  astronomer  Hook  has  a  claim  to  some 

more    satellites,  as   the  number  known  »J»«of  the  discovery  of  the  roution  of  Jupiter  and 

was  just  equal  to  that  of  the  primaiy  If^;  J!i\troV'c°;::i,Tbu"»LT°.^"S^ 

planets.     This  was  an  unfortunate  pre-  ">««  ^^^  complete ;  the  resuiu  at  which  Hook 

diction :  for  not  more  than  three  years  ■"*^"^**  ''*'^  "?f  **  ^,r'^S"**^'J®'*"<»»  ^'^ 

A      'i. J       /-I      '•■.,.  j^o*9  mere  approximations.  V.Phllosoph.Tranaact.Noa. 

after  it  was  made,  Cassini  discovered  a  l.  vill.andxlT.    For  the  dlscoTcriea  of  Caasinlon 

second,    and    8Ul>sequently  three    more  H*^  rotation  of  Joplter.    Venna,  and  Mara.  •«• 

wtellitcs.  thereby  cury^s  the  whole  '"?'?S?,tiJi^;':Mi 'uTt/^iS?' »"• 
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indttoed  Cassini  to  study  this  elegiat  deriation  observed  is  proportional  to  th« 
system  with  peculiar  attention.  He  de-  odd  powers  of  the  tangent  of  the  zenith 
termined  the  times  of  their  revolutions :  distance  of  the  star  from  which  it  pro-» 
be  shewed  that  all  moved  in  the  same  ceeds.  If  we  only  take  into  account 
plane  inclined  about  3^  to  the  orbit  of  the  two  first  terms  of  the  series,  two 
the  primary  planet,  and  fixed  the  longi*  observations  will  determine  their  two 
tude  of  the  intersection  of  these  planes,  coefficients,  and  then  every  thing  is 
He  succeeded  by  assiduous  observation  known  in  the  formula*.  The  form  of 
in  mastering  all  the  difficulties  of  their  the  series  shows  that  the  refraction  con- 
motions,  and  finaJly  published  exact  tinues  to  the  zenith, 
tables  of  their  motions  and  eclipses :  a  The  accurate  knowledge  of  refrac* 
present  equally  valuable  to  astronomers  tion  led  Cassini  to  correct  materially 
and  geographers  *•  the  generally  admitted  value  of  the  solar 
One  of  the  most  useful  of  the  labours  parallax.  This,  in  conformity  with  the 
of  this  eminent  astronomer  was  his  ideas  of  Kepler,  was  estimated  by  ^some 
great  improvement  of  the  existing  at  one  minute,  by  others  at  twelve 
tables  of  refractions.  Many  errone-  seconds,  a  quantity  almost  inappreciable 
ous  theories  existed  at  that  time  upon  in  the  state  of  astronomy  at  that  time, 
the  extent  and  laws  of  this  phenomenon.  Cassini  having  satisfied  himself  that 
Most  astronomers  supposed  that  the  the  refraction  was  the  same  for  the  sun 
refractions  did  not  extend  beyond  45°  of  and  the  fixed  stars,  and  perceiving  that 
altitude :  that  the  absolute  quantity  was  a  parallax  of  one  minute  could  not  be 
different  for  different  celestial  l)odies.  made  to  accord  with  his  tables  of  refrae- 
These  ideas  had  been  combated  by  tion,  adopted  the  opinion  of  those  who 
Kepler,  but  the  scientific  world  was  made  it  nearly  insensible.  Butnotsatis* 
still  undecided.  The  table  of  refrac-  fied  unless  he  could  ascertain  its  exact 
tions  given  by  Tycho  was  purely  em-  magnitude,  however  small,  he  proposed 

girical :    that  of   Kepler  was,  as    we  a  method  of  considerable  ingenuity  for 

ave  seen,  founded  upon  an  erroneous  its  determination.    The  principle  of  it  it 

law.  The  method  adopted  by  the  former  this :  if  we  know  the  parallax  and  appa- 

was  to  observe  a  great  quantity  of  dif-  rent  semidiameter  of  any  one  planet,  its 

/erentaltitudesofthe  sun  and  fixed  stars,  distance  and  magnitude  maybe  easily 

and  to  compare  these  with  the  altitudes  deduced ;   and  knowing  this  distance, 

calculated  from  a  knowledge  of  their  that  of  any  other  may  be  found  by  the 

true  places.     The  differences  gave  the  third  law  of  Kepler.     Cassini  proposed 

effect  of  the  refraction  for  each  degree  then  to  begin  by  determining;  toe  paral- 

of  altitude.     But  the   instruments  of  lax  of  Mars.    Mathematically  speaking, 

Tycho  were  as  we  have  seen  extremely  this  may  be  done  by  a  single  observer 

imperfect ;  and  with  them  he  was  quite  without  quitting  the  same  spot,  by  ob- 

unable  to  appreciate  the  small  refractions  serving  the  planet  when  on  t  he  meridian, 

within  450  of  zenith  distance.    The  im-  and  also  when  but  little  above  the  hori- 

portant  discovery  of  Willebrord  Snell,  zon.    But  there  are  practical  difficulties 

that  when  a  ray  of  light  passes  from  in  this,  arising  from  the  uncertainty  and 

one  medium  to  another,  the  sine  of  the  magnitude  of  the  refraction  at  low  alti- 

angle  of  incidence  bears  a  constant  ratio  tudes,  and  Uie  smallness  of  the  parallax 

to  the  sine  of  the  angle  of  the  refraction,  sought.  A  better  way  is  for  two  observers* 

enabled  Cassini  to  construct  tables  on  under  very  different  latitudes,  to  deter- 

a  more    scientific  principle  than  had  mine  simultaneously,   the   position    of 

hitherto  been  followed.    To  determine  Mars;  for  example,  by  comparing  his 

the  constants  of  the  problem,  he  took  the  place  with  that  of  a  known  fixed  star.  To 

refractions  found  by  observation  at  two  effect  this.  Richer,  a  member  of  the  Aca- 

given  altitudes,  namely  at  the  horizon,  demyof  Sciences,  was  sent  to  Cayenne  t» 

and    at    80°  of    zenith  distance.     The  but  owing  to  the  imperfect  means  of  ob- 

former  he  found  32'  20"  the  latter  6'  28^  servation  then  existing,  all  he  could  asoer- 

Knowing  then  the  law  and  the  absolute  tain  was,  that  the  pandlax  of  Mars  was 

valuesforthese  two  altitudes  he  was  en-  insensible.    This,  however,  was  some- 

abled  to  determine  the  quantity  of  refrac-  thing  gained,  as  giving  a  limit  which  the 

tion  foranyotherdegreeof  zenith  distance,  parallax  of  the  sun  could  not  exci«d. 

It  is  easy  to  deduce  from  the  theorem  of 

Snell,  that  a  ray  of  light  entering  our  v^JSlf  "£?*?!!•  ?f.ifi*'"/^*  *[°'''*'S!  I'"'*."  • 

4       '    .                  •   ii  ^  J  ^1 4.  au    .  l  1  Imowiedi©  of  the  holtnde  IdtoItm  that  of  tht 

atmosphere  is  so  mflected,  that  the  whole  rolracdoa,UM  proUcm  tonaUy  iBdotermlaate. 

■             —  i  Anno  1S7I.    Y.  Hist,  de  VActA,  d««Sclciictt, 

*  Ptrl«,  IMa.  tome  U,  p.  ISS. 


M                             HISTORY  OF  ASTRONOMY. 

For  if  that  of  Mftrs  hftd  amounted  to  to  imaeine  that  thi^  plienomenon  indi- 
tnueh  above  a  quarter  of  a  minute,  it  eated  the  existence  of  a  solar  atmosphere 
would  have  been  perceptible ;  estimating  of  very  rare  and  luminous  matter  aad 
it,  then,  at  25",  it  followed  that  the  solar  immense  extent,  since  it  reaches  far  be- 
parallax  cduld  not  exceed  1 0''.  This  was  vond  the  orbit  of  Venus,  and  even  per- 
a  great  step  made  in  the  knowledge  of  naps  as  far  as  the  earth.    There  are, 
our  system,  and  showed  that  the  sun  was  however,  difficulties  in  this  explanation, 
at  the  distance  of  at  least  22326  semi-  which  have  caused  it  to  be  rejected  by 
diameters  of   the  earth  removed  from  La  Place  *  the  subject  is  one  of  those 
our  planet.    It  is  curious  to  trace  the  regarding  which  we  must  be  oompeUad 
progress  of  our  knowledge  on  this  inte-  to  confess  our  ignorance, 
resting  point.     Aristarchus  began  by  Finally,  Cassini  has  the  honour  of 
proving  that  the  sun  was  nineteen  times  having  completed   the   theory  of  the 
more  distant  from  us  than  the  moon :  moon*s  libration.  Galileo  had  explained 
this  determination  seems  to  have  been  the  diurnal  libration,  and  that  in  latitude, 
admitted  by  Ptolemy  and  Tycho  Brah^,  Hevelius  had  led  the  way  in  explaining  the 
who  made  the  sun*s  parallax  three  mi*  libration  in  longitude,  by  observing^  that 
nutes  2  Kepler  reduced  it  to  one  minute,  the  moon  always  presented  the  same  face 
and  Cassini  to  10" :  astronomers  of  the  to  the  centre  of  her  orbit,  and  not  to  the 
nresent  day  only  admit  between  8''  and  earth,  which  is  in  thefoousof  the  eUipscb 
9'',  corresponding  to  a  distance  of  about  This  Newton  showed  to  be  equivalent 
ninety-five  millions  of  miles.    The  com-  with  supposing  her  rotation  on  her  axis 
parison  of  the  apparent  semidiameter  to  be  uniform,  while  her  motion  round 
ihows  the  radius  of  the  sun  to  be  more  the  earth  was  unequal*    Lastly,  Cassini 
than  a  hundred  times  that  of  the  earth,  showed  that  the  axis  of  rotation  vras  not 
Were  the  centre  of  the  former  supposed  perpendicular  to  the  ecliptic,  but  slightly 
to  coincide  with  the  centre  of  the  latter,  melined,  and  that  the  nodes  of  the  lunar 
the  8un*s  external  circumference  would  equator  always  coincided  with  those  of 
reach  half  as  far  again  as  the  orbit  of  the  orbit.    This  explained  satisfactorily 
the  moon.    We  shall  perhaps  form  the  what  had  been  before  observed,  that  the 
best  idea  of  the  relative  macpitudes  and  period  of  the  inequalities  of  the  libra* 
distance  of  these  two  bodies,  by  con-  tion  coincided  with  the  revolution  of  the 
f  idering  that  if  the  former  be  represented  nodes  of  the  orbit, 
by  a  globe  of  nine  inches  diameter,  the  This  long  list  of  discoveries  sufficiently 
latter  must  be  a  globule  of  one-twelfth  shews  Cassini  to  have  been  one  of  the 
of  an  inch  in  diameter,  revolving  round  greatest  observers  who  have  ever  exist* 
the  former  at  the  distance  of  seventy- five  ed :  perhaps  in  this  respect  he  is  second 
feet.  only  to  HerscheL  Yet  we  must  confess 
There  is  a  curious  phenomenon  con-  with  Delambre,  that  he  has  been  in 
ilected  with  the   sun,  first  noticed  by  France  the  object  of  exaggerated  eulo- 
Cassini  in  the  year  1663^.    It  consists  gium;  and  several  astronomers,  whose 
in  a  pale  light,  very  much  resembling  in  labours  were  of  a  nature  less  generally 
appearance  the  tail  of  a  comet,  which  is  appreciated,  have  in  reality  done  more 
occasionally  visible  towards  the  time  of  fbr  the  advancement  of  science.    The 
the  equinox,  extending  a  considerable  observer  who  has  devoted  himself  to 
way  along  the  zodiac,  whence  it  has  re-  forming  a  catalogue  of  the  fixed  stars, 
ceived  the  name  of  zodiacal  light.    The  or  the  correction  of  the  solar,  lunar,  and 
•mallest  stars  are  visible  through  it;  planetary  tables,  if  he  succeeds  in  his  ob- 
its form  may  be  compared  to  that  of  a  ject,  has  rendered  a  more  essential  ser- 
cone  whose  base  is  the  diameter  of  the  y'lce  than  he  who  has  added  to  the  num- 
sun.    It  does  not  always  appear  with  berof  satellites  of  Saturn,  or  taught  us 
equal  brightness  ;  in  many  years  it  is  the  rotation  of  the  planets  on  their  axes, 
altogether  invisible ;  and  it  would  seem  Yet  the  latter  will  enjoy  a  popular  repu- 
that  it  disappears  when  the  spots  on  tat  ion,  for  which  the  former  must  not 
the  solar  surface  are  least  numerouse  hope,  contented  to  be  properly  appre* 
The  zodiacal  light  is  not  rigorously  pa-  ciated  by  the  scientific  few. 
rallel  to  the  ecHptic,  but  rather  to  that  We  must  now  revert  to  Romer,  whose 
of  the  solar  equator,  which  is  somewhat  invention  of  the  transit  instrument  we 
inclined  to  the  former.  Putting  all  these  have  before  noticed.    But  it  is  by  a  dis- 
circumstances  together,  Cassini  was  led  coveiy  of  higher  importance  0iat  his 

— name  is  immortalized.    It  required  a 

•  Mtei.  de  i*Acad.to&.,YUi.»p.  132.  genius  of  no  common  (»der  to  detect  the 
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ifit«rval  of  tiiii«  oodupied  hf  light  In  tni*  was  far  from  baing  tha  oiaa ;  It  waa  not 

r  veraing  the  planetary  orbita )  or  aten  to  admitted  even  by  the  great  Caafiini )  il 

/  oonoeive  the  poasibibty  that  itatranamis*  waa  spoken  of  by  tha  acute  Fontenella 

t  alon  was  not  instantaneous.    This  bold  aa  a  seduotive  error :   and  though  tha 

I  idea  was  not  the  result  of  a  mere  fanciful  truth  ultimately  overcame  aU  opposi-* 

speculation,  like  those  which  so  often  led  tion,  it  remained  sterile  till  the  beautiftU 

Kepler  to  stumble  upon  a  sublime  truth,  application  of  it  made  by  the  immortal 

V  aoid  so  often  to  plunge  into  the  wildest  Bradley** 

errors  •  it  was  founded  upon  a  series  of  p  -y^. 

J  careAil  and  systematic  obserrationa  j  and  v^haptbr  ay  , 

Romer  deserves  equal  credit  for  his  assi«  Pioard^Meoiure  of  a  Degree — Length 
f  duity  in  following  the  phenomena,  and  qf  the  Pendulum — Richer— Huyghme 
,  his  acuteness  in  generaJiaing  from  them*  — Figure  of  the  Earth — FlametetkL^ 
r  Careful  observation  of  the  eclipses  of  HaUey — Traneii  of  Venue-'Theory 
]             Jupiter*s  satellites,  and  more  partico*       of  the  Moon — Orbile  of  Comets. 

larly  of  the  first,  led  him  to  remark,  that  m       14,       i    ±  ^  . 

sometimes  these  eclipses  occurred  from  ™,?"«"Pj«^to  measure  a  degree  by 

ten  to  twelve  minutes  later  than  waa  Sn«ll»««  and  Riccioli,  though  conducted 

indicated  in  the  tables  of  Cassini,  while  ^{J  scientific  principles,  had  left  much 

at  other  times  no  such  retardation  waa  f^scunty  on  the  interesting  question  of 

perceptible.  The  quantity  of  this  retard*.  Jhe  naagnitude  of  the  earth.    The  sub. 

Son  was  feund  to  be  constant  for  the  J^/^L'^^^I^^u^S^^/  ""^  *^®  attentioa 

same  time,  and  to  be  the  same  for  all  ^'^*^!u^  .  Academy  of  Sciences, 

the  four  sateUites.    It  could  not,  then,  *"d    they    determined    to   repeat    the 

depend  upon  the    inequalities   of  the  measurement,    with   all  the    accuracy 

motions  of  these  satellites;  nor  even  "^T^  u      ^T"*  improvemenU  in  tha 

upon  that  of  Jupiter,  for  these  would  *f  *  ^\  observation  enabled  them  to  as. 

affect  differently  the  'different  satellites.  5*^^  ^^;,  '^^^  V^J?^^  selected  (o  con^ 

The  cause  then  bemg  extraneous  to  ^uct    the    operations  w^  Picard,    of 

Jupiter  and  his  system.  Homer  endea-  "f}'^^  mention  has  already  been  made 

voured  to  ascertain  upon  what  other  *«  spfaking  of  the  micrometer,  and  tha 

eircumstances  the  feet  could  depend.  In  adaptation  of  telescopes  to  astronomical 

this  he  was  led  to  the  fortunate  remark  in^l'ljnjf nts.    The  cwre  and  skill  with 

that  the  retardation  was  the  gieatest  Yl      ^^.f^f^^^  this  very  important 

when  Jupiter  was   farthest  from  tha  futy,  merits  for  him  a  high  place  among; 

earth,  and  that  its  period  varied  with  {"®  astronomers  of  the  seventeenth  cen. 
the  distance  of  the  planet.    We  can  thus       Xi       .    .  ,     -  ^, . 

see  the  train  of  ideas  that  guided  him  to  .   The  principle  of  this  measure  was,  it 

the  theory  of  the  successive  propagation  ^  hardly  neceisary  to  say.  exactly  tha 

of  li^ht;   for  what  other  caua7  could  same  m  that  of  Sndlius;  to  connect  two 

make  the  eclipses  occur  later  as  Jupiter  P^**^**  ?y.*  series  of  triangles,  and  thua 

receded  ft-om  us  ?    The  eclipse  is  deter-  »scertaming  the  length  of  the  arc  of  1^ 

mined  by  the  satellite  entering  the  cone  mendian  intercepted  between  them,  to 

of  shadow  cast  by  the  primary  planet,  compare  it  with  the  difference  of  latitudea 

The  position  of  this  cone  and  of  the  satel-  '^^V"^      °  ^T^^Yf^  observations.    Tha 

lite  at  a  given  moment  evidently  cannot  ey»;«me  .points  of  the  arc  of  Picard  were 

depend  upon  the  distance  to  the  earths  Malvoisine  m  the  vicinity  of  Paris,  and 

there  is,  then,  nothing  left  for  us  but  to  r^'*'"*^^",^®^''  ^^'??»-   *he  base  waa 

suppose  that  we  see  them  later  when  wa  m«fsured  between  Viile- Juif  and  Juvisy, 

ar^ferther  removed;  or  that  light  [is  wd  found  to  amount  to  6663  French 

not  transmitted  instantaneously,  butsue-  J?^®"'    ^  V   u  ^^    ^^  *^®  .observa. 

cessively.    The  time  taken  by  it  to  tra-  "°"*'  ^f^^^  ^e,  of  3902  toises,  waa 

verse  the  diameter  of  the  earth's  orbit  f  «*sured  near  Sourdon.  and  its  length 

was  estimated  by  RSmer  first  at  eleven  f  ""d  to  agree  with  that  deduced  from 

and  then  at  fourteen  minutes:  modem  calculation.    The  difference  of  latitudes 

asbxmomers  have  fixed  it  at  sixteen  mi-  J"  determined  by  observing  the  aenith 

nutes  and  a  quarter.    It  is  remarkabia  f^^T"  uKl  P.^Vn'^'^C   ^^^»    '^»< 

that  an  explanation  so  simple  and  beau*  ^^^"^  ^^^^    ^  ^  ^^''    The  arc  of  the 

tiful  of  a  phenomenon  at  first  sight  so ■ 

perplexing  should  not  have  extorted  at  ^  *  ^?®i!!  ^^^^^!^TJft  ■«>nonnced  to  the  am. 

an<^  general  assent  and  eulogy.  But  this  SiVp'sS!"'^  *"  ^•^^-  ^'  "*'*•  ^*  *'^«^ 
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terrestrial  meridian  Mween  the  two  was  make  it  impracticable.   The  advantage 
68430  toises,  giving  for  the  length  of  the  of  an  invariable  physical  standard,   sus- 
degree  57064  toises.    But  the  system  of  ceptible  of  being  verified^  or  recovered 
triangles  having  been  subsequently  ex-  if  lost,  is  so  great  as  to  have  engaged 
tended  to  Amiens,  and  the  latitude  ob-  the  attention  of  the  most  enlig^htened 
served  there,  the  length  of  the  degree  governments  in  Europe  for  some  time 
was  found  to  be  57067 ;  and  by  a  mean  past:  and  no  standard  seems,    on  the 
between  this  and    the  former,   57060  whole,  better  to  satisfy  the  conditions 
toises*.    If  the  arc  of  Snellius  was  the  required  than  the  seconds  pendulum. 
first  that  was  measured  upon  scientific  But  on  this  point  we  shall  have  more  to 
principles,  that  of  Picard  was  the  first  say  in  a  subsequent  part  of  this  treatise. 
that  was  executed  with  suflScient  accu-        In  the  preceding  chapter  it  was  men- 
racy  in  the  details,  to  bear  a  comparison  tioned  that  Richer  had  been   sent  to 
with  modem  determinations  of  the  same  Cayenne  to  observe   the   parallax   of 
kind.    It  involved  however  two  small  Mars.    While  engaged  with  these  obser- 
errors,  which  fortunately  were  of  such  vations,  an  unexpected  phenomenon  pre- 
a  nature  as  to  compensate  each  other,  sented  itself  to  his  notice*.    The  pen- 
Though  the  base  had  been  measured  dulum  that  he  used  made,  in  the  course 
twice  over,  and  the  difference  between  of  twenty-four  hours,  148  vibrations  less 
the  two  measurements  only  amounted  to  than  it  had  done  at  Paris.  Yet  its  length 
two  feet ;  yet  it  was  found  by  Clairault  remained  unaltered ;  and  it  was   found 
and  Maupertuis.  who  verified  the  opera-  necessary  to  shotten  it,  at  least  one  line 
tions  of  Picard  in  the  next  century,  that  and  a  quarter,  to  make  it  beat  seconds,  as 
an  error  of  six  toises  had  been  committed  it  had  done  at  Paris.  Picard  had  alrea^ 
on  this  length.    Again,  in  determining  perceived  that  a  difference  of  tempera- 
the  latitudes,  no  allowance  was  made  tuie,  by  causing  the  metal  to  expand  or 
for  the  aberration  of  the  fixed  stars,  a  contract,  would  affect  the  duration  of  an 
phenomenon  at  that  time  unknown;  but  oscillation;  but  it  was  not  possible  to 
this  error  fortunately  acted  in  a  contrary  explain  from  this  cause  the  phenomenon 
direction  to  the  former.    This  operation  observed  by  Richer.    For  the  change  of 
of  Picard  is  interesting,  among  other  temperature  in  this  case  could  not  at  the 
reasons,  for  having  been  the  first  in  utmost  have  affected  the  pendulum  more 
which  instruments  furnished  with  tele-  than  the  third  of  aline.   It  was  impossi- 
scopes  were  employed.    The  terrestrial  ble  then  to  assign  any  cause  for  the  fact, 
angles  were  measured  with  a  quadrant  which  observations,  carried  on  during 
of  38  inches  radius;  the  zenith  dis-  ten  months,  had  indisputably  established, 
tances  with  a  sextant  of  ten  feet  radius,  except  the  diminution  of  gravity  towards 
both  fitted  with  telescopest*    A  novel  the  equator.    The  cause  of  this  diminu- 
and  excellent  part  of  the  operation  of  tion  was  perceived  bv  Newton  and  by 
Picard,  consisted   in    comparing    the  Huyghens.  We  shall  defer  giving  any  ac- 
length  of  the  toise  he  made  use  of,  with  count  of  the  explanation  of  the  former 
that  of  the  pendulum  beating  seconds  of  till  we  come  to  consider  his  theory  of  uni- 
timeatParis.    The  length  of  this  pen-  versal  gravitation.  The  reasoning  of  the 
dulum  was  found  to  be  36  inches  8i  Imes,  latter  was  founded  on  his  own  theorems 
the  toise  being  supposed  to  contain  six  reg;arding  centrifugal  force.  Without  en- 
feet.    The  determination  of  the  length  tering  into  geometrical  details,  the  nature 
of  the  seconds  pendulum  is  so  very  deli-  of  his  theory  may  be  thus  briefly  con- 
cate  an  operation,  that  perhaps  no  great  ceived : — Supposmg  the  earth  spherical, 
reliance  is  to  be  placed  upon  the  mea-  and  to  have  a  motion  of  rotation  on  its 
sure  of  Picard,  but  the  idea  is  in  the  axis,  the  centrifugal  forces  which  act  on 
highest  degree  philosophical,  and  has  different  points  of  the  surface,  will  be 
received  a  splendid  extension  in  later  different,  according  to  the  velocity  with 
times.  Mouton  first  proposed  the  length  which  they  revolve  in  their  different  cir- 
of  the  pendulum  as  a  standard  measure,  cles.    A  body  at  the  equator  revolves 
but  he  complicated  the  idea  so  much  by  with  the  greatest  velocity,  and  the  cen- 
connecting  it  with  the  erroneous  meastu'e  trifugal  force  soliciting  it  is  the  greatest ; 
of  a  degree  taken  from  Riccioli,  as  to  at  the  latitude  45°,  both  the  velocity  and 
the  centrifugal  force  are  much  less;  at 


*  Equal  to  122943  English  vards. 
t  For  Plc«rd*8  account  of  hit  operations,  set  M^ 
nolres  de  TApad,  des  Sciences,  torn.  viii. 
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the  ^ok  the  body  btmmoTeable,  and  the  the  half  would  be  y),.    The  ratio  in 

force  vanishes.     Also  the  centrifugal  question  then  which  is  the  ratio  of  the 

force  acts  in  the  plane  of  the  circle  in  two  semi-axes,  is  578  :  577.    Though 

iwhieh  the  body  revolves,  gravity  in  the  subseauent  observation  has  fully  esta- 

direction  of  the  centre  of  the  sphere;  the  blished  the  spheroidal  figure  of  the  earth, 

compound  force  resulting  from  these  two  it  has  made  the  difference  of  the  axea 

-will  then  not  tend  to  the  centre,  except  much  greater.   Yet  these  earljr  attempts 

under  the  equator  or  the  pole.    The  di-  to  determine  theoretically  this  important 

rection  of  the  compound  force  must  be  question  are  too  interesting  to  be  passed 

perpendicular  to  the  earth's  surface  at  over  without  notice. 

every  given  point ;  for  the  fall  of  heavy  The  foundation  of  the  Royal  Observa* 

bodies  must  take  place  in  this  direction,  tory  at  Greenwich,  in  the  year  1 675,  has 

«id  the  surfaces  of  fluids  at  rest  be  per-  been  alreadv  mentioned.    The  first  per« 

Sendicular  to  it.  But  since  this  force  son  upon  whom  the  office  of  astronomer 
oes  not  tend  to  the  surface  of  the  sphere,  at  this  observatory  was  conferred  was 
and  yet  the  earth's  surface  must  be  John  Flamstead,  who  had  already  dis- 
perpendicular  to  it,  the  earth  cannot  tinguished  himself  by  two  small  but  ex* 
be  a  sphere.  Under  the  equator  the  cellent  Treatises  on  the  Equation  of 
whole  centrifusi:al  force  goes  to  diminish  Time,  and  the  Lunar  Theory,  which  were 
gravity,  and  this  force  is,  at  the  same  published  with  the  posthumous  works  of 
time,  at  its  maximum ;  at  any  other  Horrox.  It  may  justly  be  a  matter  of 
place  it  is  only  a  certain  resolved  part  surprise,  that  the  subject  of  the  equation 
of  the  force  in  question,  which  coun-  of  time  should  not  have  been  completely 
teracts  gravity,  and  this  force  also  dimi-  understood  by  the  astronomers  of  Mo- 
nishes  towards  the  Pole.  We  see  then  dem  Europe,  long  before  the  work  of 
tiie  reason  of  the  diminution  of  gravity  Flamstead  appeared.  Yet  such  seems 
from  the  Pole  to  the  equator :  a  dimi-  not  to  have  been  the  case.  Kepler  had 
nution  which  Huyghens  from  theory  perceived,  as  indeed  Hipparchus  had 
estimated  at  fifth  part  of  the  whole,  done  before  him,  that  this  equation  was 
He  proceeded  to  determine  from  theory  composed  of  two  parts,  the  one  resulting 
the  ratio  of  the  equatorial  to  the  po-  from  the  reduction  to  the  equator  of  th« 
lar  semi-axis*.  Following  the  exam-  sun*s  path  in  the  ecliptic,  the  other  from 
ide  of  Newton,  he  supposed  two  cy-  the  inequality  of  the  sun*s  motion  in  his 
Undrical  canals,  reaching  from  the  orbit :  but  to  these  he  had  added  a  third. 
centre  of  the  earth,  the  one  to  the  pole,  which  had  no  real  existence, — a  pre- 
the  other  to  the  equator.  These  tended  acceleration  of  the  earth*s  rota- 
canals  he  supposed  filled  with  water;  tion  on  its  axis.  Tycho  had  only  admitted 
and  it  is  evident  that  they  must  be  in  the  first  part  of  the  equation;  and  the 
a  state  of  equilibrium.  The  quan-  opinions  of  scientific  men  were  stiU 
tity  by  which  the  weight  of  the  equato-  divided,  when  the  treatise  of  Flamstead 
rial  branch  is  diminished,  is  equal  to  half  first  put  the  question  in  its  proper  light, 
the  product  of  the  length  of  this  branch  The  numerous  lunar  inequalities  have,  in 
iiito  the  centrifugal  force.  The  whole  cdl  times,  given  much  trouble  to  astro- 
weight  of  thin  branch  then  will  equal  the  nomers.  Besides  the  inequality  depend- 
product  of  the  absolute  gravity  into  its  ing  upon  the  eccentricity  of  the  orbit, 
length,  minus  hidf  the  product  of  this  Ptolemy  had  discovered  another,  the 
length  into  the  centrifugal  force.  This  Evection,  which  appeared  to  be  connect- 
must  equal  the  weight  of  the  polar  ed  with  the  eccentricity,  and  which  he 
branch,  which  is  represented  by  the  pro-  attempted  to  represent  in  the  way  that 
duct  of  its  length  into  the  absolute  gra^  we  have  seen  in  a  preceding  part  of  this 
vity.  Equating  these  two  expressions,  treatise.  Horrox,  with  great  sagacity, 
we  get  the  ratio  of  the  length  of  the  Perceived  that  it  depended  upon  a  perio- 
equatorial  to  the  polar  branch,  or  which  dical  change  of  the  eccentricity  of  the 
is  the  same,  of  the  length  of  the  equa-  lun&r  orbit.  To  represent  this,  he  sup- 
torial  to  the  polar  axis  of  the  earth.  This  posed  the  centre  of  the  lunar  ellipse  to 
ratio  is  that  of  the  absolute  gravity,  to  revolve  in  a  small  circle,  the  earth  re- 
the  same  diminished  by  half  the  centri-  maining  always  in  the  focus,  ^he  least 
fugal  force.  But  Huyghens  had  found  distance  of  the  centre  from  the  earth 
before  the  centrifugal  force  at  the  gave  the  first  inequality  alone,  the  great- 
equator  equal  to  f  hth  part  of  gravity :  ^^t  gave  this  inequality  increased  by  the 

^ — ___ .  whole  evection.    In  detecting  thecon* 

•  Df  Ti  orftTiuui,  1^.  nection  between  these  two  inequalitiesi 
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Honrox  shoWed  trett  siffaeity  * ;  and  with  his  muni  inftraoleMOuid  Oum  tnf 

Flurtstead  adopted  the  theory  in  his  owb  well  excite  our  surprise),  he  einpls>y«d 

woric  on  the  subject.   But  these  geonie«  only  one  wire :  the  time  is  §^DeralIy 

trioal  hypotheses  have  ceased  to  possess  given    to  whole  seconds,  very  ^  rmr^y 

any  interest!  for  those  who  wish  to  con-  to  the  half.    fVom  all  these    eircuni- 

struct  lunar  tables,  it  is  sufficient  to  de«  stances,  thMe  observations  are  now  oi 

tannine  empirically  a  certain  sine  or  co*  little  use  to  science  i  a  tenth  part  of  this 

sine  which  represents  the  variations  of  mass  made  with  the  same  care  and  skill 

any  given  inequality,  and  its  maximum  as  those  contained  in  the  tiiduum  of 

value.    Hence  its  value,  at  any  given  Romer*  woiUd  be  a  valuable  treaeur& 

moment,  is  found  with  the  greatest  faci-  Yet  we  must  not  undervalue  the   merits 

lity.    Kepler  seems  to  have  given  the  of  this  first  Greenwich  Catalogue :  it 

first  idea  of  this  method  in  the  lunar  was  an  important  addition  to  the  aetio* 

theory,  by  remarking  that  the  variation  nomioal  knowledge  of  the  age  ;     and 

discovered  by  Tycho,  was  proportional  its  merits  are  sufficient,  in  the  opinioo 

to  twice  the  distance  from  the  moon  to  of  the  best  judges,  to  place  its  author  bj 

the  sun.  the  side  of  Tycno  among  the  moat  iliua- 

When  promoted  to  the  place  of  Astro-  trious  of  the  benefactors  to  scie&ee. 
nomer  Royal,  which  he  filled  for  many        To  accompany  his  catalogue,  Flain^ 

)fears»   flamstead  devoted  himself   to  stead  undertook  to  construct  a  oeleetia] 

observation  with  most  meritorious  zeal  Atlas  on  a  large  scale.    This,  indeed, 

and  constancy.    The  fruit  of  his  long  had  been  done  before  by  Bayer,  of  Augs- 

labours  was  ultimately  published  in  three  burg,  but  with  a  very  inferior  degree  of 

folio  volumes,  under  the  name  of  "  His^  accuracy  t  the  only  h^>pv  idea  in  his 

toria  Coelestis  Britannica/'  containing  a  atlas  was  that  of  distinguishing  the  diffie- 

great  mass  of   observations,    and    an  rentstarsof  a  constellation  by  the  ietteis 

extensive  and  accurate  catalogue  of  the  of  the  Greek  alphabet.    The  eonstella- 

fixed  stars.    The  Greenwich  observflk  tions,  by  a  curious  mistake,  he  had 

tions  begin  in  the  year  1676  :  at  this  drawn  as  seen  from  the  outside  of  the 

time,  Flamstead  followed  the  method  of  sphere.    This  was  rectified  in  the  charts 

Tycho  and  Hevelius ;  that  of  determining  of  Flamstead,  who  invented  a  new  me* 

with  a  sextant  the  distances    of    the  thod  of  projection  for  laying  down  the 

observed  body  from   two  given  fixed  arcs  of  the  meridian  and  the  parallels, 

stars ;  the  only  difference  between  his  This  method  consisted  in  developing  the 

instrument,  and  that  of  the  astronomers  arcs  of  parallels  in  parallel  straight  Unes» 

just  mentioned,  being  that  it  was  fur«  perpendicular  to  a  given  meridian,  also 

nished  with  a  telescope.     But  seven  represented  by  a  straight  line:  thede* 

years  afterwards  he  abandoned  this  sys-  grees  of  right  ascension  measured  on 

ism   for  that    introduced    by  Picard,  ttiese  parallels  diminish  as  the  cosine  of 

namely,  the  observing  the  transits  and  the  declination. 

meridian  altitudes    simultaneously  by        The  successor  of  Flsmstead,  at  the 
means  of  a  mural  quadrant  placed  in  the  Greenwich  Observatory,  wasj  Edmund 
plane  of  the  meridian.    In  this  way  the  Halley,  one  of  the  greatest  names  in  the 
declinations  of  the  stars  may  be  obtained  whole  history  of  ancient  and  modem 
with  considerable   accuracy;    but  the  discovery.    His  brilliant  career   com<> 
right  ascensions  must  be  rather  uncer*  menced  at  an  unusually  early  age.    At 
tain,  from  the  difficulty  of  adjusting  the  twenty  he    undertook  a  voyage  to  the 
plane  of  the  instrument  exactly  to  the  southern  hemisphere,  for  the  purpose  of 
meridian,  or,  at  all  events,  of  estimating  forming  a  catalogue  of  those  stars  which 
the  deviation.  It  is  remarkable  that  the  were  too  remote  from  the  North  Pole  to 
transit  instrument  did  not  come  into  use,  be  visible  to  European  observers.    For 
at  the  observatories  of  Greenwich  and  the  execution  of  this  project  he  selected 
Paris,  till  fifty  years  after  its  first  inven-  the  island  of  St.  Helena,  a  choice  which 
tion  by  Homer.    Bradley  and  La  Ctfille  turned  out   singularly  unfortunate,  as 
have  the  merit  of  its  introduction.    It  is  the  climate  of  that  island,  which  had 
still  more  curious  that  Halley,  the  sue-  been  represented  to  him  as  well  adapted 
oessor  of  Flamstead,  adopted  it  for  a  to  observation,  proved  cloudy  and  unfa- 
short  time,  and  then  abandoned  it  again,  vourable  in   the  extreme.     During  a 
to  confine  himself  to  the  mural  quadrant,  year's  residence  (1676-7)  he  was  not 
In  the  transits  observed  by  Flamstead,  able  to  determine  the  phices  of  more 
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than  360  start,  though  he  nwleeted  the  Venus  passes  over  the  Mm»  it  appearv 

planets  altogether*  and,  for  the  sake  of  to  describe  a  chord  of  the  solar  dise, 

greater  expedition,  merely  observed  the  mater  or  smaller,    according  to  th« 

distances  to  stars  known  by  the  catar  latitude  of  the  planet  at  the  time.    The 

lo§^e  of  Tydio.    Yet  so  little  was  pre*  extent  of  this  chord  is  measured  by  the 

viously  known  of  the  southern  hemi-  time  the  planet  occupies  in  describing 

sphere,  that  Halley's  catalogue,  though  it.    If  there  were  no  sensible  parallax 

imperfect,  was  received  with  applause  of   either  body,   the   chord  described 

and  gratitude  in  Europe ;  and  its  author  would  be  the  same  for  the  whole  earth« 

was  complimented  bv  Flamstead,  with  But  this  is  not  the  case ;  and  the  differ^p 

the  name  of  the  southern  Tyeho.    The  ence  observed  by  two  persons  in  favour-* 

survey  of  a  part  of  the  heavens  so  little  able  situations  may  amount  to  twenty-* 

known,  gave  Hdley  an  opportunity  of  five  minutes  or  more ;  and  an  error  of 

paying  a  oomjdiment  to  Charles  IL,  bv  ten  seconds  of  time  on  the  duration  of 

forming  a  new  constellation,  to  which  the  transit  would  not  amount  to  more 

he  gave  the  name  of  Robur  Carolimim,  than  the  fifteenth  of  a  second  on  the 

from  the  well-known  oak  in  which  that  sun*s  parallax.    It  is  easy  to  conceive 

prince  took  refuge  alter  the  battle  of  the  oause  of  this  difference  in  the  dura* 

W  orcester.    The  patronage  extended  by  tion  of  the  transit.     Parallax  always 

Charles  to  the  sciences,  and  particu-  acting  in  a  vertical,  depresses  the  sun*s 

larly  to   astronomy,  made  him  more  disc,  but  it  depresses  Venus  more,  her 

deserving  of  the  honour  than  some  other  parallax  being  much  larger ;  and  thus 

sovereigns  to  whom  similar  compliments  the  chord  described  is  diminished  or  inn 

have  been  paid*  creased,    according    to  eircumstanoes* 

An  important  observation  was  made  Now,  for  an  observer  who  at  the  time  o( 

by  Halley  during  his  residence  at  St.  the  observation  has  the  sun  near  his 

Helena ;  that  of  a  transit  of  Mercury  senith,  this  effect  of  parallax  will  be  iiv^ 

over  the  sun's  disc    It  is  not,  however,  sensible ;  while  for  another  who  has  it 

in  this  case  the  observation  itself  which  near  the  horiion  it  will  be  very  ^eat  s 

was  of  so  much  importance,   as   the  the  difference  between  the  duration  of 

idea  which  it  suggested  to  Halley  of  the  transits  observed  by  these  two,  will 

employing  these  transits  to  determine  evidently  be  entirely  due  to  the  differ-p 

the  sun's  parallax.    Practically  speak-  ence  of  the  parallaxes  of  the  sun  and 

ing,  the  transits  of  Mercury,  though  re-  Venus ;  for,  were  these  parallaxes  equals 

commended  by  the  illustrious  proposer  the  duration  of  the  transit  could  not  be 

of  the  method,  are  not  applicable  to  the  affected  by  it.  both  planets  being  equally 

purpose  mentioned ;  but  the  transits  of  depressed.    We  might  choose  two  sta- 

Venus  offer  the  best  means  with  which  tions  still  more  favourable  for  deter* 

we  are  acquainted  for  this  determina-  mining  this  difference,  by  placing  the 

tion.     This  HaUey  has  the  credit  of  observers  in  different  hemispheres.    It 

having  perceived  distinctly,  and  having  is  easy  to  see  that,  in  this  case,  the  pa<» 

most  earnestly  recommended  to  the  no-  rallaxes  would  act  in  different  directions^ 

tice  of  astronomers.    But  these  transits  the  one  bringing  the  planet  nearer  to  the 

of  Venus  are  phenomena  of  excessive  northern,  the  other  to  the  southern  limb 

rarity :  Halley  could  entertain  no  hopes  of  the  sun,  and  in  this  the  whole  effect 

of  surviving  to  witness  in  person  the  will  be  double  of  that  which  would  take 

next,  which  was  announced  for  the  year  place  m  our  first  supposition.    By  a 

1761.     He  addressed  then  to  future  comparison  then  of  observations  thus 

astronomers  a  most  solemn  and  affect-  made,   we  determine  with    much  ac« 

ing  exhortation,  not  to  suffer  so  pre-  curacy  the  difference  of  the  parall^es 

cious  an  occasion  to  pass  unprofited,  of  the  sun  and  Venus :  from  their  pe- 

but  to  unite  all  their  efforts  to  deduce  riodic  times  we  conclude  the  ratio  of 

from  this  observation  one  of  the  most  these  parallaxes,  and  thus  can  find  from 

important  elements  of  our  system.    His  two  equations  of  the  simplest  form  the 

exhortation  was  not  addressed  in  vain :  atwolute  values  of  the  parallaxes  them** 

we  shall  see  in  a  subsequent  chapter  selves.     But  the  parallax  of  any  one 

how  successfully  the  idea  was  carried  planet  being  known,  those  of  all  the  rest 

into  execution.  may  be  deduced  by  the  third  law  of 

It  may  be  worth  while,  considering  Kepler.     From  this  one  phenomenon. 

the  extreme  importance  of  the  method  then  of  the  transit  of  Venu%  we  may 

proposed  by  Halley,  to  say  a  few  words  conclude  the  dimensions  of  all  the  pU* 

as  to  its  nature.    When  a  planet  like  netary  orbity ;  and  though  the  whol^ 


M  HISTORY  OF  ASTRONOMY. 

parallftx  of  ttl^  Kttn  does  not  exceed  quite  independent  of  these  inequalities, 
nine  seconds,  it  maybe  found,  bythe.se  No  astronomer •  had  ever  ventured  to 
means  within  a  tenth  of  a  second.  We  doubt  the  uniformity  of  these  mean  mo- 
may  be  allowed  to  reflect  with  some  tions ;  and,  in  fact,  we  now  know  that 
pride  upon  this  triumph  of  human  in-  the  major  axes,  and,  consequently,  the 
genuity*.  periodic  times  of  the  primary  planets. 

The  theory  of  the  moon  attracted  in  a  are  not  subject  to  any  but  the  periodical 
particular  de^ee  the  attention  of  Hal-  inequalities  of  which  we  have  spoken, 
ley ;  and  he  introduced  into  it  several  But  this  is  not  the  case  with  the  moon, 
minor  improvements,  into  the  details  of  The  mean  motion  of  that  satellite  is 
which  it  is  unnecessary  to  enter.  But  continually  accelerated;  and  as  this  ac- 
we  must  not  pass  over  without  notice  celeration/though,  mathematically  speak- 
an  ingenious  suggestion  for  the  ameliora-  ing,  it  has  a  limit,  yet  will  continue  for 
tion  of  the  lunar  tables.  The  principal  perhaps  many  thousands  of  centuries,  it 
inequalities,  both  in  longitude  and  lati-  is  called  the  secular  acceleration,  to  dis- 
tude,  depend  upon  the  position  of  the  tinguish  it  from  those  inequalities  which 
moon  with  regard  to  its  apogee,  its  have  a  period  that  falls  within  the  limits 
node,  and  the  sun.  If,  then,  we  could  of  observation.  The  cause  of  this  phe- 
ilnd  any  period  at  the  end  of  which  the  nomenon  was  discovered  by  La  Place : 
moon  returned  to  the  same  place  with  the  fact  itself  was  first  suspected  by 
regard  to  all  of  these,  it  is  evident  that  Halley.  The  reality  of  it  was  disputed 
the  inequalities  would  be  renewed  in  the  for  a  long  time,  but  it  is  now  incon- 
same  order,  and  it  would  be  easv  to  testably  established.  The  mean  motion 
predict  their  recurrence,  had  they  been  of  the  moon,  as  determined  by  modern 
observed  during  the  period.  Now,  it  observations,  exclusively,  is  between 
has  been  seen  that  the  Chaldseans  had  three  and  four  minutes  more  rapid  than 
discovered  such  a  period,  comprising  that  found  by  comparing  modern  obser- 
223  lunar  months ;  to  which  they  gave,  vations  with  the  eclipses  observed  at 
it  is  said,  the  name  of  Sarost*  It  is  not  Babylon  700  years  before  Christ;  and 
to  be  understood  that  this  period  is  this  result  is  fully  confirmed  by  two 
rigorously  and  mathematically  exact,  eclipses  of  the  sun,  and  an  eclipse  of  the 
yet  the  error  is  small,  and,  at  aU  events,  moon  observed  at  Cairo  by  Ibn  Jounis, 
would  not  affect  sensibly  the  magnitude  towards  the  end  of  the  tenth  century. 
of  the  equations.  When  Halley  sue-  It  has  been  mentioned  in  a  preceding;; 
needed  to  the  post  of  astronomer  royal,  chapter,  that  Hevelius  had  remarked 
in  the  year  1720,  he  began  to  execute  that  comets  do  not  move  as  supposed 
his  plan  of  observations  on  the  moon  by  Kepler  in  right  lines,  but  in  orbits 
throughout  the  duration  of  a  aaros,  and  slightly  curvilinear,  and  bearing  const- 
he  succeeded  in  carrying  them  through  derable  analogy  to  the  parabola.  But 
half  this  period.  Lemonnier  at  Paris  though  Hevelius  completely  proved  the 
subsequently  completed  a  whole  period :  defiection  from  a  straight  line,  he  did 
but  the  prog;ress  made  latterly  in  phy-  not  prove  the  orbit  to  be  parabolic,  nor 
sical  astronomy,  has  rendered  these  em-  did  ne  explain  himself  very  clearly  upon 
pirical  methods  almost  useless.  It  is  the  subject  of  the  focus  being  occupied 
to  Halley  that  we  owe  the  first  suspicion  by  the  sun.  Delambre*  has  quoted  a 
of  a  very  important  fact  regarding  the  passage  from  the  correspondence  of 
moon*s  motions.  It  had  been  hitherto  Horelli,  which  shews  this  astronomer  to 
the  universally  received  doctrine,  that  have  perceived  the  analogy  between 
all  the  planets,  without  exception,  were  cometary  orbits  and  the  parabola,  pre- 
subject  to  such  inequalities  only  as  are  viously  to  the  publication  of  the  Come- 
renewed  within  a  certain  space  of  time,  tographia  of  Hevelius.  But  the  honour 
and  which,  on  that  account,  have  been  of  having  clearly  proved  this  important 
called  i)eriodic  inequalities.  The  mean  point  belongs  to  Dorfel,  a  Saxon,  who, 
motion  is  determined  by  a  comparison  in  a  small  treatise  published  in  1681, 
of  the  planet*s  places  at  very  distant  demonstrated  that  the  great  comet  of 
times,  embracins;  a  great  number  of  the  the  preceding  year  had  described  a 
periods  within  which  the  inequalities  are  parabola  of  which  the  sun  occupied  the 
renewed,  so  that  the  result  obtained  is  focus.  Without  any  knowledge  of  the 
work  of  Dorfel,  Newton  had  been  led  to 

•  Haii«y  dereioped  hit  idea,  «r»t  propMed  in  the  conclusion,  that   comets    describe 

the  Catalogiu  Steilarum  Auatnlium,  In  the  Philo- 

popbical  TransacUon*  for  1091  and  17 IS.  ——————— ^ . 
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tround  ftie  sun  yery  txcentrie  ellipses,  led  to  reflect  upon  the  6aUs6  of  those 
the  yisible  arcs  of  which  cannot  be  dis-  motions  round  a  common  centre,  and  to 
tinguished  from  a  parabola.  Halley,  compare  it  with  those  forces  which 
embracing  with  ardour  this  idea,  and  may  be  observed  at  the  earth*s  surface, 
anxious  to  verify  it,  undertook  the  labo-  Aristotle  had  chosen  to  assert  that  heavy 
rious  task  of  calculating  the  elements  of  bodies  were  attracted  to  the  centre  of 
all  the  comets  known,  with  a  view  to  the  earth  by  a  property  peculiar  to  that 
their  recognition,  should  they  at  any  point  as  the  centre  of  the  universe ;  and 
time  reappear.  Having  formed  for  this  so  completely  was  this  power,  according 
purpose  a  catalogue  of  twenty-four  to  him,  inherent  in  that  point,  that  heavy 
comets,  he  was  struck  with  the  resem-  bodies  he  affirmed  woula  equally  tend  to 
blance  between  those  of  the  years  ]531»  it  were  the  earth  removed.  This  fallacy 
1607,  and  1682.  The  difference,  how-  was  combated  by  Kepler,  who  was  one 
ever,  of  the  inclinations  of  the  orbits,  of  the  first  to  entertain  sound  notions 
and  of  the  periods,  made  him  doubt  on  the  subject  of  gravitjr*  He  contended 
vrhether  this  could  be  the  same  comet  that  a  mathematical  point,  whether  the 
that  had  reappeared  three  times  at  centre  of  the  universe  or  not,  could  have 
intervals  of  between  seventy-five  and  no  power  to  attract  heavy  bodies  to  it ; 
seventy-six  years ;  and  the'  observa-  neither  were  they  uiged  to  this  point 
iions  of  Apianus  and  Kepler  on  the  from  a  desire  to  avoid  the  extremities  of 
two  first  occasions  were  not  sufficiently  the  universe,  the  distance  of  which  is 
exact  to  decide  the  question.  On  fur-  infinite,  compared  with  the  distance  to 
ther  consideration  H  alley  perceived  in  the  centre;  nor  by  the  revolution  of  the 
his  cata)oi;ue  three  other  comets,  which  primum  mobile,  which  woukl  carry  away 
returned  in  the  same  order  and  at  the  the  earth  itself.  Kepler  then  proceeds 
same  intervals,  namely, in  1305,  1380,  to, explain  the  real  nature  of  gravity, 
and  1456.  This  gave  him  more  confi-  He  begins  by  establishing  that  every 
dence,  and  having  re-examined  and  re-  particle  of  matter  has  a  tendency  to 
calculated  the  elements,  he  ventured  to  remain  in  repose,  as  long  as  it  is  beyond 
affirm  all  these  to  be  reappearances  of  the  sphere  of  influence  of  a  cognate 
the  same  comet,  and  to  predict  its  return  particle.  Gravity  is  a  tendency  to  con- 
in  the  year  1 758.  This  prediction  has  junctipn  between  cognate  particles,  siml- 
been  completely  verified,  and  its  fulfil-  lar  to  the  force  of  magnetism.  But 
ment  forms  one  of  the  proudest  triumphs  the  earth  will  attract  a  stone  much 
of  modem  astronomy,  while  it  has  more  than  the  stone  attracts  the  earth, 
rendered  the  name  of  Halley  immortal.  Heavy  bodies  are  not  carried  to  the 
But  on  this  interesting  point  more  will  centre  of  the  world,  in  its  quality  of 
be  said  in  a  subsequent  chapter*.  centre  of  the  world,  but  as  a  centre  of 

a  cognate  round  body,  namely  the  earth. 

Chaptbr  XVI.  Wherever  the  earth  is  transported  heavv 

Origtnqf  Physical  Astronomy.--Kepler  ^'^J!'^  alwaystend  to  its  centre,    ft 

'—Descartes—Newtim  **^®  ^^^^  ^^^  "^'  round,  these  bodies 

.      , '        .  would  not  tend  to  its  centre  but  to  dif- 

Thb  causes  which  determme  the  motions  ^,^^1  points.    Two  stones  placed  in  any 

of  the  heavenly  bodies  have  from  the  part  of  the  world  near  each  other,  and 

eariiest  times  been  an  olject  of  specula-  feeyond  the  influence  of  a  cognate  body, 

tion  to  mankind.   For  a  long  time  these  ^ould  come  together  in  an  ihtermediate 

motions  were  explained  by  supposing  point,  each  moving  through  a  space  pro- 

the  planets  fixed  to  solid  transparent  portional  to  the  comparative  mass  of  the 

spheres,  the  one  revolving  withm  the  ^ther.    If  the  moon  and  the  earth  were 

other,  and  havine  the  earth  for  their  „ot  retained  in  their  orbits  by  an  animal 

common  centre.    But  when  this  rude  force  or  some  equivalent,  the  earth  would 

and   barbarous  hypothesis    was  over-  ascend  to  the  moon  one  fifty-fourth  part 

thrown  by  increasing  knowledge— when  of  the  distance,  the  moon  would  fall  to 

it  was  shown  that  the  sun  was  the  the  earth  through  the  other  fifty-three 

centre  of  the  planetaiy  motions— that  parts,  lupposing  both  to  have  thie  same 

the  planets  themselves  were  bodies  in  density*. 

all  respects  comparable  to  the  earth  xh^  accuracy  of  these  notions  will 
on  which  we  live— thinking  men  were  probably  surprise  those  who  have  im- 
bibed  the  vulgar  error,  that  the  idea  of 

•  The  dlsGOTcriet  of  HftUey  abont  coimU  are  to     „^ •_ 

be  found  in  his  STnopels  A»tronoml«  ComeUcKh  *""                     I    "71     TZ    ]       T              "^ 

$9P$nd^  to  hie  teblee,  London,  1749.  *  Conealt  IhB  Life  of  Kepler,  chap.  r. 
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aiseneval  attraptive .  force  between  the  inversely  as  the  distance.    BooiUaiidbat 

different  bodies  of  the  solar  system  and  the  honour  of  having  first  conjectured 

all  particles  of  matter  originated  with  what  has  subsequently  been  proved  to 

Newton.     Such  ideas  had  been  pre«  be  the  real  law  of  nature*  that  the  attr^e- 

talent   for   half  a  centur}^  before  the  tive  force  varied  inversely  as  the  square 

publication  of  the  Principia  ;  even  the  of  the  distanced    This,  however,  was  a 

real  law  according;  to  which  the  attrao-  mere  conjecture  on  the  part  of  Bouil- 

tive  force  din^inishes   as  the  distance  laud,  and  it  was  quite  out  of  his  power 

Increases  had  been  surmised  by  more  to  offer  any  proof  of  it.    However*  the 

than  one  individual.     To  those  who  same  idea  was  entertained  by  several 

know  in  what   Newton*s    discoveries  men  of  eminence*    In  England  it  ap- 

really  consist,  these  statements  will  not  pears  to  have  been  adopted  by  Wrea, 

appear  to  be  any  disparagement  of  that  Halley,  and  Hooket ;   and  the   latter 

extraordinary  man.    He  has  created  a  even  boasted  among  his  friends  of  beii^ 

science  where  others  have  conjectured,  able  to  demonstrate  it  mathematically. 

But  to  return  to  Kepler,  who  proceeds  However  he  was  unable  to  produce  iha 

in  the  same  remarkable  strain.    The  demonstration  when  called  upon  to  do 

sphere  of  attraction  of  the  moon  extends  so ;  to  which  we  may  add,  that  in  a  very 

to  the  earth,  where  it  causes  the  tides ;  clear  and  remarkable  statement  of  the 

much  more  then   will  the  sphere  of  natureof  the  mutual  attractive  force  be- 

attraction  of  the  earth  extend  to  the  tween  the  celestial  bodies  and  all  pir^ 

moon,  and  even  much  farther.  In  other  tides  of  matter,  he  does  not  venture  to 

E laces  Kepler  recognizes  the  mutual  at-  state  the  law  of  its  variation,  a  sufficient 

'action  of  the  sun  and  planets,  and  proof  that,  at  least,  he  was  unable  to 

even  proceeds  to  conjecture  that  the  at-  offer  any  satisfactory  demonstration  of 

traction  of  the  former  may  cause  the  its  existence. 

Irregularities  in  the  moon's  motion.  But  The  physico-astronomloal  system  of 

it  must  be  confessed  that  Kepler  could  Descartes  enjoyed  such  great  popularifj 

Bot  explain  the  cause  of  the  elliptic  or-  during  the  seventeenth  century,  that  it 

bits  of  the  planets,  and  he  was  obliged  is  necessary  to  give  some  account  of  it 

to  have  recourse  to  the  singular  idea  in  this  place.    It  consisted  in  supposing 

that  each  planet  was  the  seat  of  an  in*  the  different  bodies  of  the  solar  sysf  em 

telligent  principle,  bearing  the  same  re-  to  float  in  a  fluid  in  motion  round  the 

lation  to  its  material  substance,  that  the  sun,  and  forming  a  vortex  of  which  that 

mind  of  a  man  does  to  his  body.     The  body  occupied  the  centre^.   The  differ- 

science  of  dynamics  was  not  yet  suffi-  ent  parts  of  this  vortex  moved  with  xxa- 

ciently  advanced  for  him  to  see,  that  a  equal  velocities,  and  were  of  various 

tangential  impulse,  combined  with  grar  densities,  each  planet  floating  in  a  stra- 

vity,  would  explain  the  revolutions  with-  turn  of  a  density  equsJ  to  its  own.    In 

out  such  a  monstrous  supposition.  this  great  vortex  there  were  again  minor 

The  ideas  of  Galileo,  tnough  not  so  vortices,  in  which  the  satellites  were  c&r- 

distincUv  expressed,  seem  to  have  re-  ried  round  then*  primary  planets.     The 

sembled  those  of  Kepler.     Galileo  cer-  mechanical  and  physical  objections  to 

tainly  recognized  the  mutual  attraction  •  this  theory  are  so  numerous  and  socom- 

of  the  particles  of  matter;  and  asserted  pletely  insoluble,  that  its  great  sueoen 

that  a  certain  number  meeting  together  may  well  astonish  us.     That  it  shouki 

^ould  have  a  tendency  to  unite  in  a  havebeen  defended  by  aome  of  the  ablest 

spherical  form.    He  also  evidently  saw  mathematicians  in  Europe  even  after 

that  gravity,  at  the  earths  surface,  is  the  appearance  of  NewtoQ*s  Frmdpia. 

the  resultant  of  the  attractions  of  the  ■  still  more  surprising.    To  mention  a 

particles  of  which  the  earth  is  composed*,  few  only  of  the  moststiiking  difficulties. 

The  idea  of  a  general  attractive  force  we  may  remark  that  it  has  been  shown 

between  the  sun  and  planets  being  ad-  by  ,D*  Alembert  that  a  vortex,  whether 

mitted,  and  the  identity  of  this  force  with  -  spherical  or  cylindrical,  could  not  exist 

mvity  having  been  clearly  stated  by  unless  all  its  strata  revolved  in  the  same 

Kepler,  it  was  natural  that  the  next  ob-  time.    The  third  law  of  Kepler  being  in 

Ject  of  speculation  should  be  the  law  ac-    -— 

cording  to  which  this  force  decreased  as  •  A.ironom.  PhiioUie.  Lib.  u  p.  2». 

ttie  distance  mcreased.    Kepler  seems  t  v.  Nnrtoa.Friiic)p.ii«uiemtt.  lu».l,  Pi^p. 

to  have  imagined  that  the  force  varied  *•  ®2*if """;       »  ^      ^^       w  *     ^ 

^ _^ T  «!*•«*  J  Yhe  ByBtem  of  Detcarte*  may  be  foood  u 

— — ^— .  ini^  ^mn  by  Ito  aatbor  \n  the  third  part  of  hU 

*  PUOogoprino.  Vilsdpui  PhUocophlfi.   ikntterdUB,  l^TT. 
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direct  opposition  to  this,  proves  that  the  centre  of  the  earth  he  identical  with  that 
planets  are  not  carried  round  in  a  vor-  which  retains  the  moon  in  her  orhit,  that 
tex.  Again,  in  the  system  of  Descartes  it  will  act  with  less  energy  at  that  in« 
the  vortex  is  composed  of  strata  of  very  creased  distance.  But  in  order  to  corn- 
different  densities,  superposed  irreji^u-  pare  the  former  effect  with  the  latter,  it 
larly,  so  that  in  many  cases  a  lighter  was  necessary  to  make  some  supposition 
stratum  is  lower  or  nearer  the  centre  as  to  the  law  of  decrease.  NewtoQ 
than  one  specifically  heavier.  Such  an  adopted  the  hypothesis  that  the  force 
arrangement  is  totally  irreconcilable  varied  inversely  as  the  square  of  the 
with  the  laws  of  hydro-dynamics.  To  distance.  This,  as  we  have  seen,  had 
this  we  may  add  that  the  very  existence  been  the  supposition  of  Bouillaud  and 
of  a  spherical  vortex  seems,  from  seve-  others.  The  distance  from  the  centre  of 
ral  considerations,  to  be  impossible,  the  earth  to  the  moon  being  nearly  sixty 
Were  it  worth  while  to  go  farther  into  semidiameters  of  the  former,  gravity  at 
the  examination  of  a  theory  now  totally  the  distance  of  the  moon  would  be  about 
exploded,  several  other  arguments  might  3600  times  less  than  at  the  surface  of 
be  adduced.  The  various  inclinations  the  earth.  If  gravity  then  were  the 
of  the  planetan^  orbits,  their  elliptical  force  which  retained  the  moon  in  its 
form,  are  all  difficulties,  which  no  inge-  orbi^  that  body,  abandoned  to  the  action 
nuity  of  the  Cartesians  was  able  to  over-  of  this  force  alone,  during  a  small  given 
come.  Yet,  notwithstanding  this,  the  time,  ought  to  fall  througn  a  space  3600 
theory  of  vortices  reigned  paramount  in  times  less  than  that  through  which  a 
Europe  during  the  greater  part  of  a  cen-  heavy  bod^  near  the  surface  of  the  earth 
tury.  Its  duration  in  £np;land  was  would  fall  in  the  same  time.  The  former 
shorter  than  on  the  Continent;  the  of  these  spaces  is  measured  by  tha 
Newtonian  theory  having  been  received  versed  sine  of  the  arc  described  by  the 
with  universal  approbation  in  the  form^  moon  in  the  given  time.  To  calculate 
country  from  the  first  moment  of  its  this  versed  sine,  we  must  know  the  di- 
publication.  .  But  on  the  Continent,  mensions  of  the  lunar  orbit ;  or  if  we 
where  Cartesianism  seems  to  have  taken  suppose  the  moon's  distance  to  comprise 
a  firmer  hold  on  men's  minds,  it  conti-  sixty  semidiameters  of  the  earth,  we 
nued  to  flourish  for  twenty  or  thirty  must  know  the  length  of  this  semidia- 
years  longer;  and,  indeed,  cannot  be  meter. 

said  to  have  died  away  entirely  before  Unfortunately  when  Newton  first  un- 

the  middle  of  the  eighteenth  century.  dertook  these  calculations,  the  dimen- 

It  was  reserved  for  the  immortal  New-  sions  of  the  earth  were  not  known  with 

ton  to  lay  the  foundations  of  the  science  of  any  accuracy;  and  having  assumed  a 

physical  astronomy,  by  applying  the  laws  wrong  value  of  the  degree,  he  obtained 

of  dynamics  to  the  motions  of  the  ce-  resulU  which  appeared  to   overthrow 

lestiaJ  bodies,  by  demonstrating  the  iden-  his  hypothesis.    But  Picard  having  in  ' 

tity  of  gravity  with  the  attractive  forces  the  mean  time  determined  the  length 

of  the  sun  and  planets,  and  by  showing  of  the  degree  with  considerable  care, 

all  the  inequalities  and  irregularities  of  Newton  resumed  the  consideration  of 

their  motions  to  be  consequences  of  the  the  subject  spme  years  afterwards.    His 

same  principle  that  determined  their  el-  data  being    corrected,  he   found  that 

liptic  orbits.  At  a  very  early  age.  New  the  versed  sine  of  the  arc  described  by 

ton  had  been  led  to  reflect  upon  the  pro-  the  moon  in  one  minute,  was  equal  to 

bable  identity  of  gravity  with  the  force  the  space  through  which  a  heavy  body 

by  which  the  moon  is  retained  in  its  or-  at  the  earth*s  surface  falls  in  one  secono* 

bit  round  the  earUi.   There  is  a  popular  Consequently,  the  space  through  which 

story  current  about  his  having  been  led  the  latter  would  fall  m  one  minute,  would 

to  these  reflections  by  observing  the  fall  be  three  thousand  six  hundred  times 

of  an  apple ;  but  the  fact  is,  that  the  greater  than  that  through  which  the 
relation  of  these  forces  had  long  been  '  moon  would  fall  in  the  same  time.    But 

a  subject  of  meditation  to  every  philo-  this  is  exactly  the  proportion   which 

sophical  mind.    The  difference  between  ought  to  exist,  supposing  the  motions  in 

Newton  and  all  his  predecessors  is,  that  question  to  be  determined  by  a  force 

he  undertook  at  once  to  submit  his  varying  inversely  as  the  scjuare  of  the 

conjectures  to  the  test  of  calculation.  It  distance.    Thus  was  established  beyond 

was  natural  to  suppose,  that  if  the  force  contradiction  the  nature  of  the  attractive 

which  at  the  surface  of  our  planet  de-  force  that  determined  the  moon's  revo- 

t^rmines  the  fall  of  heavy  bodies  to  the  lutions. 
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The  next  ttep  in  this  inquiry  was  to  property  of  attraction  does  not  merely 
inrestieate  the  analogy  between  the  belons^  to  the  masses  of  the  celestial  bo- 
forces  by  which  the  primary  planets  are  dies,  but  to  each  of  their  particles.  It 
retained  in  their  orbits.  In  the  execu-  happens  however,  that  the  attraction  <rf 
tion  of  this,  Newton  began  by  showing  a  sphere  upon  a  point  without  it  is  the 
that  any  body  revolving  round  a  point  same  as  if  all  the  matter  of  the  spboe 
either  immovable  or  uniformly  pro-  were  united  at  its  centre,  provided  the 
gressive  in  a  right  line,  and  moving  in  sphere  be  homogeneous,  or  at  least  con- 
such  a  way  that  its  radius  vector  de-  posed  of  concentrical  homo^neons 
scribes  round  the  point  areas  proper-  layers.  This  proposition,  which  is  due  to 
tional  to  the  time,  is  urged  by  a  centri-  Newton,  explains  the  fact  just  stated  with 
petal  force  tending  to  that  point.  But  regard  to  the  distances  being  measured 
the  first  law  of  Kepler  established  that  from  the  respective  centres  of  the  het- 
the  planets  did  revolve  in  this  way ;  venly  bodies. 

and  Newton  therefore  concluded  that  It  being  admitted  that  {o^vity  is  a  prth 
they  were  acted  upon  by  a  centripetal  perty  belonging  to  all  particles  of  matter, 
force.  The  second  law  of  Kepler  was,  it  follows  as  a  consequence  that  if  the 
that  they  moved  in  ellipses,  of  which  the  sun  attracts  a  planet,  the  planet  again 
sun  occupied  one  of  the  foci.  This  New-  will  attract  the  sun.  Supposing  both 
ton  showed  could  only  be  the  case  if  the  these  bodies  spherical,  we  may  imagine 
centripetal  force  varied  inversely  as  the  the  mass  of  each  united  at  its  centre; 
square  of  the  distance  from  the  sun*  and  the  attractions  will  be  proportional 
The  third  law  of  Kep)er  completed  the  to  these  masses.  Strictly  speaking 
proof  of  the  identity  of  this  attractive  then,  the  centre  of  the  sun  will  not  be 
force  for  all  the  planets.  It  may  be  immovable,  while  that  of  the  planet  re- 
shown  to  be  a  consequence  of  it,  that  the  volves  round  it,  but  both  will  revolve 
intensity  of  the  force  in  question  is  the  round  their  common  centre  of  gravity, 
same  for  all  the  planets  at  the  same  dis-  However,  the  mass  of  the  sun  Seing  so 
tance ;  as,  on  the  surface  of  the  earth,  enormously  greater  than  that  of  the 
gravity  gives  the  same  motion  to  all  largest  planet,  the  latter  may  be  negiected 
bodies  placed  at  the  same  distance  from  for  all  practical  purposes  in  our  (»icula- 
the  centre.  What  then  had  been  vaguely  tions.  Yet  considerable  disturbances 
surmised  by  Kepler,  BouUiaud,  Hooke,  arise  hi  the  motion  of  the  planets  from 
and  others,  was  proved,  with  all  the  their  mutual  attractions.  Thus  the  moon, 
certainty  of  mathematical  demonstration,  while  it  revolves  in  an  ellipse  round  the 
to  be  the  law  of  nature.  It  may  be  ne-  earth,  is  exposed  to  the  attraction  of  the 
cessary  to  explain  here,  for  the  sake  of  sun,  causing  a  number  of  inequalities  in 
those  who  are  not  familiar  with  dyna-  its  motions ;  thus  too,  the  earth  is  trou- 
mical  reasoning,  that  the  elliptic  orbit  bled  by  the  action  of  the  neighbouring 
of  a  planet  results  from  the  combination  planets,  each  of  which,  in  its  turn,  is 
of  gravity  with  a  primitive  impulse  in  similarly  affected  by  those  near  it.  The 
the  direction  of  a  tangent  to  the  curve*  development  of  these  perturbations,  as 
Without  gravity,  the  effect  of  the  origiual  they  are  called,  forms  a  most  important 
impulse  would  have  been  to  make  the  ijart  of  the  theory  of  universal  gravila- 
l)ody  move  uniformly  forwards  in  a  tion ;  a  theoiy  that  shows  us  not  merely 
straight  line :  its  continual  deflection,  the  causes  and  connexion  of  the  compli- 
from  a  straight  line  towards  the  sun,  in-  cated  and  seemingly  inexplicable  inequa- 
dicates  the  existence  of  an  accelerating  lities  already  detected  by  astronomers, 
force  in  the  latter,  and  the  form  of  the  but  has  indicated  the  existence  of  many, 
planetary  orbit  enables  us  to  conclude  which,  but  for  its  assistance,  would  be 
the  law  of  the  force.  still  unknown. 

The  comparison  of  gravity  with  the  The  inequalities  of  the  moon  being 
force  determining  the  lunar  revolutions,  the  most  numerous  and  the  most  evi- 
shows  clearly,  that  in  calculating  the  at-  dent,  engaged  more  particularly  the  at- 
tractive forces,  we  must  measure  the  tention  of  Newton.  To  form  some 
distances  from  the  centres  of  the  sun,  idea  of  his  method  of  investigation,  let 
or  the  respective  planets.  This  is  de-  us  begin  by  supposing  the  moon  to  move 
monstrated  in  the  case  of  the  earth  and  in  the  plane  of  the  ecliptic.  The  forces 
moon ;  and  the  attraction  of  the  earth  acting  upon  her  are  the  attraction  of  the 
being  evidently  identical  with  that  of  the  earth,  directed  to  the  centre  of  the  latter 
•nn  and  the  planets,  we  conclude  the  body,  and  that  of  the  sun,  the  tendency 
same  with  regard  to  them.    But  this  of  which  in  conjunction  and  opposition 
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win  be  to  dimmish  her  gravity  to  the  with  the  line  of  the  svzygies ;  thusindi- 

«arth :  for,  in  the  former  case,  the  moon  eating  the  cause  of  the  inequality  called 

is  more  strongly  attracted  by  the  sun  theevection. 

than  the  earth ;  in  the  latter,  the  earth  There  is  also  an  annual  vanation  of 

more  strongly  than  the  moon :  the  effect*  the  lunar  excenf ricity,  resulting  from  the 

in  both  cases,  is  the  same,  and  equals  excentricify  of  the  earth*s  orbit  round 

twice  the  product  of  the  sun's  mass  into  the  sun.    The  disturbing  force,  it  has 

the  radius  of  the  lunar  orbit,  the  whole  been  seen,  varies  inversely  as  the  cube  of 

divided  by  the  cube  of  the  distance  from  the  distance  from  the  sun  to  the  earthy 

the  earth  to  the  sun.    In  quadratures,  and  this  distance  not  being  always  the 

the  action  of  the  sun  on  the  earth,  decom-  same,  the  lunar  orbit  particinates  in  its 

posed  in  the  direction  of  the  lunar  radius  variations.     When  the  eartn  is  in  its 

vector,  tends  to  increase  the  moon*s  gra*  perihelion  the  disturbing  force  is  greatest, 

vity  towards  the  earth,  but  the  whole  and  the  orbit  of  the  moon  most  dilated: 

effect  will  be  only  half  of  that  which  the  contrary  takes  place  at  the  apheUoOi 

takesplaoe  in  a  contrary  direction  at  the  Hence    arises  an  inequality,  which  is 

ayzygies.    From  all  the  actions  of  the  called  the  annual  equation,  as  it  has  for 

sun  on  the  moon,  in  the  course  of  a  its  period  an  anomalistic  year. 

Bvnodical  revolution,  results  a  mean  force  Hitherto  we  have  only  considered  the 

diminishing  the  moon's  gravity,   and  part  of  the  disturbing  force  decomposed 

equal  to  half  the  product  of  the  sun*s  in  the  direction  ofthe  lunar  radius  vector: 

mass  into  the  lunar  radius  vector  divided  the  other  part  tends  to  increase  the 

by  the  cube  of  the  distance  from  the  sun  velocity  of  the  moon  in  its  orbit  or  the 

to  the  earth.   Now,  Newton  proved  that  area  described  in  a  given  time.    The 

supposing  one'  body  to  revolve  round  increment  of  the  area  is  proportional 

another  which  attracted  it  with  a  force  to  the  sine  of  twice  the  angular  distance 

varying  inversely  as  the  square  of  the  from  the  moon  to  the  sun.    This  in  fact 

distance,  if  we  diminish  the  attractive  is  the  inequality   discovered  by  Tycho 

force,  by  a  quantity  proportional  to  the  Brah^,  which  is  greatest  in  the  octants* 

distance,  the  orbit  described  will  still  be  and  to  which  the  name  of  variation  has 

an  ellipse,  but  its  apsides  will  have  a  l)een  given. 

progressive  motion ;  such  in  fact,  as  is  Let  us  now  proceed  to  consider  the 

actualljT  observed,  the  lunar  perigee  hav-*  effects  of  the  disturbing  force  resulting 

ing,  as  is  well  known,  a  rapid  direct  mo-  from  the  inclination  of  the  lunar  orbit 

tion.  to  the  ecliptic.    The  most  important  of 

By  the  diminution  of  its  gravity  to  the  these  is  the  retrograde  motion  of  the 

earth,  the  moon  is  maintained   at  a  nodes.    To  conceive  the  cause  of  this, 

greater  distance  than  would  otherwise  let  us  suppose,  as  before,  the  solar  attrao- 

be  the  case :  the  sector  described  hv  its  tion  decomposed  in  two  directions,  the 

radius  vector  in  a  given  time  round  the  one  parallel  to  the  line  joining  the  earth 

earth  is  not  changed,  since  the  force  and  the  sun,  the  other  in  the  direction  of 

which  produces  it  is  in  the  direction  of  the    lunar    radius   vector.    The    first 

this  radius.    But  the  velocity  and  angu-  will  be  entirely  in  the  plane  of  the 

lar  motion  are  diminished;  as   must  ecliptic,  and  therefore  can  only  affect 

evidently  be  the  case,  since  the  sector  the  longitude  of  the  planet ;  but  the 

remains  constant  while  the  radius  vector  second  will  be  inclined  to  this  plane  and 

is  increased.    The  preceding  considera-  may  again  be  decomposed  into  two,  one 

tions  show  also  that  the  rtulius  vector  parallel  to  the  ecliptic,  the  other  perpen- 

varies  sensibly,  in  the  course  of  a  lunar  dicular  to  it.    The  effect  of  the  former 

revoltition,  firom  the  effect  of  the  sun's  will  fall  entirely  upon  the  longitudes  :  it 

attraction.    The  same  is  the  case  with  is  then  only  the  latter  which  is  now  to 

t-egard  to    the  excentricity.    For   the  be  considered.    The  constant  tendency 

augmentation  of  the  force  in   quadra-  of  this  force  is  to  bring  the  moon  nearer 

tures  and  its  diminution  in  syzygies  gives  to  the  ecliptic,  and  consequently  to  ac- 

the  orbit  a  greater  curvature  in  the  former  celerate  its  return  to  this  plane.    The 

and  dilates  it  in  the  latter  case.    The  ex-  effect  will  be  to  make  the  moon,  at 

eentricity  then  will  alternately  augment  each  semi-revolution,  meet  the  plane 

and  decrease  in  each  lunation :  and,  by  soonerthan  it  otherwise  would  have  done, 

following  the  same  reasoning,  it  might  be  and  at  a  point  less  advanced  on  the  orbit, 

shown  that  the  excentricity  is  greatest  The  node  then  will  appear  to  have  retro- 

when  the  line  of  the  apsides  coincides  graded  a  certain  quantity ;  and  the  phe* 
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nomena  will  be  just  the  same  as  if,  whil^  sun's  centre.    But  the  fbroe  wHh  iprhkii 

the  moon  moved  in  the  plane  of  its  Mercury  is  attracted  maj  be  detcrmiiied 

.orbit,  the  orbit  itself  had  a  retrograde  in  the  same  way  that  tne  attraction  of 

motion.   The  retrogradation  in  question  the  earth  on  the  moon  was  found.      It  is 

will  be  continued,  but  it  will  not  be  al-  measured  by  the  versed  sine  of  the  are, 

ways  equal.   When  the  nodes  are  in  the  described  in  a  given  time,  as,  for  ez- 

syzygies,  the  force  perpendicular  to  the  ample,  a  second.     In  this  method,  the 

orbit  will  vanish,  since  the  plane  of  the  mass  of  Mercury  being  quite  insensible^ 

t>rbit  will  pass  through  the  sun,  and  con-  compared  with  that  of  the  sun,  is  ne$* 

sequently  the  retrogradation  will  cease  lected.     In  the    same  way  we     may 

with  it.    But  the  moment  the  sun  has  compare  the   masses    of  Jupiter  and 

passed  the  line  of  the  nodes,  the  force  Saturn  with  that  of  the  sun :  for  eadi 

will  begin   to  act,  and   will  reach  its  of   these    planets  is  accompanied   by 

maximum  when  the  nodes  are  in  qua«  satellites,  the  revolution  of  any  one  of 

tlratures.  which  may    be    employed  as  that  of 

Such  is  a  short  sketch  of  the  way  in  Mercury,  as  has  just  been  shown.  Veiii» 

which  Newton  laid  the  foundations  of  *nd  Mars  being  without  satellites,  tbeir 

the  theory  of  the  moon ;  a  theory  that  basses  must  he  determined  by  the  per- 

from  its  complication  has  at  all  times  turbations  they  cause  in  the  motions  of 

occupied  a  large  share  of  the  labours  of  ***®  neighbouring  planets,  as,  for  exam- 

the  mathematician  and  the  astronomer,  Pjc»  ^h«  eaHh.     To  find  the  mass  of 

His  numerical  determinations  must  be  Mercury,  we  are  forced  to  make  an  hy- 

considered  as  rough    approximations ;  Pothesis  somewhat  precarious ;  namely, 

and  even  his  methods  of  investigation  **^*t  t^®  densities  of  this  planet  and  the 

pan  now  be  studied  only  as  matters  of  ^^^  "«  inversely  as  their  mean  dis- 

Bcientifio  curiosity.    The  exact  determi-  tances  from  the  sun.  Newton  attempted 

nation  of  the  arguments  and  coefficients  to  determine  the  mass  of  the  moon  fi-om 

of   the    numerous   lunar   inequalities,  certain  phenomena  of  the  tides,  of  which 

requires  all  the  resources  of  modem  "o*"®  ^iU  be  said  presently.    Other  and 

analysis,  and  all  the  accuracy  of  modem  probably  better  methods  have  been  since 

observations.    The  geometrical  methods  proposed.    One  of  them  is  founded  on  a 

of  Newton  are  inadequate  to  the  com*  comparison  of  the  quantity  of  the  nota- 

plete  solution  of  this  complicated  pro-  ^P^  of  the  earths  axis,  and  the  preees- 

tlem.    Yet  to  mathematicians  they  will  «on  of  the  equinoxes.    The  former  phe* 

probably  always    prove  an  object    of  i^omenon  results  solely  from  the  moon's 

interest ;  while  the  sublimity  of  the  re-  motion,  the  latter  from  that  of  the  sun 

6ults  will  be  an  object  of  unqualified  ad-  "^^    Q'oon   combined.     In   this  way 

miration  to  all.  ^®  lunar  action  [is  found  to  be  about 

Observation    alone  might  teach  us  <*ouble  that  of  the  sun.    Each  of  these 
the  magnitudes  and  distances  of  the  sun  actions  is  proportional '  to  the  mass  of 
and  planets.    But  the  Newtonian  theory  5?®  ^^^'  divided  by  the  cube  of  its 
gives  us  the  means  of  determining  an  ™tance  to  the  earth.    Hence  we  obtain 
element  that  might  have  seemed  for  ever  ^p'  ^^  J^tio  of  the  masses  in  question 
inaccessible,  namely,  their  masses.    The  ^.    The  theory  of  centrifugal  forces 
whole  attraction  of  the  sun  or  any  planet  due  to  Huygheris,  had  made  it  evident 
in  this  theory  is  proportional  to  its  mass,  that  the  rotation  of  the  earth  on  its  axis 
If  we  were  able  to  measure  the  weight  of  was  incompatible  with  the  spherical  form, 
bodies  at  the  surface  of  the  sun,we  might,  gupposir^  the  earth  to  have  been  origi- 
by  comparing  with  this  thftir  weight  at  naUy  fluW.    This  subject  was  investi- 
the  surface  of  the  earth,  ascertain  the  gated  by  Newton,  and  considered  by  him 
ratio  of  the  mass  of  the  sun  to  the  mass  m  a  more  general  and  satisfactory  way, 
of  the  earth.    But  such  an  experiment  is  in  determining  the  ratio  of  the  polar  to 
clearly  impracticable.    We  have,  how-  the  equatorial  axis,  Huyghens  had  sap. 
ever,  another  in  our  power  which  is  posed  every  particle  of  matter  in  the 
equivalent  to  it.    If  we  can  determine  earth  to  have  the  same  weight,  at  what- 
the  force  with  which  the  sun  attracts  a  ever  distance  it  is  from  the  centre.  This 
given  planet,  Mercury  for  example,  we  is  quite  incompatible  with  the  Newtonian 
may  ascertain  the  force  with  which  it  theory,  that  the  whole  attraction  of  the 
Attracts  a  body  at  its  own  surface.    For  earth  is  the  resultant  of  the  attractions 
these  forces  are  to  one  another  inversely  of  all  the  particles  of  whidi  it  is  com- 
as the  squares  of  the  distances  from  the  posed :  a  doctrine  which,  in  fact,  Huy- 
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Shenf  never  admitted,  though  he  allowed  the  attraction  of  the  latter.    In  modem 

Fhe  Newtonian  law  of  gravity  to  exist  times  Descartes  proposed  an  explana^ 

between  the  different  planets.    Newton,  tion  of  these  causes,  which  bears  some 

on   the  other  hand,  demonstrated  that  a  analogy  to  that  of  an  ancient  philoso- 

body  placed  within  a  spherical  stratum  pher,  named  Seleucus*.    He  imagined 

of  uniform  thickness  is  equally  attracted  that  the  moon,  passing   through   the 

on  all  sides ;  and  that  the  same  is  the  zenith  of  a  spot  covered  by  the  ocean, 

case  with  an  elliptical  stratum,  whose  pressed  upon  that  spot,   and  forcibly 

interior  and  extenor  surfaces  are  similar  lowering  the  surface  of  the  water  imm^ 

and  similarly  situated.    Supposing  the  diately  beneath  it,  forced  this  surface  to 

planets  to  ttehomo^neous  spneres.gra-  rise  in  compensation  along  the  distant 

vity  in  tiieir  intenor  will  vary  directly  coasts,  attaining  its  maximum  of  eleva^ 

as  the  distance  from  the  centre ;   for,  tion  at  90  degrees  from  the  spot  in  queiK 

taking  a  point  anywhere,  the  stratum  tion.    In  any  given  place,  then,  thewa^ 

I         exterior  to  it  does  not  contribute  to  its  ters  will  rise  and  fall  alternately  at  inter- 

'         gravity,  which  is,  In  consequence,  only  vals  of  six  hours,  and  the  moon^s  pas* 

I         produced  by  the  attraction  of  a  sphere,  sage  over  the  meridian  retarding  aailv 

I         whose  radius  is  equal  to  the  distance  three  quarters  of  an  hour,  the  tides  wiU 

from  the  centre.    Tnis  attraction  is  pro-  be  retarded  by  .the  same  portion  of  time» 

portional  to  the  mass  of  the  sphere  di-  which  is  consistent  with  observation. 

vided  by  thesauare  of  the  radius,  and  the  But  this  explanation  is  quite  untenable 

mass  of  the  spnere  is  proportional  to  the  even  in  the  Cartesian  system  of  vortices. 

cul)e  of  the  radius ;  whence  we  see  that  How  can  the  moon,  suspended  in  a  vor- 

the  attraction  varies  as  the  radius.    But  tex  of  the  same  density  with  itself  press 

if  the  planets  l)e  denser  towards  their  upon  the  surface  of  the  ocean  ?    The 

centres,  gravity  will  no  longer  diminish  pressure  will  be  uniform  all  round  the 

in  the  same  ratio.  earth,  and  will  depend  upon  the  density 

It  is  very  easy  to  see  that  this  theory  of  the  vortex  in  question :  it  can  make 

&:ives  a  greater  flattening  at  the  poles  no  difference  whether  any  given  part  of 

than  that  of  Huy^hens ;  the  particles  of  this  is  occupied  by  the  moon  or  by  a 

the  equatorial  column  weighing  less  in  fluid  sphere  of  equal  specific  gravity, 

succession  as  they  approacn  the  centre.  Besides,  Descartes  does  not  explain  by 

will  yield  more  to  the  centrifugal  force  these  means  how  it  happens  that  while 

acting  upon  them.    The  determination  it  is  low  water  under  any  one  meridian 

of  the  axes  is  much  more  difficult  in  this  it  is  also  low  water  under  the  meridiaa 

hypothesis.    Newton  contented  himself  removed  from  it  180  degrees*    The  pres- 

with  supposing,  that  an  elliptic  figure  sure  of  the  moon  seems  inadequate  t9 

would  satisfy  the  conditions  of  equili-  ex^ainthis. 

brium  of  a  fluid  mass  in  rotation,  whose  The  celebrated  Galileo  imagined  that 

respective  particles  attracted  each  other  the  phenomena  of  tides  were  produced 

mutually  as  the  inverse  squares  of  the  by  the  rotation  of  the  earth  on  its  axit^ 

distances.   Supposing,  at  the  same  time,  and  he  seems  to  have  imagined  that  we 

tiie  earth  homogeneous,  he  found  that  might  find  in  them  a  proof  of  the  Coper* 

the  two  axes  ofthe  planet  would  be  in  the  nican  theory.    When  a  given  point  on 

ratio  of  229 :  230.    This  supposition  of  the  earth*s  surface  has  arrived  under  % 

Newton,  that  the  elliptic  figure  satisfies  meridian  exactly  opposed  to  the  sun,  th« 

the  conditions  of  equilibrium  of  an  ho-  motions  of  rotation  and  translation  takt 

Dogeneous  fluid  mass,  was  subsequently  place  in  the  same  direction ;  when  it  is  in 

demonstrated  by  Maclaurin.    But  re-  conjunction  with  the  sun  these  two  mo- 

peated  measurements  having  shown  that  tions  take  place  in  contrary  directions* 

the  ratio  assigned  is  too  great,  it  follows  Galileo  imagined  that,  from  this  ciroum* 

as  a  consequence  that  the  earth  cannot  stance,  a  particle  of  fluid  would  be  ao*' 

be  homogeneous.  celerated  m  the  first  case,  and  retarded 

The  connexion  between  the  pheno-  in  the  second;  and  that  the  whole effeot 

mena  of  tides  and  the  diurnal  revolution  on  the  ocean   would  be  to  form  two 

ofthe  moon  had  not  escaped  the  notice  waves,  the  axis  of  the  first  of  whioh 

of  the  philosophers  of  antiquity.  Plinv*,  would  be  in  the  direction  of  the  meridiaa 

among  others,  distinctly  observes  tnat  passing  through  the  sun,  the  other  ex.* 

the  cause  of  the  tides  is  in  the  sun  and  actly  opposite  toitt.  But  this  is  founded 

moon,  and  refers  them  in  particular  to    
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on  &Uc  physical  notioM.    The  watew   wfll  formaipheroldwlKMeiMioraiMk 
of  the  ocean  we  now  know  from  hrdro-    directed  to  tli  mwn,    Ifthe^h^ 

2l^fJ^.^K""P^*'  T"'"^  ""*•  »^y*«"«l   at  rest,  this  axi«.^wayi  d^tSlo  S 
at  Jl  by  the  causes  here  assigned:  they   moon,  would  trkverse  the  eaSi'^  ^ 

»rLSLTShr£e*   -reduce  in  thepe^Ki^Jf.lS^-^ 

S^t'^iX-KtlSjTpo'J   caSlla^SallJli^  otSl-e^r"- 
the  sun.  whewas  the^r  connexion'^  w'rth    ?S^nding  wi?hX  Sr,  o^^"^" 

^\si^rrArtt*'L^eit%ts.^i?  i:nrtt£Sl^^£ 
stwjcCiriSoS-  siiHES-*^ 

^'SuitSt^M*  *"*  «f  !.^  ^^^ "« .phe^r.iemLi?wr,^ 

»eSSll^SSlh:'p^Se"s-of  §^^^   t^hf.Zrp'SrS.  *et^^"^? 
he  explained  tbi  two  high^tides  depend-   of  thTs  ret^i^  .?!^  **"**  quwiU^ 

the  ebb  when  she  isrisineor  settinif  But   ^h-l„   "f*^*""??  W  observation. 

before  them,  though  in  rather  a  vague  "bl7L  bv  ?he?r  ^ii?^  ""^  ^  l^^'P" 

and  fanciful  way.  &y  Gilbert*.    The  dif.  H^1nUi>-^    n    **«=*."»  "ugmenhng  or 

ficulty experieni^L  these  ;rife«  was  ThZ   "u'^  ^^'^  »*««  *<»  the  moon. 

toe,^Iain^hecau«,ifthein7/riS:^tWe  NeXn^  for"  fiX^/h   «"?•«»■«?> 

this  was  first  done  in  a  satisfactory  way  mLses  oMhP^nn^    i^  "^""'/  *** 

by  Newton.     Just  in  the  same  wav  S^tfn,  .-5  u"  *»<>  »oon;  for  at 

tfiat.  in  treating  of  the  inequali  W^S  Tnf^!f  Tu  *»»««!? 'he  effect  of  the 

|noon..we  have'^seen  that,^hSJth^ sad!  en^ *S fhehl' St^""-^.'*^  "^ 

lite  IS  in  con  unction  with  the  sun.  she  is  dewnd  unon  fh/  nSf  *     ^T  **^*H 

mow  strongly  attracted  by  the  latter  eS^h  boT-    nL  iif^"*  i^.**  ""*  "' 

than  the  earth,  and.  when  in  oDDOsiUon  W™„     ?"    "°^  ^^^T  distances  are 

the  earth  mor^  strongly  thMtormoon.'  m.«.;"~^*T'  i''*"'.  ^^  '»"»  »'  'heir 

the  effect  produced  leinHn  eLh  c«^  "e"ssarv  t^  ^^.,1"""?*    "  "'  '''•''"^• 

exactly  the  same,  namely,  to  increase  the  o^^.f^J'  °  **H?.  ?'*>  "^"•"  »e«n»l 

distant  from  the  moon  to  thnXs  of  S""""*'"""'  "hwh  must  clearly  affect 

the  earth:  so  may  werea^V^W  LffonS  1**  *'•**•'/"''••  "  ^ 
gard  to  the  surface  of  the  ocean  and  the  di^tZl  o?  ,t^\  ""il  '"'^  ?"~"'  ^^e 
centre  of  the  earth.  That  portion  of  the  wsSHve  otwt  ^""m  *  ?*T*  5'u'" 
water  which  has  the  moon  on  the  mer^  ihJ^ti  ?*u  *  r'-  Newton  found  that 
dian  and  above  the  horiion.  wiU  l^ more  Mn~  1'°.°'  ^  ^Z"^  ^^  »'^"'  <*  =  '• 
rt,x,ngly  attflMited  than  the* e^h^^"  Mo««tensive  observations  have  made 
tre ;  and  again,  that  centre  more  stronirlv       irthl  -  \u 

than  the  portion  under  a  merWiCTii  if  itl  t^^  k***-?  ^^^  *?'>"*•  «>' 
tent  half  a  cireumference  from  the  fiwt  il'.^i*  "^  '  spheroidal  form,  tlie  axis  of 
Towards  each  of  these  mwSiaw  thin    S  fhl     vT  Pf;pen««cular  to  the  plane 

the  waterwiU  rise,  and  itTffisuS    Sic^al'Sl'S  ^nJ""""  "^•*'"  ^"'- 

noctiai  points,  called  precession,  would 
_ not  take  place ;  nor  would  the  action  of 

•  coiMitiieLiftof  Qriueo.  p.ri.   •         lul*^?„!f"'*  many  degree  toproduce  an 

v«ueo.p.7i.  wteJ^tion  in  the  moUons  of  the  earth : 


HISTORY  OF  ASTRONOMY^                              8ft 

for  in  either  case,  the   action  upon  not  merely  the  elliptic  orbits  of  tho 

the  two  parts  of  the  latter,  above  and  planets,  and  the  law  of  their  periodic 

below  the  place  of  the  ecliptic*  would  l>e  times,  but  all  the  irregularities  of  their 

equal,  and  would  act  in  contrary  ways  motions  were  consequences  of  one  great 

to  produce  any  change  of  position  in  the  principle,  and  might  be  deduced  from  it 

axis  of  rotation.    But  this  is  no  longer  bv  rigorous  calculation.     In  the  com« 

the  case  when  the  earth  is  spheroidal,  piete  execution  of  these  calculations,  it 

and  the  axis  inclined  to  the  ecliptic.   To  has  been  found  necessarjr  to  have  re« 

examine  what  takes  place  in  this  case,  course  to  methods  differing  consider^ 

>}ewton   considered   the   earth   as   a  ably  from  those  of  the  inventor;  but 

sphere    surrounded  by  a  meniscus  of  the  most  distinguished  of  his  successors! 

matter,  whose  greatest  thickness  is  at  have  cheerfully  recognized  in  him  the 

the    equator,  and    he  compared  each  first  of  mathematicians  and  philosophers* 

particle  of  this  meniscus  to  a  small  the  father  of  physical  astronomy*, 
satellite  revolving  round  the  earth  in 
twenty-four  hours.    To  each  ot  these 

satellites  we  may  apply  what  has  been  Chapter  XVIL 
already  said  relative  to  the  orbit  of  the 

moon;  and  for  the  same  reasons  the  Bradiey^—Aberralion of ihe Fixed SiavM 

sun  will  cause  the  nodes  of  each  of  — Nutation* 
these  particles  to  retrograde,  at  each 

diurnal  revolution,  as  the  nodes  of  the  From  the  time  that  the  Copemican 
moon  do  at  each  lunation.  From  the  hypothesis  was  generally  received,  the 
sum  of  all  these  small  motions  will  re-  attention  of  astronomers  was  more  and 
suit  a  daily  retrogradation  of  the  points  more  drawn  to  the  parallax  of  the  fixed 
of  intersection  of  the  equator  and  the  stars.  It  was  well  known  that  this  pa- 
ecliptic — ^that  is  to  say,  of  the  equinoxes ;  rallax,  if  it  existed,  must  be  very  small ; 
and  though  it  is  extremely  small,  yet,  as  but  it  seemed  reasonable  to  suppose,  that 
it  b  daily  repeated  in  the  same  direction,  a  line  of  such  magnitude  as  the  diameter 
the  effect  at  the  end  of  a  year  will  be  of  the  earth's  orbit  woidd  subtend  an 
very  sensible.  angle  of  at  least  a  few  seconds  at  the  Ois« 

It  must  not,  however,  be  supposed,  tance  of  the]  nearest  fixed  star.  Though 
that  the  whole  precession,  or  even  the  the  non-existence  of  any  parallax  wag 
greater  part  of  it,  results  from  the  action  not  considered  su£Bcient  to  shake  the 
of  the  sun.  The  attraction  of  the  moon  conclusive  arguments  urged  in  favour  of 
produces  an  effect  exactly  similar  in  its  the  earth's  annual  motion,  yet  it  was 
nature  to  the  former,  and  much  more  felt  that,  were  it  once  clearly  established, 
considerable.  It  depends  upon  the  however  small  the  quantity,  the  question 
spheroidal  figure  of  the  earth,  and  the  would  be  decided  beyond  all  contro- 
inclination  of  its  axis  to  theplane  of  the  versy.  With  this  view,  Galileo  pro- 
lunar  orbit.  The  lunar  orbit,  however,  posed  a  method  of  observation,  which 
being  but  slightly  inclined  to  the  eclip-  ne  never  seems  to  have  realised,  but 
tic  the  retrogradation  of  the  intersec-  which  has  been  re-invented  in  an  im» 
tions  of  the  equator  and  this  orbit  will  proved  form  in  modem  times,  and 
not  differ  materially  from  that  of  the  in-  successfully  used  by  M.  D'Assas  de 
tersections  of  the  equator  and  the  eclip-  Montdardier.  This  method  consists  in 
tic.  The  joint  effect  of  the  sun  and  fixing  invariably  a  telescope,  and  at  a 
moon  will  produce  a  precession  of  about  considerable  diiitance  from  it,  in  the 
50''  annually,  and  of  this,  about  33"  are  field  of  view,  an  opaque  object ;  as,  for 
due  to  the  latter  alone*  example,  an  horizontal  beam.    In  this 

The  explanation  of  Newton  indicates  way  a^ificial  occultations  are  produccxi 

the  true  cause  of  the  great  phenomenon  by  the  disappearance  of  the  star  behind 

of  the  precession  of  the  equinoxes,  so  the  object ;  and  should  the  latter  pass 

long  involved  in  mystery,  and  is  fully  at  different  altitudes  at  different  times  of 

worthy  of  the  sagacity  of  its  illustri-  the  year,  it  will  at  one  time  suffer  an 

ous  inventor.     But  in  his  day  analysis  occultation  which  it  will  not  at  another, 

and  mechanics  were  not  sufficiently  ad-    ^ 

vanced,  to  admit  an  exact  investigation  .„_^         .        .«   ,.v        .  ,.     , 

,  ..     ' .      ^   ^^ii^^.  ^t  ♦!,«  «»«fK«.  •Newton  WM  born  at  Woolcborpe,  In  Lincoln- 

of  the   various   motions  of  the  earth  S  ,w„,  ,„  ^  y^„  ,1^2  :  be  diedin  London  in 

axis  produced  by  the  attractions  of  the  17S7.    Tbe  ftnt  edition  of  bla  famous  work.  th« 

,un   moon,  and  planet,,    The  glory  of  ir^S^^t^^'^n'S^^SS^^VSUJi 

Newton  consists  m  bavmg  shown  that  remarkable  dlacovtiiet  for  mtDfyeon. 
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or  it  nfty  be  teen  to  pass  at  one  time  observations  on  several  stars,  fband  ftr 
above,  at  another  below  the  beam:  the  a  mean  about  15*.    But  though  he  aa- 
ftict,  then,  of  a  change  of  position,  even  nounced  his  discoverjr  with  much  coo- 
though  very  small,  may  be  thus  ascer-  fidence  in  the  Copernicus  Ty^tanphsni, 
tained.     It  is  better,  however,  as  has  we'know  that  his  determination  is  consi' 
been  done  by  M.  D^Assas,  to  make  the  derably  too  great,  and  his  means  of  obser 
object  triangular,  and  suffering  it  to  vation  were  apparently  inadequate  to  the 
extend  across  the  whole  field,  to  mea-  solution  of  so  nice  a  problem.  About  the 
sure  the  time  between  the  apparent  im-  same  time,  Cassini  having  observed  the 
merston    and  emersion;    this  intervd  variations  of  altitude  in  Siiius.  conceived 
evidently  depending  upon  the  altitude  of  that  he  had  been  able  to  distinguish  the 
the  star.    By  observations  of  this  kind,  effects  of  a  parallax.   But  it  is  unneeet- 
M.  D'Assas  seems  to  have  established  sary  to  enumerate  at  any  length  ths 
satisfactorily  an  absolute  parallax  of  2"  attempts  of  a  similar  kind  before  thi 
for  the  star  Keid*,  l'^43  for  Rigel,  and  time  of  Bradley,  as  the  small  motiom 
1".24  for  Sinus  t.  observed  involved  the  effects  of  abem- 

To  go  back  to  the  year  1660,  we  find  tion  and  nutation,  phenomena    which 

at  that  time  Hooke  engaged  in  researches  were  then  unknown, 
of  the  same  nature.    With  a  telescope        In  the  year  1725.  two  English  asfro- 

of  thirty-six  feet,  placed  vertically,  he  nomers,  Molynem:  and  Bradfley,  begsa 

observed  during  several  years  the  bright  to  observe  with  a  zenith  sector,  the  stir 

fctar  in  the  Dragon's  head}  passing  very  y  Draconis,  which  was  selected  fixta 

near  his  zenith :  'he  found  its  altitude  its  passing  very  near  the  zenith  of  tbev 

generally  less  near  the  winter  solstice  observatory  at    Kew*.     Obserratiom 

than  in  the  summer.    This  he  concluded  made  on  the  3d,  5th,  11th,  and  I2th  <tf 

to  be  the  effect  of  parallax ;  and  pub-  December,  not  having  indicated    asj 

Hshedhisresultsasaproof  of  the  motion  material  difference  in  the  place  of  the 

of  the  earth.    Following  the  same  ideas,  star,  they  were  about  to  be  discontinned 

Flamstead,   with    a   mural   quadrant,  for  a  time,  when  Bradley,  having  from 

made  a  series  of  observations  on  the  curiositv  repeated  his  observation  on 

altitude  of  «  polaris,  in  which  he  found  the  IZth,  perceived  that  the  star  passed 

variations  of  the  same  kind.     These  rather  more  to  the  southward  than  be- 

variations,  indeed,  had  been  previously  fore.    This  was  at  first  attributed  to  the 

noticed  by  Picard,  when  sent  to  deter-  uncertainty  of  the  observations ;  but  it 

mine  the  latitude  of  l^ho's  observatory  was  confirmed  by  the  star's  passage,  on 

at  Urainburg.    But  it  was  shown  by  the  19th,  still  farther  to  the  southwarl 

several  astronomers  that  these  could  not  These  appearances   surprised  Bradley 

be  the  result  of  any  annual  parallax ;  and  Molyneux,  since  they  could  not  be 

since  this  would  not  tend  to  make  the  the  result  of  annual  parallax ;   and  at 

zenith  distance  of  this  star  greater  in  first  they  imagined  that  they  might  arise  * 

winter  than  in  summer,  but  greater  at  from  some  change  of  place  in  the  in* 

the  vernal  than  at  the  autunmal  equi-  strument.    But  this  idea  was  soon  ex- 

nox.  eluded  by  the  regularity  of  the  motion 

Flamstead,  having  been  unsuccessful  observed.    At  the  beginning  of  March, 
in  his  attempt  to  discover  the  parallax  1726,  the  star  was  found  20"  more  south- 
by  the  variations  in  declination,  Romer  erly  than  at  the  time^of  the  first  observa- 
conceived  that  the  variations  in  right  tion ;  and  this  was  the  limit  of  its  pro- 
ascension  would  be  better  adapted  for  gress  in  this  direction :  ^themkidleof 
the  purpose.    For  many  vears  he  pro-  April  it  began  to  return  to  the  north ; 
secnted    observations  with    this  view,  and  about  the  beginning  of  June  had 
which  were  continued  and  published  by  returned  to  the  same  zenith  distance 
his  pupil  Horrebow.    The  results  were  that  it  had  in  December.    It  then  pro- 
not  very  satisfactory:  all  that  Romer  ceededto  the  northward  for  about  20"; 
ventured  to  affirm  was,  that  the  sum  of  and  in  September  began  to  return  to  the 
the  parallaxes  of  Sinus  and  «Lyrse  was  south,  reaching  in  December  the  place 
between  a  minute  and  a  minute  and  a  it    occupied    twelve    months    before, 
half  in  space  $ :  Horrebow,  from  his  own  allowing  for  the  precession  of  the  equi- 
—                          '  noxes. 

t  connoiMiw;  det  t«im.  issi.  iddiUoDi.  .."^^f  ^^^F  ^^  ^^^^  changes  exdading 

p.  134.  the  idea  of  an  annual  parallax,  Bradley 

t  Pblloaoph.  Traowot.,  No.  101.  ' ^ 

J  Horrebow,  BmH  ▲•(roDoniio  •  v.  FbUoc  IVftOMct.  VoL  snT.,  p. «/« 
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it  first  suppose  they  might  be  caused    of  it  which  will  be  discerned  when  the 

by  a  nutatiOQ  of  the  earth's  axis.    But    eye  comes  to  A,  is  at  C  when  the  eye  is 

this  idea  was  rejected,  as  a  small  star,    at  B.    Suppose  BO  a  tube  of  such  a 

with   nearly  the   same   declination  as    diameter  as  to  admit  but  one  particle 

V   Draconis,  but  differini;  from  it  in    of  li^ht:  then  the  particle  of  lisrht  thrown 

right    ascension   about    160    degrees,    ofF  nt>m  C,  by  which  the  object  must 

experienced  in  the  same  time  a  change    be  seen  when  the  eye  arrives  at  A,  wiH 

.of  declination,  not  amounting^  to  more    pasi  down  the  tube  BO  if  it  be  inclined 

than  half  of  the  former :  had  the  earth*s    to  BD,  at  the  angle  DBO,  and  accom- 

axis  moved,  the  alteration  in  both  stars    pany  the  eye  in  its  motion  from  B  to  A ; 

f^om  this  cause  must  have  been  nearly    and  it  will  not  pass  down  the  tube  if  it 

equal.    In  order  to  investigate  the  sub-    have  any  other  inclination  to  BD.    Si" 

ject  more  completely,  Bradley  erected  at    milarly  If  the  eye  moved  the  contrary 

Wanstead  a  sector  of  12^  feet  radius,    way,  with  the  same  velocity,  from  D  to 

with  an  are  of  about  ef^  on  each  side  of   A,  the  tube  must  be  inclined  at  the 

the  zenith ;  and  with  this  he  examined    itngle  BDC.     Although  then  the  line 

carefully  during  a  whole  year  the  mo-    drawn  to  the  real  place  of  an  object  be 

tions  of  y  Draconis*  and  several  other    perpendicular  to  the  line  in  which  the 

stars.     He  soon  remarked  that  only    body  is  moving,  the  line  drawn  to  the 

those  stars  situated  near  the  solstitid    apparent  place  will  not  be  so ;  since  it 

eolure  had  their  (greatest  digressions    must  depend  upon  the  direction  of  the 

when  the  sun  was  m  the  equinox ;  but    tube ;  and  the  difference  between  the 

that  these  digressions  took  place  for  all    true  and  apparent  places  will  depend, 

when  they  passed  the  lenith  at  six  in    caterii  paribus,  upon  the  proportion 

the  morning  or  evening ;  and  again,  that    between  the  velocity  of  light  and  that 

each  was  farthest  north  when  it  passed    of  the  eye. 

at  six  in  the  evening,  and  farthest  south  If  the  earth  revolve  round  the  sun 
when  it  passed  at  six  in  the  morning.  annually,  and  the  velocity  of  light  were 
After  various  conjectures  the  happy  to  the  velocity  of  the  earth*s  motion  in 
idea  occurred  to  Bradley,  that  all  these  its  orbit  (supposed  circular)  as  1000  to 
phenomena  proceeded  from  the  progres-  one,  a  star  really  placed  in  the  pole  of 
sive  motion  of  light,  and  the  annual  the  ecliptic,  would,  to  an  eye  carried 
motion  of  the  earth  in  its  orbit.  He  along  with  the  earth,  seem  to  describe 
Considered  this  matter  in  the  following  a  circle  round  that  pole  of  3}'  radius.  If, 
way.  Let  0  A  be  a  ray  of  liriit  falling  on  the  other,  hand  the  greatest  alteration 
perpendicolarly  on  the  line  ^D ;  then    of  this  star  be  known,  we  may  deduce 

the  proportion  between  the  velocity  of 
light  and  that  of  the  earth  in  its  orbit ; 
and  from  this  we  may  find  the  difference 
between  the  true  and  apparent  place  of 
any  other  star  for  anytime;  or  con** 
versely,  given  this  difference,  we  may 
find  the  proportion  between  the  two 
velocities. 

A  star  neither  in  the  pole  nor  In  the 
plane  of  the  ecliptic  will  appear  to  de- 
scribe  al>out  its  true  place  an  ellipse, 
whose  axis  major  is  parallel  to  the  eclip- 
tic, and  equal  to  the  diameter  of  the 
little  circle  described  by  the  star  in  the 
pole,  while  the  axis  minor  will  be  to  the 
axis  miyor  as  the  sine  of  the  star*s  lati- 
if  the  eye  is  at  rest  at  A,  the  object    tude  to  the  radius.    Bradley  proceeds 
mugt  appear  in  the  direction  AC,  whe-    to  show  how  the  semi-axis  major  of  the 
ther  lignt  be  propagated  in  .time  or  in-    ellipse  mav  be  deduced  from  the  differ- 
stantaneously.  But  ifthe  eye  be  moving    ences  of  declination ;  and,  applying  his 
ft-om  B  towards  A,  and  light  be  propa-    fbrmulss  to  the  preceding  observations 
gated  in  time  with  a  velocity  that  is  to    on  r  Draconis,  he  found  for  the  diameter 
Sie  velocity  of  the  eye  as  CA  to  BA,    of  the  small  circle  at  the  pole  40".4. 
then  light  moving  from  C  to  A,  while    One  half  of  this  is  the  angle  ACB  in  the 
the  eye  moves  from  B  to  A,  that  particle    figure:  henee  we  may  conclude  that 
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AC  is  to  AB  as  10210  to  1 ;  and  it  foK-  the  cause  of  the  ooimezioa  behreea 

lows  that  light  moves  from  the  sun  to  these  variations, 
the  earth  in  8'  12"  of  time.    The  result       ^  I  suspected,*  says  Bradley, '  that  the 

given  by  ^^ Draconis  was  confirmed  within  moon*s  action  upon  the  equatorial  parts 

a  second,  by  various  other  stars ;  and  of  the  earth  might  produce  these  effects, 

it  agrees  very  well  with  observations  For  if  the  precession  of  the  equinox  be, 

made  in  later  times  on  the  eclipses  of  according  to  Sir  Isaac  Newton's  prin- 

Jupiter's  satellites.  ciples,  caused  by  the  action  of  the  sun 

To  these  apparent  changes  in  the  and  moon  upon  those  parts,  the  plane  of 
places  of  the  nxed  stars  the  name  of  the  moon's  orbit  being  at  one  time 
aberration  has  been  given ;  and  the  above  ten  degrees  more  inclined  to  the 
discovery  ranks  in  importance  next  equator  than  at  another,  it  was  reason- 
only  to  the  laws  of  Kepler,  and  the  able  to  conclude,  that  the  part  of  the 
precession  of  the  equinoxes.  But  this  whde  annual  precession,  which  arises 
IS  not  the  only  triumph  of  the  English  from  her  action,  would  in  different 
Hipparchus,  as  Bradley  has  been  justly  years  be  varied  in  its  quantity ;  whereas 
called.  Scarcely  had  he  determined  the  the  plane  of  the  ecliptic,  wherein  the 
laws  of  the  motions  produced  by  the  sun  appears,  keeping  nearly  always  the 
successive  propagation  of  light,  than  Us  same  inclination  to  the  equator,  thst 
attention  was  excited  by  a  new  pheno-  part  of  the  precession  which  is  owing  to 
menon  *.  Continuing  his^observations  the  sun*s  action,  may  be  the  same  eveiy 
vrith  the  sector,  he  found  a  gr^er  ap«  year;  and  from  hence  it  would  follow 
parent  change  of  declination  in  stars  that,  although  the  mean  annual  preoes- 
near  the  equinoctial  colore,  than  could  sion,  proceeding  from  the  joint  actions 
arisefromaprecessionof  50''in  ayear;  of  the  sun  and  moon  were  50'',  yet 
and  at  the  same  time  an  effect  of  ex-  the  apparent  annual  precession  might 
actly  an  opposite  nature  in  stars  near  sometmies  exceed,  and  sometimes  fall 
the  solstitifu  colore.  From  the  year  short,  of  that  mean  quantity,  according 
1727  to  1732  the  changes  in  question  to  the  various  situations  of  the  nodes  <» 
amounted  for  some  of  the  stars  to  9"  or  the  moon's  orbit*  It  is  difficult  to  give 
10".  It  being  evident  that  an  altera-  a  more  lucid  account  of  the  causes  of 
tion  of  the  quantity  of  the  precession  nutation  than  in  these  few  words  of 
would  not  explain  these  changes,  Brad-  Bradley.  The  phenomena  both  of  pre- 
ley  reverted  to  the  idea  which  had  cession  and  nutation,  considered  as  con- 
occurred  to  him  first,  when  considering  sequences  of  the  solar  and  lunar  attrao- 
the  causes  of  the  aberration,  namely,  a  tions  upon  the  spheroid  of  the  earth, 
nutation  of  the  earth's  axis.  This  he  were  subjected  to  rigorous  investigation 
found  confirmed ;  for,  while  y  Draconis  by  D*Alembert,  and  the  comparison  of 
appeared  to  have  moved  northward,  the  his  results  with  observation,  placed  be- 
small  star,  35  Camelopardali,  which  was  yond  dispute  the  correctness  of  the  ex- 
almost  opposite  to  it  m  right  ascension,  planation  given  by  Bradley, 
seemed  to  have  gone  as  much  towards  Machin  suggested  an  elegant  oon- 
the  south;  and  the  same  thing  was  struction  for  representing  the  various 
observed  in  a  similar  comparison  of  effects  of  nutation.  The  precession  of 
other  stars.  These  naotions  were  found  the  eouinoxes  may  be  conceived  to  be 
to  l)e  in  connexion  with  the  position  of  caused  by  a  slow  retrograde  conical 
the  nodes  of  the  lunar  orbit.  Thus  motion  of  the  axis  of  the  equator  round 
y  Draconis,  in  the  course  of  nine  years  that  of  the  ecliptic,  the  angle  of  the  two 
(firom  1727  to  1736),  or  half  a  revolu-  remaining  invariable,  so  that  the  pole  of 
tion  of  the  node,  moved  10''  to  the  the  equator  describes  the  circumference 
north :  and  at  the  end  of  the  nine  sue-  of  a  small  circle  perpendicular  to  the 
ceedin^  years  had  returned  exactly  to  former  axis.  This  at  least  would  repre- 
its  original  position  in  1727.  Two  sent  the  phenomena  of  precession,  were 
things  were  thus  ascertained:  that  the  it  uniform;  as  it  may  easily  h&  seen 
motions  in  question  resulted  from  a  that  the  equinoxes  in  this  case  would 
change  of  position  in  the  earth's  axis,  have  an  uniform  retrograde  motion 
and  that  these  changes  were  connected  through  the  circumference.  We  may 
with  the  places  of  the  nodes  of  the  consider  the  small  circle  above- men- 
moon's  orbit.  It  remained  to  discover  tioned  as  the  locus  of  the  mean  pole  of 
. the  equator,  round  which  the  real  pole 

•  V.  FhUo6oph.Trwnct.for  1748,  p.  1.  oscillates  in  consequence  of  the  nuta* 


filSTORl?  69  ASTRONOMY.  4S 

tlovi.    Machin  supposed  the  real  |>ole  to  the  mean  length  of  A  dleg;ree  56960 

describe  round  the  mean,  in  the  time  of  toises. 

a  revolution  of  the  lunar  nodes  through  These  measures  indicated  a  decrease 

the  ecliptic,  a  small  circle  of  18"  diame-  in  the  length  of  the  degree  from  the 

ter.     It  would  be  more  accurate  to  sub-  equator  to  the  poles ;  but  it  is  rather 

Btitute  for  this  small  drde  an  eUipse,  remarkable  that  Cassini  and  his  coad- 

^hose  major  axis  occupies  an  arc  of  jutors  did  not  at  first  draw  the  legiti- 

IS'',  on  the  circle  of  latitude  passing  mate  inference  from  them.    For  if  the 

through  the  poles  of  the  equator  and  earth  be  flattened  towards  the  poles,  it 

the  ecliptic  to  which  it  is  atangent ;  the  is  not  difficult  to  see  that  the  length  of 

minor  axis  being  a  tangent  to  the  circle  the  degree  must  increase  as  we  recede 

on  which  the  pole  of  the  equator  moves  from  the  equator.    The  less  the  curva- 

X>arallel  to  the  ecliptic,  and  occupying  ture  the  greater  will  be  the  radius  of 

an  arc  of  Id''  of  a  great  circle  of  the  the  osculating  circle  to  the  meridian  at 

sphere.  any  given  point.     In  comparing  two 

degrees  measured  at  different  points. 

Chapter  XVIII.  ^®  ™*y  suppose  each  to  coincide  with  a 

degree  of  the  respective  osculating  cir- 

Ths  Figure  of  the  Earth.^Are  of  the  cle :  these  degrees  then  will  be  as  the 

Meridian  and  Parallel  measured  by  radii   of   curvature,  and  consequently 

Ca9nni  in  France-^Measure  of  a  will  increase  towards  the  poles.    Now 

Degree  in  Lmland—Veriflcation  of  the  degrees  of  Cassini  dimmished  m 

the  Arc  of  Caenni-^Meamre  of  a  this  direction,  yet  he  supposed  them  to 

Degree  in  Peru— Theoretical  Jnves-  indicate  a  flattenmg  at  the  poles,  consist- 

iigationt---Maclaurin  —  Clairault-^  ent  with  the  theories  then  generally  re- 

Measure  of  an  Arc  of  Parallel  by  ceived  ofNewton  and  Huyghens.  This 

Cassini—Degreee  of  La  Caille,  Bos^  mistake  of  Cassim  however,  was  soon 

covich,  Beccaria,  Mason,  and  Dixon,  rectified  in  the  Academy  of  Sciences ; 

and  he  was  reduced  to  the  dilemma  of 

Scarcely  had  Picard  completed  his  making  the  earth  a  spheroid,  elongated 

measure  of  a  degree,  before  the  Aca*  not  flattened  towards  the  poles,  or  of 

demy  of  Sciences  resolved  on  executing  giving  up  the  accuracy  of  his  own  ad- 

a  more  extensive  and  important  opera-  measurements.    He  embraced  without 

tion.    It  was  proposed  to  prolong  the  hesitation    the    former  alternative,  m 

arc  of  the  mer&ian  measured  by  him  in  which  he  was  supported  by  La  Hire, 

each  direction,  and  to  make  this  the  Maraldi  and  others  of  his  coadjutors. 

basis  of  a  new  and  accurate  map  of  The  mathematicians  and  philosophers 

PVance.     This  project,  first  entertained  of  the  Academy  could  not  however,  be 

in  the  year  1671,  was  partially  carried  brought  to  admit  a  conclusion,  which 

into  execution  in  1679  by  Picard  and  appeared  to  them  repugnant  to  the  laws 

La  Hire,    From  the  year  1680  to  1683  of  mechanics  and  the  theory  of  gravi- 

the  prolongation  of  the  meridian  was  tation  ;  and  they  preferred  very  reason- 

carried  on  with  activity  by  La  Hire  and  ably  to  suppose  some  error  in  the  ob- 

Cassini,  when  the  death  of  the  minister  servations,  rather  than  concede  conse- 

Colbert  suddenly  interrupted  their  pro-  quences  so  much  at  variance  with  all 

ceedings.    The  measure  of  the  meridian  physical  considerations.    On  the  other 

was  not  resumed  till  1701,  when  Domi-  hand  Cassini  and  his  partisans  stood 

nique  Cassini,  assisted  by  his  son,  pro-  firm ;  and  to  solve  the  difficulty,  it  was 

longed  it  to  the  southernmost  extremity  determined  in  the  year  1 773  to  measure 

Of  Prance,  determining,  geometrically,  an  arc  perpendicular  to  the  meridian  of 

the  length  of  an  arc  of  more  than  six  Pwis,    and  thence   to   conclude   the 

degrees ;  he  concluded  the  mean  length  length  of  a  degree  of  the  parallel  in  that 

of  a  degree  to  be  57097  Parisian  toises.  latitude.    By  a  sort  of  fatality  this  arc. 

It  still  remained  to  measure  the  arc  in-  when  measured  and  compared  with  a 

tcrcepted  between  Paris  and  the  north-  degree  of  the  meridian,   conspired  to 

cm  extremity  of  the  kingdom.   Though  make  the  earth  elongated,  not  flattened 

this  had  been  partially  done  by  La  Hire,  towards  the  poles,  and  to  corroborate 

it  was  found  necessary  to  repeat  the  the  system  and  measures  of  Cassmu 

whole  operation  from  the  extremity  of  It  was  however  urged  on  the  other  side 

Picard'sarc.    This  was  effected  in  1718  that  this  measure  of  a  perpendicular 

by  Jacques  Cassini,  who  prolonged  the  was  inadequate  to  throw  any  additional 

meridian  to  Dunkirk ;  he  obtained  for  Ught  on  to  delicate  a  question. 
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This  m  faet  11  quite  true :  the  deter^  basewaemeMttredonthefttiseiiiRRfMt 

mination  of  a  degree  of  a  parallel  is  a  of  the  river,  about  the  middle  ci  thi 

difficult  and  delicate  operation;  audit  arc;  and  two  independent  measures,  by 

is  certain  that  the  arc  of  Catsini  de*  two  sets  of  observers,  differed  only  fooi 

serves  no  kind  of  consideration.    It  is  inches :  its  length  was  7406  toises,  5 

sufficient  to  observe,  that  the  difference  feet    The  terrestrial  angles  were  ob- 

of  longitude  between  the  extremities,  served  with  a  (luadrant  of  two  fiset ;  tim 

was  determined   by   eclipses  of  Jupi-  azimuth  at  Kittis  was  found  by  obserr* 

ter's  satellites,  and  many  of  these  too.  ing  the  sun's  transit  over  the  vertical  of 

eclipses  observed  fOrmerlv  by  Picard  the  next  signal.    The  diatanoe  in  the 

and  La  Hire»  before  pendulum  clocks  direction  of  the  meridian,  l>etween  tSis 

were  in  use,  and  when  observers  never  extremities  of  the  arc  was  determined 

could  have  l)een  certain  of  their  time  to  by  the  method  of  paradlels  and  perpen- 

several  seconds.     Even  allowing  the  dioulars,  and  found  equal  to  56023.4 

observer  to  have  known  his  time  accu^  toises.     The   latitudes  were   obserred 

rately,  it  is  not  perhaps  too  much  to  with  a  zenith  sector  of  nine  feet  radioi, 

allow  half-a-minute  for  the    possible  constructed   by    Graham:    the    s&me 

error  of  observation  of  the  eclipse  of  a  stars,  namely  «  and  )  Draconis,   were 

satellite ;  an  error  oorrespondiog  on  the  observed  at  each  extremity.  The  differ* 

parallel  between  the  meridian  of  Paris  ence  of  latitudes  was  thus  found  to  be 

and  Brittany  to  5000  Parisian  toises,  57'.  29".  6 :  and  hence  an  arc  of  one 

In  order  to  put  an  end  to  these  doubts  degree  =  57422  toises. 
And   differences   of  opinion   upon  so       These   operations  were   carried    oa 
interesting    a  subject,  the  French  Aca-  under  circumstances  of  great  dilBcuItj, 
demy,  with  the  assistance  and  counte-  arising  from  the  nature  of  the  country, 
nance  of  the  king  and  his  ministers,  end  the  severity  of  the  climate.    Yet  so 
resolved  upon  sending  out  two  scientific  much  care  was  taken  in  its  execution, 
expeditions  to  measure  degrees  of  the  that  it  seems  fuUy  deserving  of  confi- 
meridian,  the  one  under  the  eijuator,  dence.    However,  doubts  having  been 
the  other  as  near  to  the  pole  as  circum*  thrown  upon  it,  the  arc  was  remeasured 
stances  would  admit.    An  inspection  of  and  extended   in   both   directions    by 
the  formulae  for  determining  the  ellip-  Swanberg,  in  the  years  1801, 1802,  ana 
ticity  of  the  meridian,  from  the  compari*  1803.  In  both  the  geodetical  and  astro- 
son  of  two  degrees  of  latitude,  shows  nomical  part  he  employed  exclusively 
that  the  most  favourable  combination  the  repeating  circle.    The  leneth  of  bis 
to  be  emploved  is  that,  where  the  mid>  arc  was  92778  toises ;  the  difference  of 
die  point  of  one  of  these  degrees  is  at  latitudes  1°  27'  19^5:  and  hence  the 
the  equator,  and  that  of  the  other  at  the  arc  of  1»  s  57196  toises.     The  differ* 
pole.    The  last  condition  evidentlv  can-  ence  between  this  and  thedeterminatk)a 
not  be  satisfied,  but  it  is  desirable  to  of  Maupertuis  is  very  Considerable ;  bat 
approximate  as  much  as  possible  to  the  it  is  not  easy  to  point  out  its  origin, 
combination  here  indicated.    For  these  The  geodetic  measures  agree  very  weil 
reasons  Bouguer,  La  Condamine  and  as  &r  as  they  go  together :  the  latitude 
Godin,  were  sent  to  Peru  in  1 735,  while,  of  Tomea,  as  determmed  by  Maupertuis, 
the  following  year,  Maupertuis,  Camus,  agrees  very  well  with  that  found  t^ 
Clairault,    and    Lemomer,    were    de-  Swanberg :  unfortunately,  the  latter  has 
spatched  to  Tornea  in  Swedish  Lapland,  not  verified  the  latitude  of  Kittis.    It  is 
This  latter  detachment  completed  their  at  all  events  the  opinion  of  several  able 
operations  several  years  before  the  re*  modern  astronomers,  that   the  arc  of 
turn  of  the  Peruvian  expedition,  which  Maupertuis   deserves   full   confidence, 
bad  to  contend  against  a  long  series  of  It  has  been  fullv  discussed  by  M.  Rosen* 
physical   and  moral  difiiculties.     Not  berger,  who  deduces  firom  it  for  the 
that  the    task  of  Maupertuis  and  his  length  of  l^  57405  toises*. 
companions  was  by  any  means  an  easy  '  The    comparison  of  the   deme  of 
one.    Their  original  intention  had  been  Lapland  with  those  measured  in  fVance, 
tomakeuseof  the  islands  in  the  Gulf  of  established  manifestly  the  fact  of  the 
Bothnia  for  their  stations ;  but  this  be-  compression  of  the  earth  towards  its 
ing  found  impracticable,  they  repaired  poles.     Yet  Cassini  and  others,  who 

to  the  valley  of  the  river  Tornea  in  La]j-  — 

land.    The  southern  extremity  of  their      *  v.  Schonaciitr*«ABtroiM>BitchcNMiiifeiitn, 

arc  was  near  the  town  of  Tomea :  the  ^^^  ^^^  *>*<^  ^^  'or  ^*^«  originrii  obwrtatioi»» 

Northern,  at  a  place  caUed  Kittis.  Their  JJ^'^J^J^j^SJ^'*'""^^'''"*-^'^ 
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had  mads  it  a  prolate  ipberoid,  attaohiotf  The  northern  Umit  of  tha  arc  mea^ 
an  undue  conndenoe  to  the  aeouracy  oi  sared  by  Bouguer  and  his  companions 
their  measures,  refused  pertmaciously  was  at  a  place  called  Tarqui,  2^  north 
to_  admit  the  oblate  fi^^ure ;  and  this  of  the  equator :  the  southern  extremity 
scientific  controversy  was  carried  on  for  at  Cotchesqui,  in  south  latitude,  3°  4^'« 
sooie  time,  not  without   considerable  A  base  of  6272  toises  was  measured  m 
acrimony.    At  length,  in  the  year  1739|  the  neighbourhood  of  Quito,  near  the 
Cassini  de  Thury,  grandson  of  Domi-  southern  extremity,  and  a  base  of  veri- 
nique,  assisted  by  La  Caille,  undertook  fication  of  5259  near  Tarqui.    These 
to  verify  the  arc  of  the  meridian  mea-  bases  were  measured  with  wooden  rods, 
sured  in  France.    In  the  course  of  this  compared  with  a  standard  iron  toise, 
Yerification,  which  was  conducted  with  the  expansion  of  which,  for  1*  of  tem- 
yery  great  care,  it  was  discovered  that  perature,  had  been  ele^antlv  determined 
a  considerable  error  existed  on  the  base  Dy  the  observation  of  its  vibrations  in  a 
measured  by  Picard,  which  had  contri«  given  time,  when  swung  as  a  pendulum 
buted  to  the  false  conclusions  of  Cassini  under  diflferent  temperatures.    In  cal« 
regarding  the  figure  of  the  earth*    The  culating  the  arc  of  meridian  from  the 
operations  now  carried  on  were  exe*  triangles,  33  in  number,  the  method  of 
cuted  with  all  the  precautions  desirable :  parallels  and  perpendiculars  was  used* 
six  bases  for  verification  were  measured  The  azimuths  were  found  by  observa* 
in  different  parts  of  the  kingdom.    The  tions   of  the    sun    near  the   horizon, 
latitudes  were  found  with  a  zenith  sector  Proper  reductions  were  made  for  the 
of  six  feet  radius,  and  the  same  stars  difference  of  elevation  between  the  ex- 
observed  at  each   station*.     The  re-  tremities  of  the  base,  as  also  between 
suits  fully  confirmed  the  flattening  of  the  different  signals.    Finally,  the  dis- 
the  menatans  towards  the  poles ;  and  tance  of  the  parallels,  passing  through 
from  this  time  the  figure  of  an  oblate  the  extremities  of  the  arc,  was  found  by 
spheroid  was  conceded  to  the  earth  by  Bouguer,  176940;   by  La  Condamine 
the  common  consent  of  mathematiciana  176950    toises.      The    latitudes    were 
and  astronomers.  observed  with  a  zenith  sector  of  12  feet 
In  the  meantime  Bouguer,  La  Con*  radius,  the  limb  of  which  was  subse- 
damine,  and  Godin,  were  carrying  on  quently  redivided  by  the  academicians 
their  measure  in  Peru,  undn*  extraordi-  themselves  by  a   new   and  ingenious 
nary  difficulties.   These  difficulties  were  method.    Perplexed  for  some  time  by 
caused  partly   by  the    localities,  and  the  discrepancies  of  their  observations, 
partly  by  the  ill-will  and  indolence  of  (for  they  were  not  yet  acquainted  with 
the  people  of  the  country.    The  place  the  inequality  of  nutation,)  they  at  last 
selected  for  their  measure  was  in  an  resolved  to  make  simultaneous  obser* 
elevated  valley,  between  the  two  prin*  vations  of  the  same  stars  at  the  two 
cipal  chains  of  the  Andes.    The  lowest  observatories.    The  star  principalljf  em- 
point  of  their  arc  was  at  an  elevation  of  ployed  for  this  purpose  was  i  Orionis, 
a  mile  and  half  above  the  level  of  the  In  this  way  the  difiference  of  latitudes 
sea ;  and  in  some  instances  the  heights  was  found  to  be  3^  7'  1" ;  and  they  con- 
of  two  neighbouring    signals  differed  eluded  the  length  of  l®,  the  one  =  567469 
more  than  a  mile.    Encamped  upon  the  other  =>  56749  toises.    Delambre» 
lofty  mountains,  they  had  to  struggle  ^ho  has  recalculated  this  degree,  finds 
against  storms,  cold,  and  privations  of  56737.     These  trifling  differences  are 
every  description,  while  the  invincible  not  of  much  moment  in  determining 
indltference  of  the  Indians  they  were  the  quantity  of  the  earth*s  compression, 
forced  to  employ  was  not  to  be  shaken  and  of  none  at  all  in  proving  the  fact  of 
by  the  fear  of  punishment  or  the  hope  the  flattening  towards  the  poles.    This, 
of  reward.    Yet  by  patience  and  inge*  indeed,  had  been   established  by   th^ 
Duity  they  overcame  all  obstacles,  and  measures  of  Maupertuis  and  Cassini, 
executed  with  great  accuracy  one  of  the  before  the  return  of  the  academicians 
most  important  operations  of  this  nature  from  Peru,    The  arc  of  Peru  afforded 
ever  undertaken.     To  accomplish  thif  a  satisfactory  confirmation  of  it,  and 
however  took  them  nine  years,  of  which  furnished  valuable  data^  for  determin- 
three  were  occupied  in  the  determination  ing  the  excentricity  of  the  elFiptic  meri- 
of  the  latitudes  alone*  diuL    It  was  found  however,  that  the 

three  measures  of  FVance,  Lapland,  and 


ftTg"  MiSTn'i'^iJSSS^SSl*^    Penij^gate,  when co«pa«d two  «d two 
Y6rifl^.  paru,  1744.  4to.  togetheTi  different  results  for  this  quan^ 
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tify ;  and  the  nunt^fons  arcs  since  mea-  begin  with  the  measure  of  the  metidisnf 
sured  have  offered  similar  anomalies,  and  owing  to  the  time  occupied  by  ikt 
With  the  caujse  of  these  we  are  not  fully  latter,  the  former  proposition ,  was  nem 
,  acquainted;  but  in  some  instances,  at  carried  into  effect^  Cassini  Vie  Thurr, 
least,  we  may  attribute  them  to  local  while  occupied  with  the  verification  of 
disturbances,  such,  for  example,  as  the  the  meridian,  undertook  to  measure  a 
attraction  of  a  considerable  chain  of  degree  of  a  parallel  in  the  south  of 
mountains*.  France.     The  extremities  of   the  m 

While   these   important    operations    were  Mont  St.  Victoire,  and  a  sttim 
Were  l>eing  carried  on  in  Peru,  consider-    near  Cette.  The  explosion  of  gunpowder 
able  advances  were  made  in  the  theo-    at  a  post  intermediate  to    these  wsi 
retical  branch  of  this  interesting  inres-    observed,  and  from  the  difference  cf 
ligation.    In  the  year  1740,  Maclaurin    apparent  times,  the  difference  of  lonci> 
Bhowed  that  the  oblate  spheroid  was  a    tuae  was  concluded  to  be  equal  to  V 
form  of  equilibrium,  and  gave  an  equa*    53'  19"  ;  the  length  of  the  arc  tk  the 
lion  by  which  the  ellipticity  can   be    parallel  between  the  two  meridians  was 
found  when  the  proportion  of  the  centri-    78599.6  toises  f.     The  comparison  of 
fugal  force  at  the  equator  to  gravity  is    this  with  the  arc  of  the  meridian  betweei 
known,  supposing  the  earth  to  be  an    Perpignan  and  Rhod^,  gave  an  elbp- 
homogeneous  fluid.    Maclaurin  showed    ticity  of  j|,.     A  comparison  of  the 
that  vvhen  the  centrifugal  force  is  small,    Peruvian  and  French  arcs  of  the  men- 
the  ellipticity  is  expressed  by  five-fourths    dian  had  given  an  ellipticity  of  ,},  ;  thai 
of  the  ratio  at  the  equator  of  this  force    of  the  Peruvian  and  Swedish  arcs,  ,^, ; 
to  gravity,  that  is  in  the  case  of  the  earth    and  as  we  proceed,  we  shall  find  in  otfaer 
J  X  ill  =  ih  ;  and  that  gravity  at  the    measures  discrepancies  equally  cons- 
pole  exceeds  the  gravity  at  the  equator    derable.    These  difficulties  weighed  so 
in  the  same  proportion;  and  that  the    strongly  with  Bouguer,  that   he    was 
increase  of  gravity  is  as  the  square  of    inclined  to  reject  the  ellipse  altogether, 
the  sine  of  the  latitude.    In  1 743,  Clair-    and  to  suppose  that  the  increase  of  the 
ault  published  his  Figure  of  the  Earth,    length  of  the  degree  was  proportional 
In  which  he  considered  the  subject  in  a    to  the  fourth  power  of  the  sine  of  the 
more  general  way,  discovering  the  form    latitude,  and  that  the  proportion  of  the 
of  equilibrium  on  the  following  supposi-    axis  was  as  178:  179.    But  Laplace 
lions :    First,  that  the  fluid  is  homo-    has  shown  that  such  a  figure  is  incom- 

Seneous,  with  a  spheroidal  nucleus  of  patible  with  the  observed  law  of  the 
ifferent  density.  Secondly,  that  the  decrease  of  gravity,  from  the  equator  to 
whole  mass  is  fluid  and  heterogeneous.  Pello  in  Lapland. 
The  form  of  possible  equilibrium  in  The  anomaly  offered  by  a  degree  of 
these  cases  is  approximately  an  elliptic  the  meridian  measured  m  1752,  near 
spheroid :  the  ellipticity  vanes  with  the  the  Cape  of  Good  Hope,  by  La  Caille, 
law  of  density,  and  other  circumstances,  was  still  more  remarkable  than  any  of 
but  in  all  cases  the  following  theorems  the  preceding.  This  astronomer,  who 
are  true.  The  increase  of  gravity  is  as  enjoys  the  highest  reputation  as  an  ob- 
the  square  of  the  sine  of  the  latitude;  server,  took  advantage  of  a  residence  at 
and,  secondly,  the  sum  of  the  ellipticity,  the  Cape,  undertfdcen  for  the  purpose 
iand  of  the  ratio  of  the  whole  increase  of  of  observing  the  southern  stars,  to  mea- 
firavity,  to  the  equatorial  gravity,  is  f  x  sure  a  degree  of  latitude  in  the  southern 
the  ratio  of  the  centrifugal  force  at  the  hemisphere.  All]  the  usual  precautions 
equator,  to  the  force  of  gravity  there,  were  taken,  the  instruments  appear  to 
This  last  important  theorem  has  been  have  been  good.  La  Caille  himself  was 
distinguished  by  the  name  of  its  in-  ojie  of  the  ablest  astronomers  of  the 
ventor.  eighteenth  century;    yet  according  to 

It  had  been  the  intention  of  Godin  this  measure,  a  degree  in  the  southern 
and  La  Condamine  to  measure  a  degree  hemisphere,  whose  mean  latitude  is  33^ 
of  longitude  at  the  equator ;  and  they  20',  is  equal  to  a  degree  in  the  northern 
even  wished  to  have  commenced  theur  hemisphere,  whose  latitude  is  45^.  The 
operations  with  this.  But  the  idea  was  amplitude  of  the  arc,  deduced  from  ob- 
strenuously  combated  by  Bouguer,  who  servation,  was  I®  13'  17".5 ;  the  length 
procured  an  order  from  the  minister  to    69669.1  toises;  and  hence  1°= 5703-1.4 


•  For  ft  complete  account  of  tbe  Fenivian  de-  ■■ -^— ____.«. 

nee,  aec  Bouguer,  Flfwede  la  Terrc  Parls,l749.        t  For  oa  accovnt  of  this  meMWC.  tee  the  M^ii. 
••••  dieone  VerlA^,  p.  S6. 


HISTORY  OP  ASTRONOMY.                               97 

tokes.  So  surprised  was  La  Caille  at  history  of  astronomy.  It  owes  this 
this  result,  that  ne  remeasured  the  base,  character  generally  to  the  great  inl- 
and recomputed  all  the  triangles,  still  provements  in  the  art  of  observing  then 
obtaining  the  same  result.  It  did  not  mtroduced,  and  more  particularly  to 
appear  to  him  that  the  observations  of  the  labours  of  Bradley,  La  Caille, 
the  terrestrial  angles  or  celestial  zenith  and  Mayer.  It  was  now  that  the 
distances  were  open  to  any  doubt.  transit  instrument  and  mural  quadrant 
The  limits  of  this  treatise  compel  us  began  to  be  extensively  employed ;  and 
to  pass  rapidly  over  two  degrees  mea-  from  this  time  we  can  date  the  formation 
sured  in  Italy,  the  onenear  Rimini,  by  of  good  catalogues,  and  collections  of 
Boscovich  and  Le  Maire  *,  the  other  in  really  trustworthy  observations.  For 
Piedmont,  by  Beccaria.  Astronomers  scientific  purposes,  observations  made 
never  seem  to  have  placed  much  confi-  before  the  year  1750  are  rarely  if 
dence  in  the  latter.  The  same  arc  has  ever  used.  It  may  seem  surprising  that 
been  remeasured  a  few  years  ago  by  the  transit  instrument  invented  by 
Plana  and  Carlim',  who  found  an  error  Romer,  and  the  mural  quadrant  by 
of  13^'  in  the  amplitude.  The  former  Picard,  should  not  have  been  more  pro- 
d^^e  (that  of  Boscovich)  has  been  fitably  employed  before  this  time.  When 
criticised,  but  it  has  found  able  defenders.  Bradley  succeeded  to  the  place  of  Astro- 
This  is  not  the  place  for  entering  into  nomer  Royal  in  1742,  he  found  a  transit 
discussions  on  the  details  of  such  opera-  instrument  of  live  feet,  which  had  been 
tions ;  nor  can  we  even  pretend  to  give  erected,  but  verj'  little  used,  by  Halley. 
an  account  of  the  various  experiments  Similar  to  the  original  instrument  of 
of  this  kind,  instituted  in  different  coun-  Romer,  the  telescope  of  this  transit  was 
tries,  and  at  different  times.  But  we  26  inches  nearer  one  extremity  of  the 
cannot  pass  over  in  silence  the  arc  axis  of  rotation  than  the  other ;  and  in 
measured  in  Pennsylvania  by  Mason  and  other  respects  its  construction  was  ob- 
Dixon,  in  the  year  1 764,  from  the  re-  jectionable.  Bradley  procured  a  new 
markable  circumstances  connected  with  transit  instrument  of  eight  feet,  with  an 
it.  This  operation  differs  from  all  others  axis  of  4^  feet,  and  an  additional  mural 
in  this  respect,  that  no  triangles  were  quadrant  of  8  feet  radius  *.  The  zenith 
used,  but  the  whole  line  (nearly  100  sector,  with  which  he  had  discovered 
miles)  measured  with  rods.  By  means  the  aberration  and  nutation  at  Wan- 
of  a  clock,  the  transit  instrument  was  stead,  was  so  placed,  as  to  be  used  for 
directed  upon  certain  stars  at  the  mo-  verifying  the  fine  o[  collimation  of  the 
ment  of  their  culminating,  and  then  two  mural  quadrants.  With  these  in- 
used  to  place  a  mark  in  the  direction  of  struments,  and  an  excellent  clock, 
the  meridian.  Thus  the  line  might  be  Bradley  made,  during  twelve  years, 
prolonged  in  that  direction,  or  if  it  de-  (from  1750  to  1762,)  one  of  the  most 
viated  from  it,  the  azimuth  might  be  extensive  and  valuable  series  of  obser- 
measured  and  allowed  for.  The  lati-  vations  ever  executed  by  an  individual, 
tudes  were  observed  with  a  six-feet  They  have  been  discussed  at  great 
sector,  which  was  reversed  at  each  sta-  length  by  M.  Bessel,  who  has  deduced 
tion.  The  amplitude  of  the  arc  was  from  them  a  number  of  important  con- 
found 1*^  28'44''.99  ;  the  length,  538079  elusions,  with  regard  to  the  places  of 
feet :  hence  the  degree  of  a  meridian,  the  fixed  stars,  to  refraction,  and  other 
whose  mean  latitude  is  39^  12',  is  equal  objects  of  equal  interestt* 
to  60628.7  English  fathoms,  or  56888.3  The  labours  of  La  Caille  in  France 
French  toises.  were   contemporaneous   with  those  of 

Bradley  in  England,  and  much  of  the 

Chapter  XIX.  same  nature.     We  have  already  had 

r                 ^-^1.       A  ^  r\v       •  occasion  to  allude  to  his  voyage  to  the 

Impravjmenttnthearto/^^  Cape  of  Good  Hope.    This  was  under- 

Bradleyj-LaCmlU---Mayer,^Equa^  ^^^^^     ^^j    ^^  (fetermine  more  accu- 

itons  of  cMukiton^-^Retwrn  of  the  ^  ,   ^j^^  parallax  of  the  sun,  and  partly 

comet  of  Halley, — Periodic  Comets  j        r                                   t      j 

suhiequently  discovered, — Transits  of 

Venus  in  the  years  1761  ami  1769.  •The  object-giaw  of  tbi«  ir«ii«it  was  not 

achromatic.    The  eye-piece  magnlfled  fifty  times. 

ThR    middle  of  the   eighteenth   century  There  were  are  parallel  wires  In  ihe  field. 

Cr>*».o    A   »«!«»  ;»iT^<^«>fonf    ar^nnVk    in    fJio  t  V.  Fundaiuenta    Astrooomiie.     Kunfgaberfir. 

forms    a  very  important    epoch    m    tne  jgjg       y^^.^      According    to   Bessel.   Bradley-s 

■  errors  In  right  ascension  are  under  I"  j  those  of 

*  In  Itaf  year  1750.  decUaation  under  4"  of  space. 

-  •  H 


M  HisfoiiY  OB*  AaraowoMY;' 

to  foxm  a  cataloprae  of  the  stars  in  the  in  a  parabola  61*  an  elllpfle  ;   for  the 
southern  hemisphere,   that    of  Hallcy  former  curve  may  alwajrs,   and  in  this 
being  altogether  insufficient.     In   the  instance  morft  especiallr.  be  considered 
latter  object  La  Caille  succeeded  com-  a  particular  case  of  tne  latter.      The 
pletely ;  having  within  ten  months  ob-  jhcts  of  the  case,  all  prejudice  being*  put 
served  ten  thousand  stars :  in  the  former  aside,  appear  to  be  these.     FWrai  the 
he  was  not  quite  so  fortunate ;  in  fact,  earliest   times  ther^    were  some  phi- 
the  transits   of  Venus   in    1761    and  losophers  Who  conceived  that    comets 
1769,  have  now  superseded  altogether  were  analogous  in   their  eonsfitufioDf 
other  methods ;  and  the  attempt  to  eon-  and  motions  to  the  planets  of  our  srs- 
elude  the  solar  parallax  from  observa-  tem.    This  has  been  sofficienfljr  showo 
tions,  such  as  those  of  La  Caille,  will  in  a  former  part  of  this  treatise.      It  has 
not  probably  be  again  resumed.     On  been  seen  too,  that  in  modem   times 
his  return  to  Paris,  he  devoted  himself  there  were  found  those  who,  unbiassed 
assiduously  for  the  rest  of  his  life,  to  ob-  by  Aristotelian  pre|udices,   maintained 
servation  and  calculation.    The  perfec-  the    truth   of  this  analogy.     As  the 
tion    of   the  theory  of  the  Sun,  ^e-  Peripatetio  philosophy  in  general  de- 
searches  on  the  law  and  magnitude  of  elined,  the  number  of  those  who  eon- 
refraction,  and  a  catalogue  of  four  hun-  eeivedeomets  not  to  be  meteors,  butper- 
dred  of  the  principal  stars,  are  the  most  manentbodies.likethe  planets.  Increased 
remarkable  productions  of  this  distin-  And  very  tiaturally,  as  long  as  the  plane- 
guished  astronomer.     It  is  a  curious  tary  orbits  were  supposedcircular,  sodi 
niustration  ofwhathas  been  said  above  persons  would  suppose  comets  to  de- 
regarding  the  transit  instrument,  that  scribe  circular  pams.    But  as  soon  as 
La  Caille,  in  the  middle  of  the  eighteenth  it  was  known  that  the  planetary  orbits 
century,  employed  the  method  of  corre*  were  elliptic,  thev  ^ould  aseribe  the 
spending  altitudes,  for  determining  the  same   form  to    tne  orbits  of  comets. 
right  ascensions  of  these  stars.  This  indeed  is  not  altocether  hypothe- 
Tobias    Mayer  deserves,  on  many  sis :  we  know  that  Tycno  Brah^  who 
accounts,  the  honour  of  being  associated  maintained  that  the  earth  was  the  centre 
with  Bradley  and  La  Caille,  among  the  of  the  celestial  motioits,  supposed  every 
greatest  astronomers  of  the  last  century,  comet  to  inove  in  an  are  of  a  great 
As  we  shall  have  occasion  to  notice  him  circle  of  the  sphen; ;  and  When  the  doc- 
again,  we  shall  now  merely  allude  to  trines  of  Copemiens  had  triumphed, 
his  important  researches  on  the  theory  and  those  of  Kepler  were  beginning  to 
and  laws  of  refraction,  his  Tables  of  obtain  credit,  w^  find  the  Earl  of  North- 
the  Sun  and  Moon,  and  his  catalogue  umberland   remarking,   in  a  letter  to 
of  Zodiacal  stars.   The  works  of  Mayer  Harriott,  when  speakinz  of  Kepler, — 

have  not  been  so  numerous  as  those  of  *'  I  am  much  in  love  with his 

many  others,  but  for  their  importance,  elliptical  iter  planetarum, — forraethinks 

and  the  talent  shown  in  their  execution,  it  shewes  a  Way  to  the  solving  of  the 

they  claim  the  very  first  place.  While  yet  unknown  walkes  of  comets*."    Thas, 

quite  a  youn^  man,  he  had  given,  in  a  too,  Boi^elli,  in  1665,  had  conjectured 

Memoir  on  the  Libration  of  the  Moon,  the  elliptic  form  of  these  orbits ;— as  has 

the  first  example  of  the  use  of  equations  already  been  stated.    ICepler  had  not 

of  condition  in  determining  simultane-  recognized  the  analogy  perceived  by  so 

ously  the  corrections  to  be  applied  to  all  many  of  his  successors,  und  had  eon- 

the  quantities,  which  enter  into  the  ana-  tended  that  the  trajectory  of  a  comet  was 

lytical  expressions  for  the  longitude  and  a  right  line.  Hevelius  followed  the  same 

latitude  of  a  planet   This  method,  which  ideas,  but  we  must  allow  him  the  credit 

has  now  become  of  daily,  and  indeed  it  of  having  remarked,-  and  indeed  proved, 

may  be  said  indispensable,  use  to  astro-  that  the  rectilinear  orbit  was  not  rxgor- 

nomers,  enables  them  to  employ  thou-  ously  accurate,  but  that  there  was  a 

sands  of  observations  for  correcting  the  sensible  deflection  from  it,  so  that  the 

elements  of  their  tables ;  and  conse-  trajectory  in  fact  approximated  to  the 

quently  has  given  a  precision  to  the  nature  of  a  parabola.    But  Hevelius  I7 

latter,  which  has  produced  most  im- 

portant  results  for   astronomy,   naviga*        *  I>e  Zach.  Corrnpond.  Astronom.  toL  vii.  p. 

tinn    A.nd  venorsinhv  1^^*    ^*  ^  ^^  ^^w  the  date  of  tbis  rcinarkabte 

uon,  ana  geograpny.  ^^^^  ^  ,^  ^^^  ^  ,^^^  ^^^  between  iSM  and 

A  considerable  discussion  has  arisen  I6I8  1  as  it  wa«  written  while  the  Earl  vat  anl. 

Tipon  the  point  to  whom  we  are  indebted  ■^•'  *°  ****  Tower,  to  which  he  wat  tent  in  iw, 

for  the  firit  idea  of  the  motion  of  comets  j;d;»»««>"  "-»»«*  •***  lesi,  H.nioii(U«iia 
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no  means  adinifted  the  permanent  na-  with  his  usual  genias,  he  pereeSved  that 

ture  and  return  of  comets ;  nor  did  he  the  cause  of  this  was  in  the  planetary 

suppose  as  we  do  now,  the  visible  arc  to  attractions,  he  was  unable  to  calculate 

be  that  of  an  ellipse,  which  from  its  p-eat  in  any    satisfactory    way    their  e£F^t 

excenfricity  is  sensibly  identical  with  a  upon  the  time  of  the  next  apparation^ 

parabola.    The  parabola,  according^  to  But  the  great  progress  of  matnematieal 

nim,  was   the  result  of  the  deflection  science  in  the  intenral,  enabled  Clair« 

from  a  straight  line,  produced  by  the  ault  to  resume  with  success  the  calc«« 

attraction  of  the  sun :  it  does  not  ap-  lation  of  those  perturbations.   Having 

pear  clearly  whether  or  not  he  meant  to  by  profound  and  ingenious  c^culationt 

Elace  the  sun  in  the  focus  of  the  para-  determined  the  disturbing  effects  of  Ja« 
ola.  It  has  been  supposed  by  nearly  piter  and  Saturn  on  the  comet  at  its 
all  the  astronomers  who  have  discussed  last  reappearance,  he  found  for  a  defi« 
this  point  in  later  times,  that  the  honour  nitive  result,  that  the  new  period  would 
of  having  first  established  the  parabolic  exceed  the  preceding  by  about  618  days* 
form  of  the  orbit,  the  sun  occupj^ing  the  and  he  fixed  for  the  time  of  its  next 
focus,  belongs  to  Durfel,  minister  of  passage  through  the  perihelion  4th  of 
Plauen,  in  Upper  Saxony,  who  showed  April,  1759*.  The  realization  of  this 
that  this  was  the  case  for  the  famous  prophecy  was  one  of  the  most  re* 
comet  of  1680,  and  extended  the  propo-  markable  events  in  the  annals  of  astro- 
sition  by  induction  to  all  comets  *.  But  nomical  science,  and  one  of  the  proudest 
it  has  been  said  by  some,  that  he  was  triumphs  of  the  Newtonian  theory.  It 
preceded  in  this  discovery  by  Frederic  has  immortalized  H alley,  whose  name 
Madeweis,  an  astronomer  of  Berlin,  in  has  l>een  justly  attached  to  this  memo- 
a  work  on  the  same  comet.  This  work  rable  comet,  and  it  conferred  additional 
of  Madeweis  is  only  known  (as  far  honour  on Ihe  already  illustrious  Clahv 
as  we  are  aware)  by  a  notice  of  Ries,  ault.  It  is  singular  that,  though  several 
professor  at  Tubingen,  who  has  stated  able  astronomers  were  on  the  look-out 
no  particulars,  and  with  whom  we  are  for  it  in  France,  it  was  first  perceived 
only  acquainted  from  a  quotation  given  by  a  Saxon  peasant  named  Palitsch,  on 
by  de  Zachf.  the  25th  of  December,  1758.  It  was 
Finally,  the  question  was  taken  up  by  soon  recognized  for  the  comet  of  1682 
Newton,  who  taught  that  comets  like  in  Germany ;  yet  the  news  of  its  dii» 
the  planets  revolved  in  ellipses  round  covery  did  not  reach  Paris  till  lonr 
the  sun,  but  that  their  ellipses  being,  afterwards.  In  the  mean  time  it  haa 
unlike  those  of  the  planets,  very  excen-  l)een  discovered  on  the  18th  of  January 
trie,  the  arc  visible  to  us  was  sensibly  by  Messier,  who  continued  to  observe 
identical  with  a  parabola ;  and  he  it  in  secret  according  to  the  orders  of 
showed  how  to  calculate  the  elements  his  patron  De  lisle,  till  the  14th  of 
of  a  comet*s  orbit  fVom  three  observa-  February,  when  the  matter  could  no 
tions  in  this  hypothesis.  The  subject  longer  be  concealed.  But  the  comet 
was  taken  up  with  ardour  by  HalJey ;  had  then  approached  too  near  the  sun 
and  it  has  l)een  seen  that  he  ascertained  to  be  seen ;  and  the  French  astronomers 
the  kientity  of  the  comet  of  1682,  with  were  obliged  to  content  themselves  with 
those  of  the  years  1607  and  1532.  So  observing  it  in  the  second  branch  of  its 
satisfied  was  he  of  their  identity,  that  orbit.  Such  disgraceful  conduct  as  that 
he  did  not  hesitate  to  predict  its  return  of  De  Tlsle  is  fortunately  of  rare  occur* 
about  the  year  1758 ;  and  conjured  pos-  rence  among  men  of  science, 
terity  to  remember  if  his  prediction  was  For  a  long  time  this  was  the  onhr 
verified,  that  the  discovery  was  of  £ng-  comet  certainly  known  to  return,  and 
lish  origin.  It  may  easily  be  supposed,  whose  periodic  time  had  l)een  fixed, 
that  as  the  year  1 758  drew  near,  great  Analoffy  indeed  led  men  to  suppose, 
curiosity  was  excited,  to  see  whether  the  that  if  one  comet  certainly  revolved  in 
prediction  would  be  accomplished.  The  an  ellipse,  and  revisited  our  system  at 
greatest  difficulty  of  Halley  in  predicting  regular  intervals,  that  such  also  would 
the  return,  had  been  in  the  inequality  of  be  the  case  with  others ;  but  this  was  t 
the  two  preceding  periods ;  and  though,  point,  very  difficult  to  verify.  For  in 
most  of  the  ellipses  hitherto  calculated 

*  The  work  of  Dorfel  Is  excesulTelf  rare  j  neither  . 

Flngre  nor  Delanbre  bad  erer  seen  it  j  It  waa  pab-  *  Clalraalt  himself  did  not  pretend  to  predict 

Uahed  In  1661 ;  a  short  account  of  it  by  Uathico,  tMt  passage  within  a  month,  from  the  anaToldabl* 

abridged  from  Barckhardt,  may  be  found  In  th«  uncertainty  of  seTcral  elements  of  bis  calcalatlofl. 

Blctoire  de  rAsUonomle,  an  fSoie.  sltele,  p.  ^U  The  comet  passed  its  perllieUoo  on  th«  IStli  oC 
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for  various  comets,  the  periodic  times  ments,  who  sent,  at  their  expense,  astro- 
have  been  so  considerable,  that  future  nomers  to  various   parts  of  the    globe 
generations  alone  can  witness  their  re-  favourably  situated  for  the  ol>servatioii. 
appearance.     This   however  was   not  The  FVench  government  sent  T^e  €rentil 
the  case  of  the  first  comet  of  1770,  for  to  Pondicherry,  La  Chappe  to  Tobol^ 
which  Lexell  found  an  ellipse,  with  a  and  Pingr^  to  the  isle  of  Rodrignez  in 
periodic  time  of  five  years  and  seven  the  Indian  ocean,  not  far  from  the  Man- 
months  ;  yet  from  causes  not  sufficiently  ritius.   Great  Britain  despatched  Mason 
known  it  has  never  since  reappeared,  to  the  Cape  of  Good  Hope,  and    Mas- 
But  the  present  century  has  witnessed  kelyne  to  St.  Helena.    Cloudy  weather 
the  singular  and  interesting  discovery  of  prevented  Le  Gentil  from  making  anj 
two  comets  returning  at  short  ])eriods ;  observation :  the  same  cause  hindered 
the  one  accomplishing  its  revolution  in  Maskelyne  from  observing  the  end,  and 
about  three  years  and  four  months,  the  Pingr^  the  beginning  of  the  transit ;  and 
other  in  rather  more  than  six  years  and  unfortunately  the  observations  at  the 
a  half.    The  orbits  of  both  of  these  re-  Cape,  and  the  island  of  Rodriguez,  whsi 
markable  bodies  lie  within  that  of  Ju-  compared  with  the   northern  obsem- 
piter,  so  that  in  every  sense  of  the  word  tions,  gave  different  results  for  the  sun's 
they  form  a  part  of  our  system,  differ-  parallax.    We  now  know  that  the  ob- 
ing  from  the  planets  only  in  the  great  servation  at  the  Cape  was  correct ;  bat 
excentricity  of  their  ellipses.  The  former  this  was  at  that  time  uncertain,  and  the 
of  these  was  recognized  as  a  periodic  doubts  still  hanging  over  the   question 
comet  for  the  first  time  in  the  year  induced  the  different  governments  to 
•1819.     M.  Ara^o  then  remarked  the  make  still  greater  exertions  for  the  ob- 
great  analogy  of  its  elements  with  those  servation  of  the  transit  of  1 769.    Franee 
of  a  similar  body  seen  in  1805;  and  Dr.  sent  the  Abb6  Chappe  to  California; 
Olbers  pointed  out  its  identity  with  the  England,  Dymond  and  Wales  to  Hud- 
comets  of  1759  and  1789.    M.  Encke  son's  Bay,  Call  to  Madras,  and  Green 
found  the  orbit  to  be  sensibly  elliptic,  to  the  island  of  Otaheite,  in  the  South 
and  that  it  had  performed  four  complete  Sea:   several  Russian  observers    were 
revolutions  betweenfl  8 05  and  1819.   He  stationed  at  various  points  of  Sibena, 
was  enabled  to  predict  its  reappearance  and  the  Russian  empire :  the  king  of 
for  the  year  1824,  which  prediction  was  Denmark  sent  Father  Hell  to  the  i^and 
exactly  verified,  and  it  has  been  ob-  of  Wardhus,  near  the  North  Cape ;  and 
served    again   in    its    subsequent   ap-  the  king  of  Sweden,  Planmann  to  Cai- 
preaches  to  the  sun,  so  that  the  elements  anebourg  in  inland.    At  the  stations  of 
of  its  orbit  are  known  with  as  much  Hudson's  Bay,  California,  Otaheite,  and 
accuracy  as  those  of  many  of  the  planets.  Wardhus,  the  observations  were  com- 
The  latter  of  the  two  periodic  comets  pletely  successful ;  and  this  important 
was  first  discovered  by  M.  von  Biela,  in  question  was  now  finally  decided.  After 
Bohemia,  in  the  year  1825  :  it  was  soon  a  great  deal  of  discussion  by  the  most 
recognized  as  identical  with  the  comets  eminent  astronomers,  the  parallax  of  the 
of  1 772  and  1806  ;  and  its  elliptic  orbit  sun  has  now  been  fixed  at  «".  6,  and  we 
and  perturbations  have  been  calculated  are  pretty  sure  that  the  error  does  not 
with  considerable  precision.    From  the  exceed  the  tenth  part  of  a  second, 
increased  attention  now  paid  to  the  ob- 
€ervation  of  these  small  but  interesting 

bodies,  we  may  confidently  anticipate  Chapter  XX. 
results  of  a  very  remarkable  nature. 

The  method  of  determining  the  sun's  Determimtion  of  Terrestrial  Longi- 
parallax  from  observations  made  on  the  tudes.-— Method  of  Lunar  Distances. 
transit  of  Venus,  has  been  explained  in  —Improvement  of  the  TaUes.^  Clair- 
a  preceding  chapter,  and  mention  has  ault.'-Mayer,  ^La  Place.  —Reflect- 
been  made  of  the  pathetic  address  of  ing  Instruments.— Repeating  Circle, 
Halley  to  future  astronomers,  conjuring  —Mayer,— Borda.  —  Chronometers. 
them  not  to  suffer  the  transits  of  1761  —Harrison, 
and  1769,  to  pass  without  the  accom- 
plishment of  this  purpose.  The  ideas  The  determination  of  terreslrial  lonri- 
of  Halley  have  been  executed  to  their  tudes  by  the  observation  of  celestial 
^*i  ^*L®^*^^*.  '^^^  o\>]efA.  was  thought  phenomena,  is  the  most  important  ap- 
of  sufficient  importance  to  be  taken  up  plication  of  asbronomy  to  the  purposes 
by  several   of  the  European  govern-  of  civil  life.    The  problem  is,  in  fact,  to 
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find  the  time  reckoned  at  a  iriven  instant  the  increased  mass  of  good  observations, 
at    Greenwich,   corresponding   to  the  enabled  Mayer,  who  was  at  once  a  pro- 
time  counted  at  the  same  instant  by  found  mathematician,  a  patient  calcu- 
the  observer  under  any  other  meridian,  lator,  and  a  good  practical  astronomer. 
All  the  methods,  of  any  practical  utility  at  to  form  lunar  tables  of  sufficient  accu- 
sea,  hitherto  proposed,  may  be  referred  to  racy  to  be  employed  for  the  purposes  in 
one  of  two  classes :  those  depending  on  Question  *.     For  this  valuable  service, 
observations  of  the  place  of  the  moon ;  the  widow  of  Mayer  received  a  recom- 
and  those  which  depend  on  the  trans-  pense  of  3000/.  from  the  British  govern- 
IK>rt  of  time  from  the  first  meridian  *.  ment ;  nor  does  this  reward  appear  at 
The  former  are  founded  upon  this  prin-  all  excessive.    Still,  by  this,  only  one 
ciple :    the  true  place  of^  the  moon*s  part  of  the   difficulty  was    removed  ; 
centre,  that  is,  her  place  corrected  for  there  remained  that  of  the  observation, 
parallax  and  refraction,  is  the  same  at  a  Gemma  Frisius  had  proposed  the  plan 
given  instant  for  every  meridian.     If,  now  adopted,  of  observing  the  distance 
then,  the  observer  can  at  any  moment  find  of  the  moon  from  a  known  fixed  star, 
that  place,  he  may  calculate  from  the  But  the  difficulty  of  this  observation, 
lunar  tables  the  Greenwich  time  cor-  l)efore  the  invention  of  reflecting  instru- 
responding:  to  that  position  of  the  moon's  ments,  caused  Lemonnier  and  Boueuer 
centre.     The  reason  why  the  moon  is  to  suggest  other  methods.    That  otthe 
selected  for  this  purpose  is,  the  great  latter  consisted  in  determining  the  time 
rapidity  of  her  motion,  compared  to  that  of  the  moon*s  transit  over  the  meridian 
of  any  of  the  other  planets.    For  if  we  by  the   observation   of  corresponding 
take  the  sun,  which  moves  so  much  altitudes  ;  but  this  is  objectionable  from 
slower,  and  if  we  allow  his  place  to  be  the  corrections  required  for  the  irregu- 
determined  with  an  uncertainty  only  of  larity  of  the  moon's  motion,  and  the 
a  quarter  of  a  minute  in  space  (a  suppo-  motion  of  the  vessel  in  the  interval,  be- 
sition  in  reality  much  too  favourable),  sides    other    practical    inconveniences 
this  will  leave  an  uncertainty  of  nearly  which  are  sufficiently  obvious.    Lemon- 
six  minutes  in  time  on  the  longitude,  nier  proposed  to  find  the  moon's  place 
But  if  we  take  a  body  which,  like  the  by  absolute  altitudes ;    this   does  not 
moon,  moves  thirteen  times  faster,  the  seem  to  be  by  any  means  a  convenient 
uncertainty  on  the  longitude  with  the  method,  since  it  supposes  us  to  know 
same  accuracy  of  observation,  will  be  the  moon's  declination,  which  itself  de- 
thirteen  times  less.    This  advantage  is  pends  upon  the  longitude  to  be  found ; 
so  obvious,  that  the  method  of  finding  and  it  can  only  lead  to  an  accurate  result 
the    longitude    by  observation  of  the  by  a  series  of  trials.    The  invention  of 
moon's  place  had  'occurred  to  several  Hadley's  quadrant  permitting  the  obser- 
astronomers  as  early  as  the  sixteenth  vationof  distance  to  be  made  with  conve- 
century.    When  speaking  of  Morin,  we  nience  and  accuracy.  La  Caille  with  great 
have  seen  that  it  had  been  enounced  by  justice  strongly  advocated  this  method 
Gemma  Frisius,  Nonius,  and  others ;  m  preference  to  all  others.    The  same 
but  without  good  lunar  tables,  and  good  opinion  was  expressed  by  Mayer,  and 
means  of  observation,  the  idea  could  warmly  taken  up  by  Maskelvne,  to  whom 
have  no  practical  utility.    On  this  ac-  the  definitive  success  of  tnis  important 
count,  the  commissioners  appointed  to  method  is  in  a  great  measure  to  be 
report  on  Morin's  claims  cfecided  with  attributed.    It  cannot  be  expected  that 
good  reason,  that  he  could  claim  no  navigators  should  be  able  to  spare  time 
reward,  the  real  difficulties  of  the  ques-  for  the  laborious  task  of  computing  from 
tion  lying  in    the   circumstances  just  the  lunar  tables  the  distances  to  the 
mentioned.    And  these  difficulties  were  fixed  stars  that  they  may  have  occasion 
not  surmounted  till  the  middle  of  the  to  employ.    To  obviate  the  necessity  of 
eighteenth  century.    At  that  time,  the  this,  Maskelyne  induced    the   British 
mat  pro^ss  of  physical  astronomy.  Board  of  Longitude  to  publish  annually 
by  indicatmg  ^  pnort  the  form  of  all  a  Nautical  Ephemeris,  containing  the 
the  inequalities  in  the  lunar  theory,  and  places  of  the  sun  and  moon  for  every 

twelve  hours,  and  the  distances  of  the 

latter  from  the  fixed  stars.    These  lat- 

•  The  method  proposed  by  HaUey,  of  finding  ter  are  now  published  for  cvery  three 

the  longitude  at  sea  from  obsenratlons  of  the  rarl- 

ation  of  the  magnetic  needie,  is  Impracticable,  from 

tbe  Irregularities  in  the  lines  of  equal  Tarlatioo,  *  Th«  Tables  of  1/ayer  were  published  by  Mm* 

and  th«  constanfc  cbaogct  in  their  posiUon.  kelyne,  l^oDdoB,  1770.  ito* 
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houTf,  90  that  by  an  easy  interpolation,  sive  propagation  of  gravity;  but  theie 

the  distance  for  aj)y  intermediate  instant  and  other  reasons  were   found  upon 

may  be  found.  examination    to    be   insufficient.     At 

The  intimate  connexion  between  the  last.  La  Plf^  dispovered  thai  it  waa 

problem  of  the  longitude  and  the  theory  owing  to  the  secular  diminution  in  tha 

of  the  moon,  induces  us  to  say  a  few  excentripity  of  the  terrestrial  obit.     It 

words  in  this  place  upon  the  ameliorar  had  been  shown  by  La  Place  and  La 

lions  introduced  into  the  latter  since  the  Grange,  that  amid  all  the  changes  pro* 

time  of  Newton.   Clairault  was  the  first  ducied    by  the  mutual  action  of    the 

to  investigate,  in  a  general  and  scienti-  planets  on  eaoh  other,  the  inajor  axes 

fie  way,  the  problem  of  the  three  bodies,  of  their  orbits  remain  invariable ;  but 

as  it  has  been  called:  viz.  to  find  the  the  exoentricities,  the  inclinations  to  a 

nyot ions  of  the  moon,  exposed  simultane-  fixed  plane,  the  positions  of  the  nodes 

ously  to  the  attractions  of  the  earth  and  perihelia  vaiy  slowly.    These  vari- 

and  sun,  and  attracting  them   in  re-  ations  are  comprised  within  limits  not 

turn.    The  problem  is  simplified  by  the  very  extended,  but  their  progress  is  so 

mass  of  the  sun  being  incomparably  slow  as  only  to  be  perceptible  at  the  end 

greater  than  the  other  two,  and  conse-  of  several  centuries.    Of  this  nature  is 

quently  nearly  at   rest,   relatively   to  the  gradual  diminution  pf  the  obliquity 

them ;  and  its  distance  so  great,  that  it  of  the  ecliptic,  long  disputed,  and  now 

may  be  supposed  the  same  for  both,  known  to  be  a  consequence  of  the  law 

With  these  data,   the   question  is  to  of  gravitation.  Such,  too,  is  the  secular 

determine  the  irregularities  produced  in  diminution  of  the  exoentrioity  of  the 

the  elliptic  motion  of  the  moon  round  earth's  orbit,  of  which  we  have  been 

the  earth, — assuming  the    Newtonian  speaking. 

law  of  gravitation  and  a  knowledge  of  We  owe  to  La  Place  the  determin&« 

the  masses.    In  his  first  essays,  (Jlair*  tion  and  explanation  of  another  inequa- 

ault  found  for  the  movement  of  the  lity  which  had  for  some  time  embar- 

lunar  perigee  only  half   the  quantity  rassed  the  'calculators  of  lunar  tables, 

given  by  observation ;  and  this  met  was  The  comparison    of    different  epochs 

ffladly  seized    by  the  enemies  of  the  showed  an  acceleration  at  one  time,  and 

rfewtonian  system   to  throw  discredit  a  retardation  at  another ;  but  the  period 

upon  the  whole  theory  of  gravitation*  being  evidently  long,  and  the  inequa- 

But  their  triumph  did  not  last  long ;  for  lity  perhaps  dependent  upon  many  ele- 

Clairault  himself,  upon  reviewing  his  ments,  there  was  little  hope  of  detecting 

calculations,  perceived  that  he  had  neg-  the  law  by  observation.     But  a  new 

lected  a  quantity  which,  when  taken  examination  of  the  theory  of  the  moou 

into  account,  reconciled  the  motion  of  the  on  the  principles  pf  gravitation,  showed 

apogee  with  the  Newtonian  law.    Fo|r  to  La  Place  the  existence  of  an  inequa- 

many  years  subsequent  to  this,  the  lunar  lity  hitlierto  unnoticed,  of  a  period  of 

theory  was  the  subject  of  the  labours  of  184  years,  and  rather    a  complicated 

the  first  mathematicians  of  the  age,  more  form,  which  explained  all  the  discrepan- 

particularly  of  D'Alembert,  Clairault,  oies  observed.    This  is  a  good  example 

and  Euler.    It  is  upon  the  theory  of  the  of  the  advantages  derived  to  our  tables 

latter  that  the  tables  of    Mayer   are  from  physical  astronomy.     Indeed,  to 

principally  founded:  at  the  same  time  such  perfection  has  this  science  been 

they  owe  their  excellence  in  great  part  carried  in  the  case  of  the  moon,  that 

to  the  care  taken  by  Mayer  to  establish  M.    Damoiseau   has    lately  published 

the  coefficients  of  the  inequalities  by  tables,  founded  exclusively  on  theory, 

the  comparison  of  numerous  observa-  which  are  at  least  equal,  if  not  superior, 

tions ;  nor  did  he  hesitate  to  introduce  to  any  we  possess, 

empirical  equations,  where  observations  But  to  return  to  the  subject  of  the 

appeared  to  require  theip*     The  most  longitude.    The  method  of  lunar  dis- 

remarkable  of  these  was  one  for  the  tances  could  never  have  come  into  ge- 

secular  acceleration  of  the  moon,  first  neral  use  without  the  invention  of  re* 

suspected    by  Halley,  and   now   fully  fiecting  instruments.    Thje  construction 

established.    The  cause  of  this  accele-  of  Hadley*s  quadrant  is  explained  in 

ration  was  long  a  subject  of  doubt  and  most  optical  treatises.     We  shall  only 

abstruse  speculation  to  the  first  mathe-  remark,  that  it  is  essentially  composed 

maticians  of  Europe.    At  one  time  it  of  two  mirrors,  both  in  planes  perpen- 

was    attributed    to   the   resistance  of  dicular  to  that  of  the  instrument.    The 

the  ether;  at  another*  tq  thie  s^oces-  one  is  fixed,  the  other  is  moveable^  being 
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altaahail  to  the  emitre  of  the  moyeftbU  tions.  Any  error  from  defective  centering 

radius,  the  extremity  of  whieh  indicates  is  obviated  by  measuring  successively 

on  the  graduated  unib  the  inclination  all  round  the  circle ;  and  we  are  rendered 

of  the  two  mirrors.    The  fixed  miiror,  independent  of  the  knowledge  of  the 

which  is  perpendioular  to  the  line  of  point  of  the  graduation  corresponding 

sight,  only  intercepts  half  the  field  of  to  the  position   of  the  mirrors  when 

view ;  so  that  at  the  same  instant,  and  parallel.    Such  are  the  principal  advan- 

in  the  same  field,  the  observer  may  see  tages  of  the  reflecting  repeating  circle ; 

the  hprixon  by  direct  vision,  and  the  to  which  we  may  add,  in  taking  sets  of 

image  of  the  sun  after  two  reflections,  lunar  distances,  the  eye  is  not  fatigued. 

He  then  reads  off  on  the  limb  the  incli-  by  the  application  of  light  at  each  ob- 

nation  of  the  two  mirrors.    By  a  well-  servation  to  read  pff  the  arc. 

known  optical  theorem,  this  is  eaual  tp  The  first  idea  of   reflecting  instru- 

half  the  angle  between  the  two  oljects,  ments  is  certainly  due  to  Hooke,  who 

or  in  this  case,  the  altitude  of  the  sun  proposed  by  a  sextant,  with  a  single  mir- 

above  the  horison.     We  owe  to  the  ror  attached  {o  the  moveable  ri^ius,  to 

inventive  genius  of  Mayer  the  idea  of  a  obviate    the  necessity    of  having   two 

most  important  improvement  in  these  observers  in  measuring  the   distances 

instruments  *.     This  idea,  which  h&s  of  stars,  as  practised  by  Hevelius :  to 

been  more  lately  revived  by  Borda,  con-  measure  altitudes  he    was  obliged  to 

aisted  in  substituting  for  the  quadrant  attach  a  level  to  the  sextant*.    It  is 

or  sextant  a  complete  circle,  and  mak-  evident  that  the  instrument  in  this  fatia 

ing  both  mirrors  moveable  upon  it,  the  was  not  applicable  to  the  purposes  of 

line  of  sight  always  remaining  perpen-  navigators ;  and  we  may  consider  the 

dicular  to  the  small  mirror.  After  m&k-  construction  given  by  Hadley  as  a  new 

in^  an  observation,  by  mpving  the  small  invention  of  the  most  important  charao* 

mirror  till  the  coincidence  of  the  images  ter.    It  is  not  easy  to  understand  why  so 

is  established,  the  instrument  is  reversed,  much  pains  have  been  taken  to  deprive 

so  as  to  face  east  instead  of  west,  or  the  Hadley  of  the  merit  of  this  invention  : 

converse.    The  great  mirror  is  moved  Newton,  it  js  said,  had  previously  in- 

till  the  coincidence  is  again  made,  and  vented  a  reflecting  instrument  with  two 

it  may  be  seen  that  it  must  have  moved  mirrors ;    at   all  events  this  was  not 

through  an  arc  double  of  the  angular  known  to  Hadley,  whose  discovery  waa 

distance  to  be  measured  f*    Instead  of  published    in  1731  f,  that  of  Newton 

reading  off  this  are,  leave  the  alhidade  m  the  year  1742.    LalandeX  mentions 

of  the  great  mirror  fixed»  reverse  the  Godfrey  of  Philadelphia,  as  having  an* 

instrument,  make  another  observation  ticipated  Hadley ;  he  quotes  the  Philo^ 

by  moving  the  small  mirror.    We  have  eophioal  Transactions  for  1734,  and  the 

now  arrived  exactly  to  the  position  from  first  volume  of  the  Philadelphia  Trans- 

which  we  set  out,  only  that  the  alhidade  actions.    The  latter  we  have  not  seen, 

of  the  great  mirror  has  advanced  on  the  the  former  contains  the  account  of  an 

limb  an  arc  double  of  the  distance  to  be  instrument,  bearing  no  analogy  to  Had- 

measured.    Recommence  all  the  operar  ley's  quadrant,  but  it  alludes  to  the  dis- 

tions  described ;  at  the  end  of  them  this  covery  of  a  reflecting  instrument  by  tho 

alhidade  will  have  described  an  arc  quad-  Author  $.  Be  the  invention  of  Godfrey 

ruple  of  the  angular  distance,  and  so  on.  vvhat  it  may,  it  was  not  knov>n  in  Eng- 

We  may  obtain  then  any  even  multiple  l&nd  till  after  the  publication  of  Hadley'a 

of  the  arc  sought  to  bt  measured ;  and  P&per  in  the    Philosophical    Transao* 

we  need  only  read  off  once  at  the  beginv  tions, 

ning  and  once  at  the  end  of  our  obser-  "^be  method  of  determining  the  longi* 

vatiops.   In  this  way  the  errors  of  readf  ^ude  by  the  transport  of  time  is  one  which 
inj(  off  may  be  indefinitely  diminished, 

being  divided  by  the  number  of  observa.  .  3^.  Anim.dTer.ion.  on  the  fir.t  pan  of  th, 

IlachinA  Coeletti.  of  Hevelius.     London,   1674, 

"  ilo. 

*  See  the  Discourse  prefixed  to  Mayer's  Tables,  \  See  Philosoph.  Transact,  for  that  yeari  No. 

and    called   M ethodus   Longitudlnum    Promota,  430,  p.  147  :    there  is  no  reason  to  doubt  that 

p.xxl.,aqd|hc  accompaoytoirtilats:  circles  on  this  Kewton   hod  iorented  an  Instrument  similar  in 

plan  were  aotuallv  constructed,  but  fell  into  disuse  principle  to    Hadley's.  —  Philos.  Transact.  No. 

till  agidn   brought  before  the  public   notice  by  465.    It  is  doubtful  whether  it  was  ever  executed. 

Borda.  t  llontacla.  Hist,  dss  Matbemat.,  toI.  iii.  p.52S. 

f  It  is  to  b«  obseryed,  that  these  instruments  art  See  also  Wales  and  Bayley.    Astronomical  obser- 

so  graddated  as  to  give  at  once  twice  the  Incllna-  vations  made  in  Cook's  voyage. — Introduction,  p. 

tioo  of  the  mirrors,  or  the  real  distance  between  90. 

the  ol^ccta  observed.  i  Philos.  Transactioos,  vol.  zixvill.  p.  44L 


104  HISTORY  OF- Astronomy.  ' 

depends  for  its  excellence  entirely  upon  tribute  to  the  discovery  of  the  loniqhide' 
the  perfection  of  the  mechanical  means  at  sea, — namely,  10,000^.  if  the  lonjintiide 
used.  Huyghens  had  no  sooner  dis-  were  found  within  a  degree ;  15,000/.  if 
covered  the  application  of  the  pendulum  within  forty  minutes ;  and  20,000/.  if 
to  the  balance  of  clocks,  than  he  at-  within  halfadegree.  These  munificent  re- 
tempted  to  apply  his  invention  to  the  wards  produced  the  desired  effect  John 
use  of  navigation.  But  none  of  his  in-  Harrison,  a  man  of  humble  origin  but  | 
genious  endeavours  were  successful ;  great  eenius,  devoted  a  long  and  labo- 
though  for  some  time  time  he  flattered  rious  life  to  the  construction  of  clocks 
himself  that  he  had  overcome  the  diflR-  and  watches  for  navigation.  So  nu- 
culties  offered  by  the  violent  and  irre-  merous  and  important  were  his  improve- 
gular  motions  of  the  vessel.  He  finally  ments,  that  we  may  with  justice  con- 
turned  his  ideas  into  a  new  channel,  sider, him  as  the  inventor  of  the  marine 
and  fell  upon  a  discovery  of  perhaps  chronometer.  It  will,  perhaps,  give  the 
equal  importance  with  that  of  the  pen-  best  idea  of  his  merits,  to  say  that  he 
dulum  clock.  This  was  the  isochro-  has  done  as  much  for  this  instrument* 
nism  of  spiral  steel  springs,  when  used  as  as  James  Watt  for  the  steam-engine.  It 
a  balance  in  watches ;  the  first  great  step  is  impossible  in  this  place  to  give  any 
made  towards  the  finding  the  longitude  idea  of  the  numerous  improvements  in- 
at  sea  by  chronometrical  observations,  troduced  by  him,  without  entering  into 
The  priority  in  this  discovery  was  con-  details  incompatible  with  the  nature  of 
tested  by  Hooke.  It  would  appear  that  this  treatise.  It  is  enough  to  ot>serve, 
watches  upon  this  construction  were  that  in  1749  he  obtained  the  Copley 
executed  under  the  direction  of  Huy-  medal  of  the  Royal  Society;  ana  in 
ghens  in  the  year  1674:  it  is  stated  1761  obtained  from  the  Commissioners 
upon  Ihe  authority  of  Leibnitz,  that  of  the  Board  of  Longitude  a  trial  of  his 
about  this  time  a  dispute  as  to  the  right  of  chronometer  by  a  voyage  to  Jamaica, 
the  invention,  arose  between  Huyghens  It  was  found  at  the  end  of  sixty-one  days 
and  the  Abbe  Hautfeuille,  and  was  de-  that  his  chronometer  gave  the  longitude 
cided  in  favour  of  the  former  in  a  court  of  Port  Royal  within  five  seconds  of 
of  law  *.  There  can  be  little  or  no  doubt  time ;  and  on  the  return  to  England, 
that  at  the  time  of  which  we  are  speak-  after  an  absence  of  161  days,  the  whole 
ing,  watches  on  this  principle  were  con-  variation  was  only  1™  5\  It  was  evi- 
structed  in  France.  In  a  postscript  to  dent  that  the  conditions  of  the  Act  of 
a  small  treatise  on  Helioscopes,  pub-  Parliament  were  satisfied,  and  Harrison 
lished  1676,  Hooke  refers  the  date  of  received  a  payment,  on  account,  of 
his  own  invention  to  seventeen  years  5000/.,  but  the  Commissioners  decided 
back.  But  such  testimony  unsupported  that  the  remainder  of  the  reward  should 
is  insufficient.  His  theory  of  springs  not  be  paid  till  a  second  trial  had  taken 
was  not  published  till  1678 1.  He  place.  This  was  executed  in  1764,  and 
alludes  also  in  a  work  called  Lampas,  crowned  with  complete  success ;  it  was 
published  1677,  to  a  new  contrivance  for  decided  unanimously  by  the  Board  of 
the  balance  of  watches,  which  he  says  Longitude,  that  the  longitude  of  Barba- 
he  showed  to  the  Royal  Society  ten  or  does  had  been  determined  within  the 
twelve  years  before]:;  his  explanation  limits  prescribed  by  the  act;  5000/. 
is  very  concise  and  obscure ;  the  con-  was  immediately  granted  to  him ;  and 
trivance  seems  to  have  been  a  com-  10,000/.  more  when  he  had  explained  to 
bination  of  the  centrifugal  pendulum  and  commissioners,  appointed  [for  the  pur- 
spiral  spring.  If  we  consider  the  avidity  pose,  the  details  of  his  construction, 
shown  by  Hooke  to  claim  every  dis-  This  took  place  in  1765.  From  this 
covery  of  importance  made  in  his  time,  date  the  use  of  chronometers  began 
we  must  look  with  distrust  upon  his  rapidly  to  spread  among  navigators; 
somewhat  dubious  pretensions,  in  the  and  if  the  method  of  lunar  distances  be 
case  of  the  spiral  spring,  still  more  extensively  used,  it  is  per- 
In  the  year  1714  the  British  parliar  haps  to  be  attributed  to  the  expense  of 
ment  passed  an  act,  holding  out  a  great  the  former  instrument.  At  all  events  it 
recompense  to  those  who  should  con-  is  of  great  importance  to  have  two  in- 

dependent  methods  for  the  longitude, 

*  V.  Laiande  la  Montucia,  vol.  iv.  p.  550.  the  one  acting  as  a  salutary  check  upon 

i678!'*4'to™'  "^^  ^*''""*  retutuiira.    London,  any  accidental  errors  in  the  other. . 

t  Lampas,  London,  1677*    4to.  London,  p.  48. 
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stations,  the  one'to  the  north,  the  other 

Chaptbr  XXI.  to  the  south  of  the  mountain,  was  found 

to  be  4364.4  feet,  corresponding  to  an 

Aiiraciion  of  Mountains.  — Bottguer. —  amplitude  of  42/9.    This  amplitude,  de- 

Maskelyne—de  Zach. — Experiments  termined  astronomically  by  the  zenith 

of  Cavendish. — Measures  of  the  Me-  sector  from  veir  numerous  observations, 

ridian  in  England  and  India.^Arcs  was  found  54/6:  giving  11/7  for  the 

of  pardUeL— French  measure  of  the  sum  of  the  attractions  of  the  mountain 

Meridian  between  Dunkirk  and  Bar-  at  the  two  stations.    The  density  of  the 

celona. — Determination  of  the  Metre,  mountain  having  been  determined  by  a 

— Various  measures  of  the  length  of  careful  survey,  the  mean  density  of  the 

the  seconds''  pendulum,  earth  was  concluded  to  be  about  1.8 

times  the  density  of  Schehallien,  or  five 
Many  of  the  operations  for  measuring  time  the  density  of  water, 
arcs  of  the  meridian,  having  been  car-  More  recently  *  the  Baron  de  Zach 
ried  on  in  mountainous  countries,  it  has  attempted  to  measure  the  attraction 
became  reasonable  to  suppose,  that  a  of  Mont  Mi  met  near  Marseilles.  Both 
part,  at  least,  of  the  anomalies  observed,  his  stations  were  to  the  south  of  the 
were  due  to  the  attractions  of  the  moun-  mountain ;  the  one  close  to  its  foot,  the 
tains  themselves.  Bouguer  and  La  other  on  the  island  of  Planier.  The 
Condamine  endeavoured  to  put  this  to  latitudes  were  observed  with  a  repeating 
the  test  of  experiment  in  Peru.  They  circle;  he  found  for  the  whole  effect  of 
attempted  to  measure  the  attraction  of  attraction  1".98 ;  but  it  may  be  ques- 
the  mountain  called  Chimbora90,  the  tioned,  whether,  with  the  instruments 
most  considerable  of  that  province.  It  used,  it  was  possible  to  be  certain  of  so 
is  easy  to  conceive  how  this  can  be  small  a  quantity  t.  In  the  mean  time,  in 
effected.  In  a  station  north  of  the  the  year  1798,  Cavendish  had  instituted  a 
mountain,  the  attraction  of  the  mountain  '^^^  beautiful  series  of  experiments  for 
causes  the  plumb-line  of  the  sector  to  finding  the  earth's  density  $.  By  means 
deviate  from  the  real  vertical  to  the  of  a  delicate  instrument,  called  the  ba- 
south,  and  the  converse,  in  a  station  to  lance  of  torsion,  the  attraction  of  a 
the  south.  The  apparent  latitudes  found  leaden  sphere,  eight  inches  in  diameter, 
at  each  station  will  differ  from  the  real ;  was  made  sensible,  and  the  effects  of 
the  difference  l)etween  these  latitudes  this  attraction  compared  with  that  of  the 
will  be  augmented  by  the  sum  of  the  earth.  The  result  found  for  the  mean 
attractions  of  the  mountain  at  the  two  densityof  the  latter  agreed  very  well  with 
stations.  If  then  we  determine  by  other  that  found  from  Schehallien. 
means,  such  as  trigonometrical  mea-  In  the  year  1787,  the  governments  of 
sures,  the  difference  of  latitudes,  and  France  and  England  in  conjunction,  re- 
compare  it  with  that  obtained  astrono-  solved  to  connect  the  two  observatories 
mically,  the  difference  of  the  results  will  of  Greenwich  and  Paris,  by  a  series  of 
give  the  sum  of  the  attractions.  The  triangles.  The  cause  of  this  was  the 
attempt  made  by  Bouguer  was  not  very  uncertaintv  that  still  prevailed  upon  the 
satisfactor>r  in  its  results ;  he  found  fur  exact  difference  of  longitude  l)etween 
the  attraction  of  the  mountain  rather  these  places.  On  the  French  side  the 
more  than  7",  being  about  half  of  what  measure  was  conducted  by  Cassini  IV., 
he  had  expected  ;  but  his  stations  were  Legendre,  and  M6chain  ;  on  the  English 
not  favourably  placed,  l)eing  both  to  the  side  under  the  superintendence  of  Gene- 
south  of  the  mountain,  in  which  case  ral  Roy.  The  latter  officer  founded  his 
the  difference  of  the  attraction  of  the  chain  of  triangles  on  a  base  measured 
two  stations  is  observed,  instead  of  their  with  great  care  on  Hounslow  Heath,  in 
sum*.  which  he  used  glass  rods  twenty  feet 
The  experiment  was  repeated  under  long.  These  were  afterwards  ahandfoned, 
more  favourable  circumstances  by  Mas-  ftnd  the  base  of  verification  on  Romney 
kelyne  in  1774  on  the  mountain  of  Marsh  was  measured  with  steel  chains. 
Schehallien  in  Perthshire,  elevated  Such  was  the  care  with  which  these 
about  2000  feet  above  the  level  of  the  operations  were  conducted,  that  the  base 
seat.    The  meridional  distance  of  two      •  f„  ifiin    »,. •. Z TZ — :: 

'  *  In  lolO.  Hit  operations  are  fiTen  In  detail 
■ • in  his  work  on  the  Attraction  dee  Montagnea. 

•  V.  Bougiier.    Fljpire  de  la  Terre,  p.  379.  t  V.  Attraction  dea  Montagnea.   Ayisnon.  1814. 

t  Phlloa.  Transact,  for  1776,  p.  $00)  and  also  for  3  vols.  8to.                                           »       i     " 

1811,  p.  346.  t  PbUof.  Tnuuact.  for  1798,  p.  4€9. 
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of  verification,  as  computed  from  the  by  Colonel  Lambton  in  India,  ie  one 
original  base  on  Houn«low  Heath,  dif-  recently  executed  on  an  extensive  scale 
fered  from  that  actually  measured  by  only  in  France  and  Italy.  It  extends  from 
two  feet,  in  a  total  of  28533,  though  Padua  on  the  east,  to  Marennes  near 
the  connecting  chain  of  triangles  ex-  Bourdeaux.  pn  the  west.  These  two 
tended  over  a  space  pf  eighty  miles,  pointy  had  been  joined  trigononietrical(>% 
These  measures  are  interesting  as  m  the  course  of  very  extensive  surveys 
having  formed  the  commencement  of  the  made  by  the  French  and  Austrian  en- 
great  trigonometrical  survey,  extended  gineers.  They  were  joined  astronomi- 
over  Great  Britain  and  Ireland,  which  eally  by  fire-si^als,  made  on  the  Monte 
is  at  this  moment  in  the  progress  of  Baldo  near  Verona,  Rochemelon  on 
execution.  In  the  course  of  this  ex-  the  Mount  Cenis,  Mount  Tabor  in 
cellent  survey  the  terrestrial  angles  were  Savoy,  Pierre  sur  Autre  in  Auvergne. 
measured  with  the  theodolite  of  Rams-  and  other  stations  in  France, — these  sig- 
den,  three  feet  in  diameter;  the  latitudes  nals  beina;  observed  at  Padua,  Milan, 
with  a  zenith  sector  of  Hamsden,  of  eight  Turin,  Geneva,  La  Jonch^re,  and  several 
feet  radius ;  both  of  them  su^^erb  instru-  points  to  the  westward,  as  far  as  Ma- 
ments  of  their  kind.  In  spite  however  rennes.  This  arc  is  very  remarkable 
of  the  excellence  of  the  instruments,  and  from  its  8:reat  extent,  and  for  having 
the  unquestioned  accuracy  of  the  ob-  been  carried  completely  across  the  vast 
servers,  the  degrees  of  the  meridian  in  chain  of  Alps  which  separates  France 
England  offer  anomalies  analogous  to  from  Italy.  It  is  intended  to  carry  it 
those  previously  noticed,  and  wnich,  it  still  farther  to  the  eastward,  to  Orsova, 
cannot  be  doubted,  arise  from  local  at*  on  the  frontiers  of  Hungary  and  Wal- 
tractions,  or  from  real  irregularities  of  lachia,  embracing  a  total  arc  of  24°  in 
the  earth's  surface*.  longitude*. 

A  very  extensive  arc  has  been  mea-  One  of  the  most  celebrated  determi- 
sured  in  the  Indian  peninsula  with  in-  nations  of  an  arc  of  meridian  yet  under- 
struments  similar  to  those  used  in  taken,  was  that  commenced  at  the 
Great  Britain.  The  whole  amplitude  beginning  of  the  French  Revolution,  for 
of  this  arc,  as  determined  by  Colonel  the  purpose  of  finding  the  length  of  a 
Lambton,  is  near  ten  degrees ;  and  quadrant  of  the  meridian,  the  ten-mil- 
it  has  been  subsequently  prolonged  six  lionth  part  of  which  it  was  proposed  to 
degrees  to  the  northward,  by  Cap*  take  as  the  standard  for  a  new  measure, 
tain  Everest.  Very  competent  judges  called  the  m^.txe.  This  celebrated  un- 
have  pronounced  this  arc,  considering  dertaking  was  executed  by  the  astrono- 
its  extent,  and  the  care  used  in  every  nomers,  Delambre  and  ^I^chain.  The 
part  of  the  o()erations,  to  be  superior  to  extremities  of  the  arc  were  to  the  north, 
all  other  measures  of  the  same  kind  Dunkirk,  to  the  south,  the  town  of 
hitherto  executed  t.  Barcelona,  in  Spain :  but  the  arc  was 

The  astronomers  who  conducted  the  subsequently  extended  by  Biot  and 
survey  of  Great  Britain,  took  the  oppor-  Arago  to  the  island  of  Formentera  near 
tunity  of  measuring  a  parallel  of  latitude  Minorca.  In  this  measure  the  repeal- 
between  Beach  ey  Head  and  Dun  nose,  in^  circle,  which  had  been  previously 
On  this  occasion  the  difference  of  Ion-  tried  for  the  first  time  at  the  junction  of 
gitudes  was  determined  by  a  new  method,  the  observatories  of  Greenwich  and 
The  two  signals  being  visible  from  each  Paris,  was  used  exclusively  for  both  the 
other,  the  azimuths  were  reciprocally  geodetic  and  astronomical  angles.  The 
observed,  the  latitude  of  each  station  value  of  this  elegant  and  ingenious  in- 
being  deduced  from  the  triangles  of  the  strument  appears  to  have  been  overrated 
survey.  This  arc  is  interesting,  from  by  the  French  astronomers ;  and  it 
the  novelty  of  the  means  employed,  and  seems  to  be  thought  at  present  that  the 
the  rarity  of  measures  of  this  descrip-  latitudes  at  the  extreme  points  of  their 
tion.  The  only  other  measure  of  a  de-  arc  are  not  so  certain  as  could  be  wished, 
gree  of  longitude  offering  any  interest.  This  is  more  particularly  the  case  with 
except  perhaps,  a  de<rree  measured  Formentera,  where  the  latitude  was 
~«  A  detHHed  account  of  the  English  Trigonome.  foundwUh  a  repeating  circlc,  having  a 

trical  Snrvey  has  been  pablisbed  iu  three  4to  vols,  nxed  leVel  attached  tO  it ;   a  COnstrUCtlOQ 

London.  

t  An  account  of  Colonel  Lambton^s  arc  may  be  *  A  detailed  account  of  the  operations  in  Italy 

found  In  the  8lh,  lutb,  I'itb,  and  13tta  volumeH  of  and    Savoy  may   be  found  in   the  "Operations 

the  Asiatic  Researches.    See  also  Pbilosophicai  Qeodesiques  et  As^-onomiqoes  pour  Mesurei  ba 

Transactions  for  10X8,  p.  4b6.  Arc  d«  ParaUele  Moyen."    4to.    Milan,  1825. 
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hMy  este9m«4  to  be  very  objection4l>(e*  ^oi*  ^be  unit  of  length,  and  called  the 

It  hat  also  been  asc^ilain^d  that  the  m^tre.  A9  it  waa  impracticable  to  mea- 

bett  repeating  circlea   are  subject   to  sure  the   whole    quadrant  under  any 

errors  of  a  yory  perplexing  kind,  which  meridian,  they  were  obliged  to  calculate 

can  only  be  eliminated  by  observing  the  ellipticity  and  dimensions  of   the 

stars  to  the  qorth  and  south  of  the  earth,  and  the  length  of  the  quadrant, 

zenith.    This  precaution  was  not  always  from  a  comparison  of  the  arc  between 

taken  in  the  Frenoh  survey.    However,  Dunkirk  and  Barcelona,  with  that  mea- 

this  French  arc  upon  the  whole,  con-  sured  by  Bouguer  and  La  Condamine 

sidering  its  extent,  and  the  great  talents  in  Peru.    They  adopted  for  the  ellipti- 

and  celebrity  of  the   astronomers  by  city  ,^,,  and  the  metre  was  fixed  at 

whom  it  was  exeeuted,  is  one  of  the  443.296  lines  of  the  old  measure.    This 

most    important    measuref    that    we  ellipticity  agrees  pretty  well  with  that 

possess  *,     ,  found  by  Laplace,  from  a  very  curious 

It  has  been  mentioned  that  the  French  method.    The  oblateness  of  the  earth's 

survey  was  undertaken  for  the  purpose  figure  causes  an  inequality  in  the  moon's 

of  fixmg  a  new  standard  measure.    The  motion  in  latitude,  proportional  to  the 

French  savans,  struck  with  the  disad-  sine  of  the  moon's  true  longitude :  the 

vantages  arising  from    the  variety  of  coefficient  of  this    inequality  depends 

measures  in  Europe,  and  froin  the  in-  upon  the  ratio  of  the  earth's  axes.   Now 

convenience  of  not  being  able  to  deter-  this  coefficient  can  be  determined  by 

mine  the  exact  length  of  several  of  the  observation,  and  hence  the  ratio  in  ques- 

measures  employed  in  former  geodetic  tion  may  be    obtained.    In   this  way 

operations,  conceived  the  beginning  of  La  Place  found  for  the  ellipticity  ,^,; 

the   revolution  to   offer  a  favourable  another  inequality  in  longitude  gave  him 

opportunity  for  introducing  a  new  uni-  lix* 

versal  measure,  which  being  founded       It  is  to  be  feared  that  the  comprehen- 
on  some  invariable  physical  standard,  sive  views  of  the  French  philosophers 
could  always  be  recovered,  should  its  have  not  been  answered.    The  m^tre,  as 
exact  m^nitude,  in  the  course  of  time,  far  as  we  know,  has  not  been  adopted 
become  involved  in  any  doubt.     The  in  other  countries.     In    many  conti- 
idea  was  not  new,  for  Picard  had  pro-  nental  works  of  science  the  old  French 
posed,  long  before,   the  length  of  the  toises  and  feet  are  still  used ;  and  as 
seconds*  pendulum  as  the  standard  for  these  denominations  are  now  ^iven  in 
an  univer9al  measure ;   and  it  is  per-  France  to   measures  comprising  two 
haps  to  be  regretted  that  this  idea  was  metres,  and  one-third  of  a  m^tre  re- 
not  followed  at   the  revolution.     But  spectively,   the    confusion    is    greater 
notwithstanding  the  practical  facilities  than  ever.    Perhaps  the  French  would 
of  this  determination,  it  was  rejected  have  acted  more  wisely  in  contenting 
by  the  French  savans,  as  involving  ao  themselves  with  doing  what  has  since 
arbitrary  and   heterogeneous  element,  been  adopted  in  England,  determining, 
the  division  of  time ;  to  which  rather  accurately  the  ratio  of  the  length  of  the 
fanciful  objection  they  added  the  varia-  second's  pendulum  to  the  foot  in  com- 
tion  of  the  length  in  the  pendulum  at  mon  use.    As  the  latter  may  be  sup- 
different  latitudes.    But  this  might  have  posed  invariable,  the  former  may  be 
l)een  obviated  by  taking,  for  the  stan-  always  recovered  if  lost.    The  introduc- 
dard,  the  length  of  the  pendulum  at  the  tion  of  one  uniform  measure  of  length 
level  of  the  sea,  under  the  equator,  or  throughout  Europe  is  indeed  much  to 
under  the  parallel  of  45^;   and  it  is  be  wished:   but  the  difficulties  in  the 
difficult  to  see  how  the  vanity  of  any  way  of  such  a  consummation  are,  we 
nation  could  have  been  offended  by  such  fear,  too  great  to  he  surmounted, 
a  choice.    However,  it  was  determined        The  theorems  of  Clairault,  given  in 
to  take  the   quadrant  of  a  terrestrial  Cha]3.XVi  1 1,  enable  us  to  determine  the 
meridian,  which,  supposing  a  spheroid  ellipticity  of  the  earth,  from  observations 
of  revolution,  would  be  the  same  for  all  on  the  length  of  the  second's  pendulum, 
countries,  and  to  divide  it  into  ten  million  at  different    latitudes.      According  to 
parts.    One  of  these  parts  was  taken  those  theorems,  in  going  from  the  equa- 
tor to  the  poles,  gravity  increases  as  tlie 

— _  square  of  the  sine  of  the  latitude  ;  and 

•  A  wnipleio  account  of  *u  the  operation  u  to  be  the  sum  of  the  ellipticity  of  the  earth. 

found  in  the  work  called  "Base  du  Syviduie  Mk-  «„j  ^r^u^  -«»; t  ^K,        u    i     •  *""*"*' 

trique.»*    4to.    Paris.  1806.    And  In  the  additinnal  ^Ud  Ot  the  ratio  Of  the  whole  UlCreasc  of 

Toiume  of  obMrTftUona  by  Blot  and  Aruf  0.  10S1.  gravity  to  the   equatorial   gravity,  is 


108  HISTORY  OP  ASTRONOMY. 

equal  to  |  x  ratio  of  the  centrifuj^al  comparison  of  these,  the  variation  in  the 
force  at  the  equator  to  the  equatorial  force  of  cavity  is  easiljr  deduced.    In 
gravity,  or  to  |  x  ^i^.    This  important  this  method,  the  necessity  of  actually 
application  gave  a  new  interest  to  pen-  measuring  the  length  of  the  pendulum 
dulum    experiments,    which    in    later  employed  is  superseded ;  and  this  is  no 
times    have    become   very  numerous,  slight  advantage,  from  the  great  difE- 
These  observations  demand  so   much  cuUy  of  the  operation, 
nicety  of  execution,  and  so  great  an  Tlie  absolute  length  of  the  second's 
attention  to  minute  details,  that   the  pendulum  at  London  was  determined 
early  observations,  to  which  allusion  m  a  peculiarly  ingenious  and  elegant 
has  been  made  in  a  former  part  of  this  way  by  Captain  Kater*.    To  Captain 
trealise,  (those  of  Picard,  Richer,  Sec.)  Sabine  we  owe  a  series  of  most  exten- 
can  now  only  be  looked  upon  as  matters  sive  and  important  observations,  made 
of  curiosity.  The  first  good  observations  over  a   great   part    of   the  northen 
of  the  pendulum  to  be  met  with,  are  hemisphere,  on  the  coasts  of  £urope, 
those  made  in  Jamaica,  of  which  an  Africa,  and  America,  from  12°  of  south 
account  has  been  given  by  Bradley  in  to  80®  of  north  latitude  t. 
the  Philosophical  Transactions  for  1734;  It  is  impossible  in  this  place  to  give 
and  to  these  we  'may  add  experiments  even  a   cursory   account   of  the  nu- 
made  by  Mairaii,  at  Paris,  in  1735.  merous  and  valuable  experiments  made 
Bouguer  in  Peru,  Maupertuis  in  Lap-  by    various    observers    in    oar    own 
land.  La  Caille  at  the  Cape  of  Good  times.    But  we  must  observe,  that  the 
Hope,  did  not  omit,  when  occupied  with  various  measures  of  the  pendulum,  like 
the  measure  of  degrees,  to  determine  at  those  of  the  degrees,  are  far  from  con- 
the  same  time  the  lengths  of  the  second's  spiring  to  give  the  same  ellipticity  to 
pendulum.    But  it  is  particularly  within  the  earih.    Local  causes  have  doubtless 
the  last  forty  years,  that  measures  of  this  something  to  do  with  these  irregularities, 
kind  have  become  numerous  and  exact  But  it  would  appear  also  that  it  is  neces- 
At  the  time  that  the  measure  of  the  sary  to  take  into  account  a  term  involv- 
meridian  was  undertaken   in   France,  ing  the  product  of  the  squares  of  the 
Borda  was  desired    to   determine  the  sine  and  cosine  of  the  latitude  $.   Theory 
length  of  the  pendulum  beating  seconds  shows  that  such  a  term  ou^ht  to  exist, 
at  Paris.   He  conducted  with  great  skill  but  the  coefficient  had  not  hitherto  been 
this  delicate  task  ;  and  this  may  be  con-  supposed  to  be  of  sensible  magnitude. 
sidered  the  first  measure  executed  with  One  fact  is  remarkable,  that  the  pen- 
all  the  perfection  required  by  the  actual  dulum  experiments  in  general  indicate 
state  of  science  *.    This  experiment  has  a  greater  compression  than  the  measure 
subsequently  been  repeated  without  any  of  degrees.    The  former  is  stated  by 
material  difference  in  the  results,  by  M.  Captain    Sabine   at  x^s  $,   by   others 
Biot,  and  by  Captain  Sabine.    The  for-  at  7} 9. 
mer  of  these  philosophers  has  made  an 

extensive  series  of  observations  at  dif-  Chapter  XXII. 
ferent  points  of  the  French  and  English 

arc,  from  Unst,  among  the   Shetland  Discovery  of  the  Planet  Urmau.^^Law 

islands,  to  Formentera    in  the j  south,  prevailing  between  the  mean  diitaneet 

and  at  different  stations  on  the  parallel  of  the  planets. — Discovery  of  Ceres. 

of  45°.    In  the  French  observations  in  — Of  Pallas,— Cmijectures  of  Oibers. 

general,  the  measure  has  been  made  by  — Discovery  of  Juno  and  of  Vesta, — 

noting  the  number  of  oscillations  made  Systems  of  double  and  muUijUe  stars, 

in  a  certain  time  by  the  pendulum,  at  a  — Supposed  motion  of  the  9un  in 

given  station,  and  then  actually  mea-  mace. — NebuUe. — Hypothesis  of  La 

suring  its  length.   The  English  observers  Place  respecting  the  origin  of  the 

have  of  late  years  usually  employed  a  Solar  System, 
pendulum  of  invariable  lengtn.     The 

number  of  oscillations  which  this  pen-  In  the  year  1781,  a  curious  and  alto- 

dulum  makes  in  a  certain  time,  at  a  gether  unexpected  discovery  was  made 

given  place,  as,  for  examj)le,  London, 

having  been   ascertained,  it    is  trans-  •  pwiosoph.  Tran«act  for  I8I8,  p.  38. 

ported  to  another  Nation,  and  a  similar  pi„t.%tSJ  Ei«h.^X:'"SX'\^?''"  **" 

observation    made     there.       From    the  j  Encyclopaedia  Metropolllaiuu   Article,  F%wc 

. of  the  Earth,  p.  S31. 

«  V.  Ba«e  da  Syat.  Meiriqae,  to1«  Ui,  p.  337.  i  EzperimenU,  p.  362« 


HISTORY  OF  ASTRONOMY.  109 

with  regard  to  the  system,  of  which  a  distance  about  doable  that  of  Saturn, 

the  earth  forms  part.    The  five  planets,  in  a  period  of  eighty-four  years.    The 

Mercury,  Venus,  Mars,  Jupiter,  and  name  given  by  Herschel  himself  to  the 

Saturn,  had   been   known  from  time  new  planet  was  the  Georgium  Sid  us, 

immemorial;  nor  does    it    seem    to  but  this  does  not  seem  to  have  been 

have  been  suspected  that  there  existed  very  favourably  received ;  Lalande  pro- 

in  the  solar  system  other  bodies  ana-  posed  to  give  it  the  name  of  its  disco- 

logons  to  them.    It  is  to  a  fortunate  verer ;  but  that  which  appears  to  have 

accident  that  we  owe  the  extension  of  finally  prevailed  is  the  name  of  Uranus, 

our   knowledge    on  this  subject.    On  applied  from    mythological   analoines. 

the  13th  of  March,  of  the  year  above-  In  the  Greek  fables  Uranus,  the  oldest 

mentioned,  William  Herschel,  an  able  of  the  gods,  was  the  father  of  Saturn, 

but  self-taught  optician  and  astronomer,  as  the  latter  was  of  Jupiter :   in  the 

having  directed  his  telescope  upon  some  solar  system  the  new  planet,  the  most 

small  stars  in  the  constellation  Gemini  distant  of  all,  lies  beyond  Saturn,  as  the 

perceived  in  one  of  them  some  peculia-  latter  does  beyond  Jupiter.    We  owe 

rities,  which  induced  ^him  to  examine  it  this  elegant  denomination  to  the  German 

more  closely.    The  excellence  of  his  astronomers.    It  was  first  used  in  the 

telescope  enabling  him  to  apply  a  mag-  tables  of  Wurm,  and  was  subsequently 

nifying  power  of  several  hundred  times,  adopted  by  the  French  Board  of  Lon- 

he  remarked  that  the  apparent  diameter  gitude.    The  discovery  of   the  planet 

of  the  body  in  question  increased  sen-  Uranus  afforded  an  altogether  unex- 

sibly,  while  that  of  the,smail  fixed  stars  pected  confirmation  of  a  curious  empi- 

near  it  remained  unaltered*.    This  and  rical  law  discovered  bv  Professor  Bode 

other   circumstances    induced  him  to  of  Berlin  to  prevail  between  the  dis- 

suspect  that  it  might  be  a  comet,  and  tances  of  the  various  planets  from  the 

his  conjecture  seemed  to  be  confirmed  sun,  which  ma^  be  thus  represented, 

when  two* days  afterwards  it  was  found  Suppose  the  distance  from  Saturn  to 

to  have  changed  its  place.    Being  then  the  sun  to  be  divided  into  190  parts : 

satisfied  that  the  body  he  observnl  was  then  the  mean  distance  of  the  other 

not  a  fixed  staf,  Herschel  communi-  planets,  respectively,  will  l>e, 

cated  his  discovery  to  Maskelyne  the  •  'TLt-g^gjn-. 

astronomer    royal,   by    whom  it  was       Venua     4  4-? -7 

made  known  to  the  continental  astro-       tkJpo^C .i'j_oQ_in 

nomers,  and  observations   were  made       i/ll^*^"" aIZIoIc 

upon  it  at  Paris,  Milan,  Berlin,  Stock-       ^^^^ 4  +  2.2.3  =  16 

holm,  and  other    places.    No    doubt,      j'{^' /.'o'o'o'o*  *<« 

being  entertained  of  its cometary  nature,  "    i.^'f^^^ vAVooi    ^I 

several  astronomers,  parti culwly  M6-  '  fat"r" \itooioi    .or 

chain,  Boscovich,  La  ^lace,  Lexell,  and       ^^"^"» 4  +  2.2.2.2.2.3  =  196. 

president  de  Saron,  attempted  to  cal-  This  law  was  remarked  by  Bode  in 
culate  its  orbit  in  the  usual  parabolic  1772,  consequently  some  years  before 
and  elliptic  hypotheses.  It  was  found  the  discoveiy  of  Uranus,  and  the  dis- 
however  impossible  to  obtain  elements  tance  of  that  planet  being  found  to 
which  would  represent  tolerably  anv  correspond  with  it,  afforded  a  very  re- 
sensible  portion  of  the  orbit,  which  markable  confirmation  of  its  truth.  But 
arose  principally  from  the  distance  being  it  will  be  perceived  that  there  is  a  defi- 
assumed  a  great  deal  too  small.  De  ciency  of  one  term  between  Mars  and 
Saron  was  the  first  to  perceive  that  it  Jupiter.  This  led  several  German  as- 
was  necessary  to  place  nis  body  much  tronomers  to  suspect  the  existence  of  a 
farther  than  an  ordinary  comet  in  the  planet  at  the  distance  required  by  Bode^s 
visible  part  of  its  orbit :  he  supposed  it  law,  which  from  its  smallness  had  hi- 
to  be  twelve  times  farther  from  us  than  therto  escaped  observation ;  and  de 
the  sun,  and  on  this  supposition  the  Zach  had  actually  computed  from  ana- 
calculations  agreed  much  better  with  logy  what  should  be  the  elements  of  the 
observation.  After  some  time  it  was  orbit  of  the  supposed  missing  planet, 
perceived  that  the  distance  did  not  sen-  These  surmises  were  destined  to  receive 
sibly  vary,  that  the  orbit  in  fact  was  a  curious  confirmation.  On  the  1st  of 
circular,  and  the  newly-discovered  body  January,  1801 ,  Piazzi,  astronomer  royal 
a  real  planet  revolving  round  the  sun,  at  at  Palermo,  being  occupied  with  a  revi- 

,. —  'i  sion  of  the  heavens  for  the  purpose  of 

'      •  FhUosoph.  Transact,  for  1781|  p.  4S3.  forming  a  new  and  extensive  catalogue 
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of  the    fited  stars,  perdTived  in  fhe  eeliptic.    In  this  latter  reftpeet  Pallas  is 

shoulder  of  the  Bull  a  small  Irady  which  very  remarkable,  as  the  mclination  of 

from  its  change  of  place  in  the  course  the  orbit  amounts  to  mcR'e  than  34°; 

of  a  few  days  he  at  first  supposed  to  be  while  for  no  other  planet  does  it  exceed 

a  comet;  and  as  such  he  announced  it  6^,  except  for  the  three  new  ones  Geres, 

to  Bode,  who  found  directly  from  the  Juno»and  Vesta,  and  even  for  these  docs 

observations  communicated  to  him^that  not  surpass  14^. 

the  orbit  was  circular,  and  that  the  body  Struck   with  the  approximation  to 

in  question  must  be  ranked  among  the  equality  between  the  majo^  axes  of  the 

Elanets  of  our  system.  Piazzi  himself  orbits  of  Ceres  and  Pallas,  Olbers  vras 
ad  recognized  this  fact  in  the  mean  led  to  the  ingenious  and  fortunate  eon- 
time,  and  Oriani,  de  Zach,  and  other  jecture,  that  both  these  bodies  were 
astronomers  came  to  the  same  eon-  only  fragments  of  a  larger  planet,  whieh 
elusions.  The  elements  calculated  from  had  been  shattered  into  pieees  by  sonM 
the  observations  by  the  former,  pre-  internal  explosion,  or  the  shodc  of  a 
sented  the  most  remarkable  resemblance  eomet :  and  he  remarked  that  if  this 
with  those  of  the  imaginary  planet  pre-  were  the  ense,  all  the  fragments  that  re- 
viously  calculated  by  de  Zach.  Thus  de  volved  round  the  siin  would  pass 
Zach  had  given  for  the  mean  distance  through  the  descending  node  of  the 
2.82  and  for  the  periodic  time  four  orbit  of  Pallas  upon  that  of  Ceres. 
years,  nine  months :  Bode  found  from  This  was  verified  by  the  diseorenf  of  a 
observation  2.75  for  the  distance,  and  third  new  planet  by  Harding  at  Lilien- 
for  the  [periodic  time  four  years,  nine  thai,  on  the  2d  September,  1804,  Teiy 
months  as  before.  This  remarkable  co-  near  the  place  where  the  paths  of  Ceres 
incidence,  occurring  after  the  discovery  and  Pallas  intersect,  which  has  reeetved 
of  Uranus  had  already  afforded  an  un-  the  name  of  Junof*.  The  elements  of 
expected  corroboration  to  the  law  of  this  planet  agree  very  fairly  with  the 
Bode,  has  made  the  latter,  though  en-  hypothesis  of  ^Gibers,  aUowmg  for  the 
tirely  empirical,  and  not  to  l>e  referred  different  effects  in  the  perturbations  of 
to  any  known  cause,  extremely  deserv-  Jupiter,  arising  from  the  diSbenee  m 
ing  the  notice  of  astronomers.  The  the  inclination  of  the  orlnts. 
new  planet,  which  was  supposed  to  com-  This  discovery  was  not  the  only  ihiit 
plete  our  system,  received  froto  its  dis-  of  the  ingenious  conjeetnre  of  Olbers  ; 
coverer  the  name  of  Cere^*.  following  with  eonstanef  his  idea  re- 
After  this  discovery  there  was  no  garding  the  position  of'^  the  nodes,  he 
reason  to  anticipate  any  others  of  a  reviewed  carefully,  every  itionth  during 
similar  fiatur^.  However  ofi  the  28th  the  space  of  three  years,  a  part  of  the 
of  March,  1802,  Dr.  Olbers  of  Bremen  constellations  of  the  Virgin  and  the 
observed  in  the  constellation  Virgo  a  Whale.  On  the  2 9th  of  March,  1807,  his 
moveable  star,  bearing  a  great  resem-  perseverance  was  rewarded  by  the  dis- 
blance  in  light  and  form  to  Ceres,  and  oovery  of  a  fourth  new  planet  in  the 
not  easily  to  be  distinguished  from  a  former  of  these  cohstellations,  similar  in 
star  of  the  seventh  magnitude.  Though  all  essential  partkmlars  to  the  three  p(re- 
the  external  appearance  of  this  body  viously  discovered.  Ttt  this  he  gave  the 
was  by  no  means  similar  to  that  of  a  name  of  Vest  at. 
comet,  yet  the  impossibility  of  repre-  These  four  small  planets  all  resemble 
senling  its  orbit  by  the  arc  of  a  circle,  each  other  not  only  in  the  magnitude  of 
induced  Olbers  to  suspend  his  opinion  as  the  semi-axes  of  thehr  Ot\AU,  but  also  in 
to  its  nature,  giving  it  in  the  interim  the  extreme  smallfless  of  their  diame- 
the  name  of  Pallas.t  But  when  the  obi  ler.  Schrbter  of  Lilienthal  affirms,  that 
servations  had  been  continued  for  alx)ut  in  the  case  of  Vesta,  the  apparent  semi^ 
three  weeks,  Gauss  undertook  to  deter-  diameter  does  not  amount  to  half  a 
mine  the  orbit,  without  any  previous  second}*  Herschel  has  made  repeated 
hypothesis  as  to  its  form,  and  found  attempts  to  measure  the  diameters  of 
that  Pallas  was  a  planet,  having  its  all,  but  their  extrenfe  strialhiess  seems 
orbit  very  close  to  that  of  Ceres,  but  to  render  all  Observation  of  this  sort 
distinguished  by  a  considerable  excen-  very  tmcettain}.  The  sfctte  observer 
tricity,  and  a  great  inclination  to  the . 


•  Motiiit.  Corf«tp.t61.  X.  p.31^. 


•  For  an  acconntof  the  discovery  of  Cere*,  set  t  Monat.  Corretp.vol.  zv.  p.  M2. 

y.  Zach.  MonatUche  Correspondent,  vol.  iU.,  p«  t  Philosoph.  Transact  for  1807,  p.  245  et  tea. 

$92.  )  PhUosoph.  Transact,  for  IMS,  p.  nidi  fBTlMfe 

t  If  ontt.  Corresp.  vol.  v.  pp.  481  and  5S1.  p.  81 ;  for  \^7,  p.  SM. 


fttStOftY  OP  AStHONOMY.  Ill 

bonsidefs  them  fo  form  a  cIms  of  bodies  in  1 759,  56^  Si'.  A  eompiiison  of  this 
intermediate  between  planets  and  co-  ansrle  with  that  of  1303  nfifes  an  annual 
mets ;  and  he  has  proposed  to  ip^®  diminution  of  1°  3'  nearly,  which,  con* 
them  the  name  of  asteroids.  But  there  sidermg  the  great  difficulty  of  the  men- 
seems  to  be  no  reason  why  a  certain  surements,  was  a  tery  striking  and  satis- 
size  should  be  considered  as  an  essential  factory  coincidence.  Thus  also  the  angle 
character  of  planets  ;  it  would  seem  c^f  position  between  the  two  stars  form- 
more  reasonable  to  make  the  difference  Ing  |  Bootis,  had  changed  30^  41'  in 
to  consist  in  the  ma^itude  of  the  excen-  about  twenty-two  years*;  and  many 
tricity  of  the  orbit.  Of  late  the  discovery  similat  if  ariations  were  noticed  in  others, 
of  comets  revolving:  within  the  solar  By  an  accurate  analysis  of  the  pheno- 
system,  has  made  it'raore  difficult  than  mena,  Herschel  showed  that  they  were 
ever  to  distinguish  between  planets  and  not  generally  susceptible  of  being  ex- 
comets  ;  unless  we  take  for  criterion,  plained  by  the  effects  of  annual  parallax, 
the  degree  of  ellipticlty.  This  Vi'iW  fur-  a  proper  motion  of  translation  Of  the 
nish  us  with  a  distinction,  at  onee  ob-  double  star  itself^  or  of  the  sun.  Suc- 
vious  and  easy  of  application :  in  the  eeeding  astronomers  who  have  investi- 
case  of  the  orbit  of  Juno  (the  most  ex*  ptied  this  interesting  subject  have  fully 
centric  of  the  planets)  the  ratio  of  the  confirmed  his  resuhs.  We  are  now  ao- 
excentricity  to  the  semi-axis  major  does  quainted  with  a  great  many  of  these 
not  exceed  0.26,  while  for  the  comet  of  binary  and  multiple  systems,  and  the 
>^ncke  it  is  0.85,  and  for  that  of  von  accurate  determination  of  the  revolu* 
Biela  0.75.  tions  performed  in  them  occupies  several 
It  was  a  natural  and  very  ancient  Oon-  of  the  most  distinguished  obseirvers  of 
jecture,  that  each  of  the  iixed  stars  is  the  present  day. 
itself  a  sun,  the  centre  of  a  system  analo-  A  motion  of  the  sun  itself,  and  of  the 
gotis  to  that  which  we  inhabit.  The  whole  solar  system  in  space,  has  been 
illustrious  Herschel  first  discovered  that  alluded  to  as  one  possible  cause  of  some 
there  exist  in  the  sidereal  spaces  systems  of  those  small  motions  of  the  fixed  stars, 
of  another  description,  formerl  by  the  which,  not  varying  according  to  any 
revolution  of  two  or  more  fixed  stars  known  law,  have  been  called  their  pro- 
abont  their  common  centre  of  gravity,  per  motions.  In  the  year  1783,  Her- 
The  telescope  had  shown  previous  ob-  schel  published  a  paper  in  the  Philoso- 
servers  that  many  stars  which  appear  phical  Transactions,  in  which  he  endea- 
single  to  the  naked  eye,  are  in  reality  voured  to  show  that  the  solar  system  is 
composed  of  two,  and  m  some  instances  in  motion  towards  a  point  in  tlie  hea- 
of  three  or  four  others.  The  great  excel*  vens,  not  far  from  the  star  x  Herculis. 
lence  of  his  telescopes  and  methods  of  That  the  sun's  centre  of  gravity,  or 
micromefrical  observation,  enabled  Her-  rather,  perhaps,  that  of  the  whole  system, 
schel  to  go  farther.  On  comparing  the  is  not  a  fixed  point  in  space,  appears 
positions  of  certain  double  stars  at  an  from  mechanica]  considerations  ex- 
mterval  of  twenty  years,  he  found  such  fremely  probable.  This  had  been  stated 
changes  as  could  only  be  explained,  by  by  Lalande  in  1776,  and  even  as  early 
the  supposition  of  the  revolution  of  one  as  1 760  the  illustrious  Mayer  had  ex- 
round  the  other,  or  of  both  round  some  pressed  an  opinion  that  our  sun 
intermediate  point.  Thus  in  the  well-  being  a  body  analogous  to  the  fixed 
known  double  star  Castor,  the  smaller  stars,  might  have  like  them  its  proper 
star  was  found  in  1803  to  be  at  the  motion.  But  an  examination  of  the  po<- 
same  distance  from  the  larger  that  it  sitious  of  the  most  remarkable  stars  at 
had  been  in  1779;  but  the  angle  of  distant  intervals,  renders  it  very  doubt- 
position  had  diminished  in  this  time  ful  whether  any  such  motion  can  be 
from  32^47'  to  10^53',  and  this  dimi-  traced.  This  point  has  been  examined 
nution  was  found  to  have  been  pretty  by  M.  Biotf,  who  finds  on  examining 
uniform  at  the  rate  of  about  56'  an-  the  proper  motions  of  Aklebaran,  Ca* 
nuall^*.  By  a  fortunate  acckknt,  the  pella,  Sirius,  Procyon,  Pollux,  Arcturus, 
line  joining  the  two  stars  of  Castor  had  and  Lyrse,  and  •  Aquilse,  that  they  ean- 
been  noticed  by  Bradley  in  the  year  1759,  not  be  explained  by  supposing  our  sys- 
as  being  parallel  to  that  joining  Castor  tem  in  motion  towards  a  point  situated 

and  Pollux  in  the  heavens,  which  ob- 

servation  gives  for  the  angle  of  positkm 

^ *  PhllM.  Ttmm,  for  1804,  p.  887. 

*  Phflof.  Train,  for  I8H  P<  W^  p*  Hi 
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near  that  indicated  by  Herachel ;  and  examined  with  a  good  telescope  are 

the  considerations  which  he  subjoins  solved  clearly  into  distinct  stars  clas- 

show  that  the  same  would  be  the  result  tered  closely  together  in  immense  num- 

were  any  other  point  taken.    For  be  bers.    The  most  remarkable  group  of 

the  point  in  question  (which  we  shall  this  description  is  that  which  appears  to 

call  the  pole  of  translation)  where  it  surround  the  heavens,  and  bears  the 

may,  it  is  easy  to  prove  that  the  direc-  name  of  the  milky  way.    Of  this  group 

tions  of  the  apparent  motions  of  the  it  is  supposed  that  our  sun  anui  the 

fixed  stars  resulting  from  such  a  cause  brightest  of  the  fixed  stars  form  a  part, 

as  we  now  suppose,  will  converge  to-  The  immense  number  of   stars  com* 

wards  this  pole.    It  is  also  evident,  that  prised  in  the  milky  way  surpasses  any 

there  will  be  no  motion  in  ri^ht  ascen-  conception  we  can  form  upon  the  sub- 

sion  on  the  circle  of  declination  which  ject.    We    may,  perhaps,  form  some 

passes  through  this  pole,  which  cirde  idea  with  regaid  to  it  from  the  circum- 

cuts  the  e<|uator  at  two  diametrically  stance  that  its  da)th  is  supposed  to 

opposite  pomts.    Now,  on   examining  exceed  a  thousand  times  the  distance 

the  list  of   proper    motions  given  by  from  Sirius  to  the  earth.    This  last  dis- 

de  Zach,  it  seems  that  in  going  from  0**  tance  we  must  recollect  is  so  great,  thai 

to  180°  of  right  ascension,  the  point  an  observer  placed  in  Sirius  would  not 

where  the  proper  motions  in  right  as-  see  the  diameter  of  the  earth's  orbit 

cension  change  their  sign  is  between  (about  190,000,000  of  miles)  under  an 

85°  and  98° ;  the  same  sign  then  pre-  angle  of  more  than  1".    Herschel  esti- 

vails  from  this  point  to  another  inter-  mates  that  in  a  zone  of  15°  in  lene^th  by 

mediate  between  219°  and  230°.    Yet  2°  in  breadth  there  are  comprised  50,000 

to  satisfy  the  condition  that  the  two  stars  visible  in  his  telescope, 
points  of  the  equator  of  which  we  have       It  must  not  be  supposed,  however, 

spoken    should  be    opposite   to  each  that  all  nebulae  are  to  be  resolved  into 

other  it  would  have  been  necessaiy  to  clusters  of  stars,  closely  packed  together, 

find  the  second  change  of  sign  between  Many  of  them  resemble  rather  planetary 

265°  and  278°,  that  is  to  say,  35°  from  bodies  than  the  light  produced  by  a 

the  place  where  it  reaWy  is.  multitude  of  stars.    Others  again  ap- 

Again,  if  there  were  a  general  motion  pear  to  be  composed  of  a  single  brig^ht 

towards  a  pole  situated  anywhere,  stars  star  placed  in  the  centre  of  a  less  lumi- 

situated  very  near  each   other  would  nous  mass.    Herschel,  observing  all  the 

have    motions    nearly    parallel.    Yet  varieties  of  appearance    presented  by 

this  is  found  to  be  by  no  means  the  these  nebulse,  was  led  to  the  conclusion 

case :  thus  »  Herculis  and  «  Ophiuchi  that  they  were  all  parts  of  a  luminous 

differ  only  5°  in  right  ascension,  and  2°  substance   scattered  through  the    im- 

in  declination ;  yet  the  variation  of  riffht  mensity  of  the  heavens,  which  accumu- 

ascension   in  forty-two  years  is  2'V26  lates  in  certain  points,  either  from  ma« 

for  the  first,  and  8''. 54  for  the  second:  tual  attraction,  or  that  of  a  neighbouring 

while  in  declination  it  is  10".8  and  +2''  star.    He  thought  he  could  distinguish 

resi)ectively.    The  three  stars  «,  fi,  and  y,  by  the  greater  or  less  degree  of  sphe- 

of  the  constellation  of  the  Eagle  present  ricity,  and  the  brilliancy  of  the  central 

discrepancies  still  more  considerable.  nucleus,  as    compared  vrith  .  the  sur- 

The  anomalies  of  which  we  have  been  rounding  nebulosity,  the  progress  in 

speaking  are  generally  most  remarkable  condensation  and  the  relative  ages  of 

in  those  stars  whose  proper  motions  are  different  nebulse,  just  as  we  may  follow 

the  most  considerable  and  the  best  as-  in  a  forest  the  growth  of  a  tree  bv  ob- 

certained.    The  conclusion  then  seems  serving  individuids  of  all  the  different 

inevitable,  that  if  the  supposed  motion  ages  contained  in  it.    The  first  stage  is 

of  the  solar  system  exist,  it  is  as  yet  that  of  an  uniformly  nebulous  mass  ; 

imperceptible,  being  masked  by  the  real  the    second,  that  of  a    similar  mass 

proper  motions  in  various  directions  of  slightly  condensed  round  two  or  three 

the  tixed  stars.  faintly  luminous  nuclei ;  these  nuclei 

A  very  cursory  inspection  shows  us  gradually  become  brighter ;    then  the 

that  the  fixed  stars  are  not  equally  nebulous    atmospheres  of  each  sepa- 

scattered  over  the  heavens,  but  rather  rating  by  the  effects  of  a  farther  conden- 

collected  in  groups,  some  of  which  from  sation,  there  result  compound  nebulae, 

their  immense  distance  have  a  cloudy  formed  of  brilliant  centres  very  near 

indistinct  appearance,  and  are  callea  each  other,  and  surrounded  respectively 

nebulse.    Many  of  these  nebulee  when  by  their  separate  atmospheres,    Soow- 
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tiiMs  the  luminodfl  matter,  by  a  more  the  ran.  Mechafiical  eoftsideratioiia 
imiform  ixxideniation,  forms  the  pla-  show  that  these  masses  would  assume 
netary  nebuIsB  of  which  we  have  spoken,  a  spheroidal  form,  with  a  motion  of  ro- 
Lastly,  a  hif^her  detnnee  of  condensation  tation  in  the  same  direction  as  the  mo- 
transforms  the  nebulae  into  groups  of  tion  of  revolution ;  and  if  one  of  them 
•tars  thickly  set  together.  were  sufficiently  considerable  to  unite 
These  observations  tend  to  corrobo-  successively  by  its  attraction  all  the 
late  a  very  elegant  and  ingenious  hjrpo-  others  round  its  centre,  we  see  how  the 
thesis  of  La  Place,  respecting  the  origin  ring  of  vapours  may  have  been  trans- 
of  the  sohur  system.  It  is  impossible  formed  into  a  single  spheroidal  mass  of 
not  to  be  struck  with  the  extraordinary  vapours,  circulating  round  the  sun. 
eireumstance  that  the  motions  of  all  with  a  motion  of  rotation,  in  the  same 
the  plants  and  satellites  take  place  direction  as  that  of  revolution.  The 
from  west  to  east«  and  very  nearly  in  formation  of  the  planets  being  conceived 
the  same  plane ;  and  that  the  motions  of  to  take  place  in  this  manner,  we  may 
rotation  on  their  respective  axes  are  all  easily  imagine  that  an  ulterior  conden- 
in  the  direction  and  nearly  in  the  plane  sation  has  produced  in  a  similar  way 
of  their  motions  of  projection.  These  the  satellites  which  revolve  round  the 
eomoidences,  to  which  we  may  add  the  planets.  If  the  whole  system  had 
small  excentricity  of  all  the  planetary  formed  in  this  manner  with  complete 
orbits,  are  too  extraordinary  to  be  the  regularity,  the  orbits  of  the  different 
result  of  chance.  They  evklently  depend  bodies  that  compose  it,  would  be  circles 
upon  some  common  cause,  which  deter-  whose  planes  as  well  as  those  of  thar 
mined  the  motions  of  the  respective  respective  equators  would  coincide  with 
bodies  at  their  formation.  that  of  the  solar  equator.  But  it  if 
La  Place  supposes  that  at  some  very  easy  to  understand  that  the  innumerable 
remote  period  the  solar  atmosphere  ex-  variations  of  temperature  and  density  in 
tended  beyond  the  limits  of  the  farthest  the  different  parts  of  these  great  masses 
planet  In  this  primitive  state,  the  have  produced  the  excentricities  of  their 
sun  resembled  those  nebulse  described  orbits,  and  the  deviations  of  these  op* 
by  Herschel,  as  composed  of  a  bri^rht  bits  from  the  plane  of  this  equator, 
nucleus,    surrounded     by    nebulosity, 

which,  as  it  gradually  condenses  at  the  ^  -wttt 

surface  of  the  nucleus,  ultimately  con-  Chapter  XXIII. 

verts  it  into  a  star.  Let  us  suppose  such 

a  condensation,  which  is  evidently  very  Conduiion* 

gredual,  to  take  place  in  the  imaginary 

primitive  solar  atmosphere.  The  laws  If  we  recur  for  a  moment  to  the  order 
of  dynamics  show  that  as  the  conden-  of  the  principal  facts,  of  which  it  has 
sation  goes  on,  the  sun*8  rotation  will  been  attempted  to  give  an  outline  in 
be  accelerated,  the  centrifugal  force  at  this  treatise,  it  will  be  seen  that  they 
the  limits  of  the  atmosphere  increased,  may  l)e  classed  in  three  periods  sut 
and  these  limits,  whicn  depend  upon  ficiently  distinct.  The  first  of  these* 
the  magnitude  of  the  centrifugal  force,  which  refers  simply  to  the  observation 
contracted.  of  celestial  phenomena,  and  the  hypo- 
In  this  manner  as  the  condensation  theses  by  which  they  were  reduced  to 
proceeds,  zones  of  vapour  will  be  succes-  calculation,  comprises  the  labours  of  all 
sively  abandoned,  wnich  by  their  con-  the  astronomers  antecedent  to  Copemi- 
densation  and  the  mutual  attraction  of  cus.  The  second  period,  that  of  Coper- 
their  particles  will  form  so  many  con-  nieus  and  Kepler,  embraces  the  dis- 
centric  rings  of  vapour  circulating  round  covery  of  the  real  motions  of  the  earth 
the  sun.  But  the  regularity  that  this  and  the  general  laws  of  the  planetary 
formation  requires  in  the  arrangement  revolutions.  The  third  period  is  cha- 
of  the  particles  of  the  zone,  and  in  their  racterised  bv  Newton*s  discovery  of  the 
cooling,  must  have  rendered  this  pheno-  causes  of  these  laws,  and  the  applica- 
menon  very  rare.  Accordingly  we  see  tion  of  analysis  to  the  theory  of  univer- 
but  one  instance  of  it  in  the  solar  sys-  sal  gravitation,  which  we  owe  to  the 
tern — ^that  of  the  rings  which  circulate  great  mathematicians  of  the  last  cen- 
round  Saturn.  In  most  cases  each  tury.  To  the  progress  made  within  that 
ring  of  vapours  would  divide  into  several  time  by  the  science  of  physical  astro 
masses,  which  with  near^  equal,  vdo-  nomy,  as  well  as  to  the  great  improve- 
eitics  woukl  continue  to  jeircuUte  rouBd  mentsintheconstructionof  instruments, 
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if  da«  th«  etitrpiismg  perfection  of  quv 
tables.  On  the  accuracy  with  which  the 
places  of  the  sun,  moon,  and  planets  can 
be  predicted  for  any  future  time,  depend 
the  most  important  applications  of  astro- 
nomy to  the  purposes  of  navigation  and 
geography.  This  accuracy  would  have 
een  unattainable  without  a  knowledge 
of  all  the  complicated  disturbances  ix^ 
the  motions  of  these  bodies,  produced  by 
their  mutual  action :  and  it  is  the  deter- 
mination  d  priori  of  the  mathematical 
laws  followed  by  these  disturbances, 
that  has  rendered  the  improvement  of 
the  tables  so  great  and  rapid  during  the 
last  half  century.  While  on  the  one 
hand  the  practical  advantages  of  this 
perfection  are  so  numerous  and  so  ex- 
tensively felt ;  on  the  other  the  solution  of 
the  great  mechanical  problem,  to  which 
astronomy  has  now  been  reduced,  bids 
fair  to  lead  to  results  of  the  highest  order 
among  philosophical  and  speculative 
truths. 

Indeed  the  advantages  derived  from  the 
perfection  of  astronomy  are  still  greater 
m  a  moral  than  in  a  practical  and  eco- 
nomical view.  This  has  been  well  ex- 
pressed by  La  Place,  with  whose  words 
we  shall  conclude.  *  Astronomy,  by  the 
dimity  of  its  object,  and  the  perfection 
of  Its  theories,  is  the  finest  monument  of 
the  human  understanding,  the   most 


nobla  preef  of  He  intelligeiiQi.  Led 
away  by  the  illusione  of  his  senses  and 
by  his  selMove,  man  long  looked  upoa 
himself  as  the  centre  of  the  heavenly 
motions,  and  his  vain  pride  has  beeo 
punished  by  the  fears  that  they  hav9 
caused  him.  At  last,  centuries  of  inves- 
tigation have  removed  the  veil  that  hid 
from  his  eyes  the  system  of  the  world. 
He  then  found  himself  on  a  planet  cd* 
most  imperceptible  in  the  solar  system, 
of  which  the  vast  extent  is  itself  only 
an  insensible  point  in  the  immensity  off 
space.  The  sublime  results  to  which 
this  discovery  has  led  him,  are  well  cal* 
culated  to  console  him  for  the  rank  that 
it  assigns  to  the  Sacth ;  it  shows  him  his 
own  greatness  in  the  smallnese  of  the 
base  which  he  has  employed  to  measure 
the  heavens.  Let  us  fweserve  with  care. 
let  us  augment  the  treasures  of  this 
lofty  knowledge,  the  delight  of  tbinkin|i^ 
bein^.  They  have  rendered  important 
services  to  navigation  and  geography; 
but  their  greatest  benefit  eonsists  in 
having  dissipated  the  fears  produced 
by  the  celestial  phenomena,  and  destroy- 
ed the  errors  arising  from  the  igno* 
ranee  of  -our  true  relation  to  nature} 
errors  and  fears  which  would  spring  up 
again  promptly,  were  the  toreh  of 
extinguished.' 
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PU0  ^  iki  pHruipai  BUmmii  of  ike  Indum  dttrwiMmf^  a$  eoniainmtin  the 

Sourya  Siddhania, 


Obliquity  of  the  ecliptic        « 
Greatest  equation  of  the  centre    • 
Length  of  the  sidereal  year 
Annual  precession  *  • 

Sidereal  revolution  of  the  moon 
,y  „  of  the  apsidee 

„  „  of  the  nodes 

Greatest  equation  of  the  centre 
Lunar  parallax  .  • 

SideresLl  revolution  of  Mercury 

Venus 
Mars 

Jupitev    \ 
Saturn 


P9 

»» 
f9 


It 
>• 
ft 


0*' 
39 
36* 

54" 


.       84^      0* 
8      10 
365*    6^     12» 

0°     nr 

117*    7^    39" 

•  3238*.  833^ 
6794.383 
5®   2'  48* 
51'  40" 
87.94 
•  881.99 
886.99 
k    4389.38 
10765.37 
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Piew  of  the  principal  ElemenU  qf  the  TcAies  ofPtotmy. 

Obliquity  of  the  ecliptic      .            ,            .        23°  51'      0" 

Greatest  equation  of  the  centre           •              •    8  23  '    0 
Length  of  the  tropical  year'         •             365*.    5\    55'».    12*. 

Annua]  precession              .            •            .          0°  O'    36'^ 

Mean  distance  of  the  sun  [the  earth's  radius  =  1]  .       1210 

Diurnal  tropical  revolution  of  the  moon      .        13°  10'    34'' 

u              »f              99    of  the  apsides               0  6     41 

f  >               ••               „    of  the  nodes      .            0  3     10 

Greatest  eauation  of  the  centre          .             .     4  59     14 

Apparent  aiameter  of  the  moon  (constant)      •     '  32     20 

Mean  distance  of  the  moon  (earth's  radius  »  1 )  =59 

Inclination  of  the  orbit             •            ,                5®  O'      O'' 

Mean  motion  in  365  days  of  Mercury       «        1493  43     13 

n            »,           M             Venus        •              584  46     57 

M           ••           >•             Mars               .        191  16     54 

>»           H            M             Jupiter        •              30  20     22.8 

tf           M           •»             Saturn           •          12  13     23«9 


Principal  Elements  of  the  Arabian  Aitronofnif,from  EUBatani. 

Obliquity  of  the  ecliptic        .  .  23°  35'    0" 

Length  of  the  tropical  year      .  ,  •     365*   5^  46"  24* 

Greatest  equation  of  the  centre  ,  1°  58'    0'' 

Annual  precession       .  •  •  •        0     0  54.5 

The  Lunar  Tables  of  £l-6atani,  and  his  parallaxes  of  the  sun  and  moon,  art 
those  of  Ptolemy ;  however,  instead  of  assummg  the  moon's  diameter  as  constant 
and  =    32'  20" 

he  makes  it    =    29  30     in  the  apogee. 

and  s    38  30     in  the  perigee. 

The  following  mean  motions  of  the  planets  are  taken  from  Ibn  Jounis* 

Motion  in  30  days  of  Mercury  •  93°  12     4"l 

u  If  »       Venus  •      48    29  47.8 

Mars  •  15    43   19.7 

Jupiter         •  •     2   29  38.0 

Saturn  .  1     0  17.7 


If 

» 

»> 

f» 

>f 

» 

*• 

»• 

Elements  of  the  Tablet  of  Tyeho  Brahi. 


Length  of  the  tropical  year 

Greatest  equation  of  the  centre 

Obliquity  of  the  ecliptic 

Annual  motion  of  the  apogee 

Mean  solar  parallax 

Annual  precession 

Mean  parallax  of  the  moon 

Greatest  ditto 

Least  ditto 

First  inequality — equation  of  the  centre 

Annual  motion  in  longitude  • 

„  „  anomaly  . 

„  argument  of  the  latitude 

Greatest  semidiameter        , 

Least  ditto 

Horizontal  refraction  (for  the  sun) 

Refraction  at  45"*  of  altitude         . 


365*  5'»  49"  0* 


2« 

8' 

15" 

23 

31 

30 

0 

0 

45 

0 

3 

0 

0 

0 

51 

0 

57 

24 

0 

66 

6 

0 

48 

43 

4 

58 

30 

129 

37 

32 

88 

43 

7.7 

148 

42 

45.5 

0 

18 

0 

0 

14 

24 

0 

34 

0 

0 

Q 
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The  following  mean  motiom  of  the   Planets  are  taken  from  the  Rudo^hine 

Tablee  of  Kepler. 

Mean  motion  of  Saturn  in    865  days  1*2^  13'  36" 

„           „  Jupiter        .           30   20  32 

»»           „  Man           •          131    17     8 

„            „  Venus         .          224    47   36 

M            „  Mercury         •         53    43    15 


Additional  ObeervaOons  on  the  Indian  Tablee. 

It  has  been  thought  advisable  to  reserve  for  the  Appendix  a  more  extended 
account  of  the  Indian  Tables  and  methods  of  calculation :  a  subject  of  great 
interest,  but  which  it  is  difficult  to  explain  without  entering  into  details  too  obscure 
and  technical  to  suit  the  text  of  this  Treatise.  It  is  unnecessary  to  recapitulate  the 
reasons  which  have  been  assigned  for  refusing  to  the  Indian  Tables  that  antiquity 
which  has  been  attributed  to  them  by  some  authors ;  and  for  supposing  the  date 
of  the  Surya  Siddhanta  in  particular  to  be  several  centuries  posterior  to  the  Chris- 
tian sra.  Nor  can  we  enter  into  the  discussions  raised  between  Messrs.  Bentlcy 
and  Colebrooke  about  the  age  of  various  early  Hindoo  astronomers.  Were  the 
ancient  Sanscrit  treatises  of  astronomy  accessible  to  the  European  public,  an 
opinion  might  be  formed  as  to  the  relative  probability  on  either  side  of  the  ques- 
tion. But  as  long  as  these  treatises  (the  various  Siddhantas  of  Brahma,  Surya, 
&c.,)  remain  not  only  unpublished,  but  in  a  language  known  to  very  few  if  any 
scientific  men  in  this  country  ;  and  as  long  as  our  knowledge  of  them  is  confin^ 
to  a  few  scanty  extracts,  elicited  by  scientific  controversy,  it  is  next  to  impossible 
to  appreciate  the  vaJue  of  the  arguments  and  opinions  offered  on  the  subject.  la 
this  uncertainty,  we  shall  merely  content  ourselves  with  observing  that  Mr.  Bentley, 
in  his  Historical  View  of  the  Hindu  Astronomy  *,  refers  the  earliest  Indian  obser- 
vations to  the  year  1425  B.C.,  at  which  time,  according  to  him,  the  lunar  man- 
sions or  constellations  of  the  lunar  zodiac  were  formed  t-  The  date  in  question 
is  deduced  from  the  position  of  the  colures:  a  certain  mansion  having  received  its 
name  from  being  bisected  by  the  equinoxial  colure  at  the  time  of  its  formation  $. 
The  next  observation  may  be  referred  to  the  year  1181  B.C.,  when  the  sun  and 
moon  were  in  conjunction- in  the  winter  solstice.  At  this  time  it  is  said  that  the 
twelve  solar  months  were  formed,  and  observations  made  on  some  of  the  planetsf. 
About  the  year  945,  it  was  ascertained  that  the  Colures  had  fallen  back  3^  2u' 
from  their  positions  at  the  former  observations  in  1181,  thus  giving  an  annual 
precession  of  nearly  4 8'\  5 7 1|.  It  is  unnecessary  to  recapitulate  various  observa- 
tions on  the  quantity  of  precession,  the  position  of  the  planets,  the  heliacal  rising 
of  certain  stars,  made  in  the  course  of  the  seven  subsequent  centuries.  About  the 
year  204,  according  to  Mr.  Bentley  %  considerable  improvements  were  made  ia 
astronomy,  new  and  more  accurate  tables  formed,  and  new  equations  introduced. 
At  this  time,  too,  the  Hindoo  history  was  divided  into  periods  for  chronological 
purposes ;  and,  in  order  to  recover  them  by  astronomical  computation,  should 
they  be  lost,  the  following  system  was  adopted :— For  the  year  with  which  each 
period  began  and  ended  they  computed  the  day  of  the  month,  and  the  moon's  age, 
on  the  day  in  which  the  sun  was  in  conjunction  with  Jupiter.  These  chronolo- 
gical periods  were  called  Yugas.  The  end  of  the  first  period,  or  Kali  Yug,  vras 
fixed  Dy  a  conjunction  of  the  Sun>  Moon,  and  Jupiter,  in  the  beginning  of  Cancer, 
on  the  26th  of  June,  299  B.C.  At  a  later  time,  similar  chronological  periods, 
called  Manwantaras,  were  formed,  and  similarly  determined,  with  the  difference 
that  the  planet  Saturn  was  employed,  instead  of  Jupiter.  Of  the  Yogas  there 
were  four ;  and  the  earliest  of  them,  the  Krita  Yug,  began  in  the  year  2352  B.  C. 
Of  the  Manwantaras  there  were  ten,  and  the  earliest  began  4235  B.C.  The 
object  of  the  introduction  of  the  latter  seems  to  have  been  to  increase  the  supposed 
antiquity  of  the  nation. 

*  London,  1835,  8to. 
t  It  appews  that  at  flnt  there  were  SB  of  these  mansions,  each  comprising  an  arc  of  12°  .61'3-7ths  j  but 
these  were  subaeqaently  reduced  to  97  of  i2P . S(K  each.    Bentley.  op.  cl t  p.  6. 
^,     ^  t  BenUey,  p.  2.  |  BenUey,  p.  10. 

I  This,  however,  was  not  the  lirst  obserratlon  of  precession :  the  solstice  of  1181  had  shows  than, 
tut  BiDCf  the  formation  of  the  lunar  naoslona  the  colures  liad  retrograded  throush  J°.3<r. 

%  Page76. 
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With  the  year  538  A.  D*,  begins,  according  to  Mr.  Bentiey/  the  modem  astro* 
nomy  in  Hindoos! an;  an  astronomy  characterised  by  the  introduction  of  new 
and  enormous  periods.  The  Bramins  at  this  time  chose  to  select  a  period  of 
4320000000  years,  which  they  called  a  Kalpa.  The  object  of  going  so  far  back  into 
antiquity  was  to  obtain  a  mean  conjunction  (or  at  least  an  approximation  to  such) 
of  all  the  planets  in  the  beginning  of  the  sidereal  sphere,  commencing  with  the 
lunar  asterism  Aswini.  The  Kalpa  was  subdivided  into  14  Manwantaras,  each  of 
308448000  years  with  the  addition  of  172S000  years  to  make  up  the  Kalpa.  The 
Manwantara  again  they  divided  into  71  Maha  Yugas  or  great  ages  of  4320000 
years  each,  with  the  addition  of  1728000  to  make  up  the  Manwantara.  The  Maha 
YugR,  or  fijeat  age,  they  divided  into  four  others,  viz,  the  Kali  of  432000  years,  the 
Dwaparor864000years,  the  Treta  of  1296000,  and  the  Krita  of  1728000  years: 
assigning  to  these  periods  the  same  names  that  they  had  used  in  the  former  di^ 
visions  of  their  history.  Knowing  the  positions  of  the  planets  for  a  certain  day  of 
the  year  538  A.  D.,  the  respective  mean  motions  may  be  concluded  b^  a  com- 
parison with  the  places  at  the  beginning  of  the  Kalpa ;  and  hence  their  places 
calculated  for  any  intermediate  or  subsequent  time. 

The  most  ancient  astronomical  system  framed  upon  these  principles  is,  as  we 
have  just  said,  referred  by  Mr.  Bentley  to  the  year  538  A.  D.  The  author  is 
supposed  by  some  to  be  Brahma  Acharya,  by  others  Brahma  Gbpta :  the  system 
itself  is  given  in  a  work  called  the  Siddhanta  Siromani,  generally  referred  to  the 
latter  of  these  two  authors.  The  next  in  chronological  order  are, — the  Vasishtha 
Siddhanta,  pretending  to  have  l>een  composed  1299101  years  B.C.,  the  Surya 
Siddhanta,  claiming  a  pretended  antiquity  of  3027101  years  B.  C,  and  the  Soma 
Siddhanta,  to  which  the  date  of  3101  years  B.C.  is  fictitiously  ascribed.  From 
astronomical  data,  in  particular  the  longitude  of  Canopus,  Mr.  Bentley  refers  the 
Vasishtha  Siddhanta  to  the  year  928  A.  D.  In  later  times  occur  the  Arya  Siddhanta, 
(A.  D.  1322)  Parasara  Siddhanta  and  others. 

Such  are  the  views  of  Mr.  Bentley  with  regard  to  the  origin  and  progress  of 
astronomy  among  the  Hindoos.  In  themselves  they  are  sufficiently  reasonsu)le  and 
probable ;  and  the  date  thus  assigned  to  the  Surya  Siddhanta  is  strongly  confirmed 
by  an  examination  of  the  errors  of  the  tables  contained  in  it*.  But  it  is  much  to 
be  regretted  that  Mr.  Bentley  has  altogether  omitted  to  quote  his  authorities  for 
the  different  facts  stated  by  him ;  so  that  it  is  impossible,  except  in  a  few  instances, 
to  ascertain  whether  they  rest  upon  astronomical  deductions  or  positive  historical 
testimony.  Indeed  it  would  appear  that  many  works  now  existing  in  Sanscrit 
contain  passages  altogether  contradictory  to  the  truth  of  this  system :  these  pas- 
sages Mr.  Bentley  declares  to  be  foi^eries  and  interpolations  of  the  modern  Brahmins. 
Indeed  he  is  obliged  to  suppose  that  the  whole  of  the  ancient  Hindoo  works  have 
been  remodelled  by  the  modem  Indians  to  increase  the  pretended  antiquity  of  their 
history  and  astronomy ;  that  all  passages  unfavourable  for  this  purpose  have  been 
struck  out;  and  a  great  number  of  a  contraiy  description  interpolated.  This 
hypothesis  of  Mr.  Bentley  seems  rather  forced :  now  far  it  is  really  borne  out  by 
facts  must  be  left  to  the  decision  of  the  few  who  have  opportunities  of  examining 
critically  the  Sanscrit  literature. 

We  shall  now  proceed  to  consider  the  nature  of  the  Indian  astronomical  systems 
and  tables,  without  entering  into  any  further  discussions  on  their  antiquity.  The 
most  celebrated  and  best  known  of  these  systems  is  the  one  known  by  the  name  of 
the  Surya  Siddhanta.  We  should  form  a  false  notion  of  this  book,  were  we  to 
suppose  it  at  all  similar  to  any  European  tables  or  treatises  upon  astronomy.  To 
convey  some  idea  of  the  nature  of  the  work,  we  shall  f^ive  an  extract  from  it 
published  by  Mr.  Davis  in  the  second  volume  of  the  Asiatic  Researches.  '  Time 
of  the  denomination  Murtat  is  estimated  by  respirations :  six  respirations  make  a 
Vicala,  sixty  Vicalas  a  Danda,  sixty  Dandas  a  Nacshatra  day,  and  thirty  Nacshatra 
days  a  Nacshatra  month.  The  Sevan  month  is  that  contained  between  thirty 
successive  risings  of  Surya,  and  varies  in  its  length  according  to  the  Lagna  Bhiia. 
Thirty  TiChis  compose  the  Chandra  month.  The  Saura  month  is  that  in  which  the 
Sun  describes  one  sign  of  the  Zodiac,  and  his  passage  through  the  twelve  signs  is 
one  year,  and  one  of  those  years  is  a  Deva  day,  or  day  of  the  Gods.    When  it  is 

*  See  page  II. 
t  Thii  ia  meen  sidereal  time.    A  Nacebatra,  or  aldereal  day,  Is  tbe  time  !d  wUcb  the  stars  appeaito 
make  one  complete  revolution.    The  Savan  It  the  solar  day  :  the  Lagoa  Bh^a  mcaps  the  right  aacea , 
Bioo.   Aslat,  Rctearpbf  ToU  IL  p.  280. 
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day  at  Aiurt*  it  l«  night  with  the  Gods  i  and  when  it  is  dajr  with  the  Gods  if  is 
night  at  Asunu  Sixty  of  the  Deva  days  multiplied  by  six  give  the  Beva  year; 
aid  1200  of  the  Deva  years  form  the  aggregate  of  the  four  Yugas.  To  determine 
the  Saura  years  contained  in  this  aggregate,  write  down  the  following  numbers 
4,  3,  8,  which  multiply  by  10000 :  the  product  4320000  is  the  aggregate,  or  Maha 
Yoga,  inchtdinj^  the  Sandhi  and  Sandhiansat.  This  is  divided  into  four  Yuraa,  by 
reason  of  the  different  proportions  of  virtue  prevailing  on  the  earth  in  thefoUowing 
manner.  Divide  the  aggregate  4320000  by  J  0  and  multiply  the  quotient  by  4  for 
the  Satya  Yu^,  by  three  for  the  IVeta,  by  two  for  the  Dwapar,  and  by  one  for  the 
Call  Yug.  Divide  either  of  the  Yugs  by  six  for  its  Sandhi  and  Sandhiansa, 
Seventy  one  Yugs  make  a  Manwantara,  and  at  the  close  of  eachManwantarathers 
T»  a  Sandhi  equal  to  the  Satya  Yug,  during  which  there  is  an  universal  deluge. 
Fourteen  Manwantaras,  includinji;  the  Sandhi,  compose  a  Calpa,  and  at  the  com- 
nenoement  of  each  Calpa  there  is  a  Sandhi  equal  to  the  Satya  Yug,  or  1728000 
Saura  years.  A  Calpa  is  therefore  equal  to  1000  Maha  Yugs.  One  Calpa  is  a 
day  with  Brahma,  and  his  night  is  of  tne  same  length ;  and  the  period  of  his  life  is 
1 00  of  hisyears.  One  half  of  the  term  of  Brahma's  life  is  expired,  and  of  the  remainder 
tiie  first  Calpa  is  begun ;  and  six  Manwantaras,  including  the  Sandhi,  are  expired. 
The  seventh  Manwantara,  into  which  we  are  now  advanced,  is  named  Vaivas-wata : 
of  this  Manwantara  27  Maha  Yugs  are  elapsed,  and  we  are  now  in  the  Satya  Yug 
of  the  28th,  which  Satya  Yug  consists  of  1 728000  Saura  years.  The  whole  amount 
of  years  fVom  the  beginning  of  the  Calpa  to  the  present  time  may  hence  l>e  eooD- 
puted ;  but  from  the  number  of  years  so  found  must  l)e  made  a  deduction  of  ona 
nundred  times  four  hundred  and  seventy-four  divine  years,  or  of  that  product  multi- 
plied by  three  hundred  and  sixty  for  human  years,  that  being  the  term  of  Brahma*8 
employment  in  the  creation  ;  after  which  the  planetary  motions  commenced.* 

Making  the  calculations  indicated  in  the  text  of  the  Surya  Siddhanta  we  get       \ 

^  „  4320000 

Kail  «  — Yo —  ^  1  -    432000 

^  4320000 

Dwapar    »  — — —  x  2  =    864000 

Treta       »    a  Kalis  =  1296000 

Satya  »  4  Kalis  ^        1728000 

Maha  Yug  ^        4320000 

MulUply  by  71  »    802400000 

71  Maha  Yugs  »    306720000 

Sandhiansa  aa  Satya  Yug  «        1728000 

308448000 
Multiply  by  14  b  1233792000 

4318272000 

Sandi  s       1728000 


The  whole  duration  ofthe  Calpa  then  s  4320000000 

The  Sandhi  at  the  beginning  of  the  Calpa  »        1728000 

6  Manwantaras  a   1850688000 
20  Maha  Yugs  3=      86400000 

7  Maha  Yugs  a      30240000 
Satya  age  of  the  28th  Maha  Yug  «        1728000 

1970784000 

Subtract  474  x  360  m          170640 


Period  elapsed  from  the  beginning  of  thel 
Calpa  .  .  .  J 


1970613360 


•  The  Soafh  Fote.  i  tforalaf  and  eyeaiaf  twUifht. 
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The  flurira  Biddhanta  then  proceeds  :-- 

*  lAone  Ytfir,  Surym  Buddha  and  Suera  perfmro  4720000  Madhyama  revtiil^ 
tlons  through  the  zodiac ;  Mangala,  Vrihaapati  and  6ani  make  the  same  tiumber 
hi  Sivra  revolutiong  through  it ;  Chandra  makes  5775S3S6  Madhyama  revolutions! 
Manfifala  229683^  Madhyama  revolutions ;  Buddha*s  Sigras  are  17937060  |  YtiYa^ 
Bpali*8  Madhyamas  304220 ;  Sucra*s  Sigras  7022376 ;  SanVs  Madhyamas  aro 
146568.  The  Chandrochcha  revolutions  are  488203 ;  the  retrograde  revolutions  of 
the  Chandrapafa  are  232238.* 

To  understand  this  passage  it  is  necessary  to  observe  that  Surya  means  the  Sun ; 
Buddha,  Mereiiry ;  Sucra,  Venus;  Mangala,  Mars;  Vrihaspati,  Jupiter;  8ani» 
Saturn;  Chandra,  the  Moon;  Chandrochcha,  the  Moon*s  apogee;  Chandra 
Pata,  the  Moon*s  ascending  node.  The  Madhyama  revolutions  of  Mars,  Jupiter 
and  Saturn,  and  the  Sigra  revolutions  of  Venus  and  Meroury  correspond  to  theit 
revolutions  about  the  Sun.  The  mean  revolutions  of  the  two  latter  planets  are 
then  equal  to  that  of  the  Sun,  as  in  Ptolemy.  The  length  of  the  lunar  month  nft 
be  fonnd  irom^this  passage  as  follows  :-* 

Chandra  revolutions  in  a  Yug    «=  57753336 
Madhyama  revolutions  of  Surya  s    4320000 

Lunar  months  in  a  Yug  =  53433336 

And  1 57791 7828»  being  the  numt)er  of  days  in  a  Yug,  (see  below), 

157791 7828 

Length  of  the  lunar  month  =    -^..^,,--    =  29*  12*  44"  2*  47'"  in  English  time* 

The  Surya  Siddhanta  proceeds, — 

*  The  time  contained  between  sunrise  and  sunrise  is  the  Bhumi  Savan  dav :  the 
numlier  of  those  days  contained  in  a  Yug  is  15777917828.  The  number  of  Nao- 
shatra  days  1582237828  ;  of  Chandra  days  1603000080;  of  Adhi  months  1593336  ; 
of  Cshaya  Tilhis  25082252;  of  Saura  months  51840000.    From  either  of  the 

Elanet's  Nacshatra  days  deduct  the  number  of  its  revolutions,  the  remainder  will 
e  the  numt>er  of  its  Savan  days  contained  in  a  Yug.  The  difference  between  the 
number  of  the  revolutions  of  Surya  and  Chandra  gives  the  number  of  Chandra 
months ;  and  the  difference  between  the  Saura  months  and  Chandra  months 
gives  the  number  of  Adhi  months.  Deduct  the  Savan  days  from  the  Chandra 
davs,  the  remamder  will  be  the  number  of  Tithi  Cshayas*  The  nttmt)er  of 
Adhi  months,  Tithi  Cshayas,  Nacshatra,  Chandra,  and  Savan  days,  multiplied 
severally  bv  J  000,  gives  the  number  of  each  contained  in  a  Calna.* 

To  get  the  lengtn  of  the  Hindoo  year,  divide  the  number  of  Bhumi  Savan  days 
contained  in  a  Yug  by  the  solar  revolutions  in  the  same,  and  we  obtain 

*  '  1577917828 

Length  of  the  Hindoo  year  »  —  -    ■       ^  365*  6*  12-86*  33''Mn  English  time. 

• 

To  find  the  Moon*s  periodical  month,  divide  the  same  number  of  days  by  the 
number  of  Chandra  revolutions  in  a  Vug,  and  we  get 

1577917828  ,    , 

57753336     "^  ^7*  7^  39-  12-  38'". 

The  Chandra  days,  called  also  Tithis,  are  each  one-thirtieth  part  of  the  Moon's 
svnodical  month,  and  vary  in  length  according  to  the  inequality  of  her  motioii. 
The  Adhis,  or  intercalary  lunar  months,  are  thus  found, — 

Lunations  in  a  Yug     a:  53433336 
Saura,  or  solar  months  a  51840000 

Adhis  in  a  Yog  «     1593336 

The  Surya  Siddhanta  then  adds, 

'  The  number  of  Mandochcha  revolutions,  which  revolutions  are  direet,  or  ac- 
cording to  the  order  of  the  signs  contained  in  a  Calpa,  is,  of  Surya  387 )  ef 
Manffala  204 ;  of  Budha  368 ;  of  Vribaspati  900 ;  of  Sucra  535 ;  of  Sani  39.* 

'  The  number  of  revolutions  of  the  Patas,  which  revolutions  are  retrograde,  or 
contrary  to  the  order  of  signs  contained  in  a  Calpa,  is,  of  Mangala  214  ;  of  Budha 
488;  of  Vribaspati  174;  of  Sucra  908;  of  Sam  662.  The  Pata  and^Oceha  of 
Chandra,  are  already  mentioned.* 
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It  may  ^  ^  ^^  ^^  repeat  here  that  Mandochoha  means  the  apo^M ;  9aU  tfie 
node.  The  Brahmins  have  perceived  the  necesaitv*  in  the  coune  oif  time,  of  ap- 
plying some  corrections  to  these  numbers.  Thus  the  motions  of  the  Moon'a  apcHvee 
and  node  are  now  increased  in  computations  of  their  places  by  the  addition  of  four 
revolutions  each  in  a  Yufr,  to  the  respective  numbers  above  given. 

If  we  now  proceed  to  the  consideration  of  the  equations  of  the  centre,  we  find 
that  the  Hindoos,  like  Ptolemy  and  the  earlier  European  astronomers,  employ 
excentric  circles,  and  epicycles.  In  the  excentric  they  suppose  the  exeentncity 
equal  to  the  sine  of  the  greatest  equation  of  the  centre ;  ana,  generally,  the  sine  of 
the  equation  of  the  centre  equal  to  the  sine  of  the  greatest  equation  x  sine  of  the 
anomaly.  This  fundamental  principle  is  common  to  the  Greeks  and  Indians. 
The  latter,  as  well  as  the  former,  substitute  an  epicycle  for  the  excentric,  the 
radius  of  the  epicycle  bein^  equal  to  the  excentricity.  But  the  Hindoos  modify 
their  calculation  m  a  peculiar  way,  the  necessity  or  advantage  of  which  it  is  not 
easv  to  see.  The  equation  of  the  centre  of  the  Sun  being  130'.  32",  the  Indians  say, 

Radius  3438' :  excentricity  =  130'.32'' ::  360°  :  13°. 40'  =  circumference  of  the 
epicycle.  This  circumference  they  call  the  paridhi-ansa ;  they  take  on  it  an  arc 
equal  to  the  mean  anomaly.  The  sine  and  cosine  of  this  anomaly  in  the  little 
circle  are  in  a  given  ratio  with  the  sine  and  cosine  of  the  same  arc  in  the  greater 
circle 


P 

Let  E  be  the  centre  of  the  excentric  circle  FMIH,  which  is  the  orbit  of  the 
Sun ;  0,  the  Earth,  and  Q  G I P  a  circle  which  has  0  for  its  centre ;  E  0  is  the 
excentricity,  H  the  place  of  the  apogee.  Take  the  Sun's  mean  place  at  a,  and 
with  a  radms  =  excentricity  describe  the  epicycle  ego,  cutting  H  F  M  I  in  e;  a 
line  joining  c  a  will  clearly  be  parallel  to  G  0,  (for  the  radius  0  a  =  the  radius 
£  H  or  E  c) :  join  0a  and  prolong  it  to  ^,  the  angle  c  a^  =  H  0  a  =  the  meaa 
anomaly ;  call  this  angle  f,  then  C  A  s  oc  .sin.  p 

=  e .  sin.  ^  [e  =  excentricity], 
0A  =  0a  +  aA     . 
=  1  +  e  .  cos.  f . 
Knowing,  then,  ch  and  0A,  we  might  find*  00,  and  thence  deduce  the  amde 
cQa,  which  angle  =  a0ll  -  c0H  .  ^ 

=  mean  anomaly  -  true  anomaly 
s  equation  of  the  centre. 
The  square  of  the  hypothenuse  =  <■  .  sin.*  ^  +  1  +  2^ .  cos.  f  +  ^ ,  cos.*f* 

=  1  +  ^  +  2tf .  COS.  f , 
e  .  sin,  p  \ 

and  sin.  c^a^    ,,  ^  ^  .  «,  =  *  •  "°-  f  -  -5-  •  «*  "«•  «f- 

This  would  be  very  nearly  the  rigorous  formula.  But  in  the  case  of  the  Sun  and 
Moon  they  adopt  a  peculiar  artifice ;  they  adopt,  in  fact,  a  variable  excentricity  ; 
they  augment  the  circumference  of  the  epicycle  by  20'  sin.  p,  which  is  the  same  as 
augmenting  the  radius  by3Ml"  sin.  f;  the  excentricity  becomes  then  generally 

=  133'.43"-3Ml".sin.  f; 
hence  the  equation  of  the  centre  =  (133'.43"  -  SMl"  .  sin.  p)  sin.f, 

=    133'. 43"  .  sin.  ^  -  3Ml'\  sin.*  f. 

*  Th«  ibortMt  way  would  be  to  find  the  are  Arom  the  UdmdL  hot  thU  the  Indlanf.  who  iifiWMi  *«m^ 
of  eines  only,  conld  not  do.  ■  "-^^ 

t  In  the  Altai.  Betearch.,  roL  U.  p.  245,  It  to  pat,  bj  mUtfke,  SSft'. 
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.'  .The  hmar  eqntlioii  is  cftlculatedby  the  sane  method ;  and,  though  the  equation 
is  doable  that  of  the  Sun,  with  the  same  empirical  correction  3M  V  sin.>  f,  which 
seems  very  extraordinary.  But  it  b  remarkable  that  these  formulae  represent 
the  equations  in  question  with  great  accuracy;  in  fact, with  much  greater  ac* 
curacy  than  the  Indians  could  use,  their  fables  of  smes  being  only  calculated  for 
every  3*^^. 

Mention  has  already  been  made  of  these  tables  in  the  first  part  of  this  Trea- 
tise: as  they  are  not  the  least  curious  part  of  the  subject,  it  may  be  worth  while, 
in  this  place,  to  give  a  more  detailed  account  of  them. 

The  precept  in  the  Sur}'a  Siddhanta  is  the  following.  '  Divide  by  8  the  number 
of  minutes  contained  in  a  sign,  that  is  to  say  1800:  the  quotient  225' is  the  first 
Jyapinda,  or  the  first  of  the  twenty-fourth  portions  of  half  the  strinir  of  the  bow, 
(half  the  chord  of  the  double  arc).  Divide  the  first  Jyapinda  by  233 .  506t,  subtract 
from  the  dividend  the  quotient  1',  and  add  the  remamder  to  the  first  Jyapinda  to 
form  the  second  449.  Divide  the  second  Jyapinda  by  233 .506,  the  quotient  being 
1^  and  more;  subtract  2'  from  the  preceding  224,  and  add  the  remainder  thus  found 
to  the  second  Jyapinda,  to  form  the  third  671.  Divide  this  number  by  233.506 ; 
subtract  the  quotient  3'  firom  the  last  remainder  222' ;  add  the  remainder  219  to 
the  tliird  Jyapinda  to  form  the  fourth  890  ;  and  thus  continue  till  you  have  com- 
pleted the  24  cramadjyas,  (right  sines).*  Tliis  method  is  founded  upon  the  following 
principle:— the  second  difference  of  sin.  A, 

£   or  A*  •  sin.  A  =s  -  4  sin.*  ("-5-")  ^^  A 

=  -  (chord  A)«  •  sin.  A* 
In  this  case  a  A  »  3^.45,  i  A  A  =  l^52^30'' 

4  sin.'-~  =  0.00428256 

1 


233.506' 


1 


The  Surya  Siddhanta,  as  translated  by  Mr.  Davis,  gives  r^;  but  as  this  is  not  the 

tight  value,  and  yet  the  Indian  table  is  accurate,  there  seems  to  be  some  mistake 
in  the  translation.  To  enable  the  reader  to  judge  of  the  accuracy  of  the  table,  we 
subjoin  it  here,  comparing  it  at  the  tame  time  with  the  modem  European  tables*. 


Arcs. 

Isdlan 
•inet. 

Modern 

•lOM. 

Arcs. 

Indian 
ainct. 

Vodern 
•1dm. 

0.  0 
3.45 
7.30 

11.15 

15. 

000 
225 
449 
671 
890 

000 

224.85 

448.75 

670.71 

889.81 

48.45 
52.30 
56.15 
60.0 

2585 
2728 
2859 
2978 

2584.64 
2727.35 
2858.38 
2977.18 

18.45 
22.30 
26.15 
30.  0 

1105 
1315 
1520 
J719 

1105.02 
1315.57 
1520.48 
1718.87 

63.45 
67.30 
71.15 
75.  0 

3084 
3177 
3256 
3321 

3083.28 
3176.06 
3255.31 
3320.68 

33.45 
37.30 
41.15 
45.  0 

1910 
2093 
2267 
2431 

1909.91 
2092.77 
2266.66 
2431.08 

78.45 
82.30 
86.15 
90.0 

3372 
3409 
3431 
3438 

3371.69 
3408.44 
3430.38 
3437.75 

A  Hindoo  commentator  on  the  Surya  Siddhanta,  after  showing  how  to  divide 
the  quandrant  of  a  circle  into  twenty- four  equal  parts,  adds,  '  The  square  of  the 
bhoujajya  (sine),  subtracted  from  the  square  of  the  trijya  (radiux),  gives  the  square 

of  the  cotijya  (cosine) Take  the  trijya  =  3438'  and  containing  24  jyapindas : 

its  half  is  the  jyapinda  of  a  sign  or  30°  =  1719*,  which  is  the  eighth  jyapinda  or 
sixteenth  ootijyapinda.  Multiply  by  3  the  square  of  the  trijya,  and  divide  the 
product  by  4,  the  square  root  of  the  quotient  is  the  jya  of  two  signs,  or  2977' :  the 


*  V.  DeUnbrei  Attroo.  AnctTol.  I.  p.  460, 
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kquare  root  of  half  the  gauare  of  the  trijya  is  the  jya  of  45»  or  2431',  wWA 
tiumber  subtracted  from  the  tryya  leaves  the  ourcramajva  (versed  sine).  lOOf. 
Multiply  the  trijya  by  thb  outcramajya,  the  square  root  of  half  the  product  is  the 
jya  of  22°.  30'.  Subtract  the  square  of  this  number  from  the  square  of  the  trij^ 
the  square  root  of  the  difference  is  the  jya  of  67°.  SO',  or  3177',  which  is  the  cotijra 
of  22®. 30',  whose  jya  =  1315.  This  bhoujajya  and  cotijya,  separately  subtracted 
from  the  radius,  leave  the  outcramajya  of  each,  that  is,  261  for  22^.30'  and  2123  for 
i( 70.30'.*  From  this  passage  it  results  clearly,  as  has  already  been  stated  in 
Part.  I.  Chap.  II.,  that  the  Indians  are  acquainted  with  the  fbrmula 

R«  =s  sin.*  A  +  COS.*  A, 

R 
sm.  30  =  — 

,     A       /I  -COS.  A\t 
Bin-Y^V 2 / 

sim  60®=  ^  .  R. 

The  Brahmins  suppose  the  Earth  to  be  spherical :  they  suppose  the  diameter 
divided  into  1600  equal  parts  called  yojanas.  To  get  the  circumference  they  used 
anciently  to  multiply  the  diameter  by  three.  However  the  rule  given  in  the  Surra 
Siddhanta  is  to  multiply  by  the  square  root  of  ten,  which  supposes  the  ratio 
1  :  3.1627.  The  Indian  Table  of  sines,  on  the  other  hand,  supposes  the  ratio 
to  be  1  :  3.14136. 

To  find  the  latitude  of  a  place  on  the  Earth^s  surface,  they  observe  the  ahadow 
of  a  vertical  gnomon  when  the  Sun  is  in  the  equator.  Knowing  the  length  of  the 
gnomon,  they  calculate  the  hypothenuse,  and,  taking  this  for  radius,  they  obtain  the 
sine  of  the  latitude  =  the  gnomon  itself.  Terrestrial  longitudes  are  found  by  the 
observation  of  lunar  eclipses.  To  determine  the  lunar  parallax,  they  observe  the 
moon's  rising,  which  they  compare  with  the  time  of  the  calculated  rising.  During 
the  difference  of  these  times  she  describes  a  space  equal  to  the  semidiameter  of  the 
earth.  This  difference  of  times  is  to  the  moon's  periodic  month  as  800  yojanas, 
or  the  earth's  semidiameter,  to  the  circumference  of  her  orbit  324000.  In  tms  oona- 
putation  the  difference  between  the  sine  and  the  arc  through  whidi  the  doob 
passes  is  neglected.  In  this  way  they  made  the  Moon's  mean  horizontal  parallax 
53'. 20".  European  astronomers  estimate  it  about  57'.  As  the  Hindoos  suppose 
that  all  planets  move  in  their  orbits  with  the  same  velocity,  the  orbit  of  the  mooa 
being  thus  known,  they  conclude  by  a  simple  proportion  thoae  of  the  other 
planets. 

li^  For  the  diameters  of  the  sun  and  moon,  it  is  directed  to  observe  the  time  between 
the  appearance  of  the  limb  upon  the  horizon,  and  the  instant  of  the  whole  disc 
l)eing  risen,  at  the  time  when  their  apparent  motion  is  at  a  mean  rate,  or  near  9QP 
of  anomaly :  then  by  proportion,  as  that  time  is  to  a  natural  day,  so  are  their  orbits 
to  their  diameters  respectively,  which  of  the  sun  is  6500  yojanas ;  of  the  moon 
480  yojanas.  These  dimensions  are  increased  or  diminished,  as  th^  approach  the 
lower  or  higher  apsis,  in  proportion  as  their  apparent  motion  exceeds  or  falls  short 
of  the  mean,  for  the  purpose  of  computing  the  diameter  of  the  earth's  shadow  at 
the  moon.  The  rest  of  the  calculation  of  the  eclipse,  though  long  and  tedious,  does 
not  differ  essentially  from  that  followed  by  Europeans.  An  example  of  it  has  been 
given  at  length  by  Mr.  Davis,  (Asiatic  Researches,  voL  il  p.  273,)  to  which  the 
reader  is  referred. 

Having  thus  endeavoured  togjve  an  outline  of  the  Indian  methods  of  calculation, 
we  shall  conclude  by  adding  their  Tables  of  the  Sun,  Moon,  and  Planets,  taken 
from  Mr.  Bentley's  Historical  View  of  the  Hindoo  Astronomy,  lliese  Tables 
require  no  explanation,  as  the  precepts  and  examples  subjoined  to  each  page 
elucidate  them  sufficiently. 
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EqDATXON   OF  TAt  OrBIT. 

EqUATIOlf  OP  TBB 

Orbit, 

Arg^imentF>-^un*s  mean  anomaly. 

Argument — 

Moon's  mean  anomaly. 
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MERCURY. 


Equatiok  of  the 

SuN'f 

1  LOMOITDDB. 

Tbs  Slongition. 

1 

Arg.  Sun's  mean  long. — ^Aphelion  of  Mer. 

Arg. 
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Chapter  I. 

Universal  Geogrcephy — Mathematical — 
Spherical  figure  of  the  Earth, 

Universal  Geography  is  the  science 
that  conveys  to  us  a  knowledge  of  the 
earth,  both  as  a  distinct  and  independent 
body  in  the  universe,  and  as  connected 
with  a  system  of  heavenly  bodies.  The 
figure,  structure  and  dimensions  of  the 
earth, — ^the  properties  and  mutual  rda- 
tions  of  its  parts — ^the  features  of  its 
surface— its  productions  and  inhabit- 
ants— ^and  the  laws  which  govern,  or 
partially  affect  it  as  a  heavenly  body — 
are  all  mcluded  within  the  comprehen- 
sive term  of  universal  geo^aphy.  This 
definition,  or  rather  description  of  the 
objects  of  geography,  serves  as  the  basis 
of  M.  Malte-Brun*s  elaborate  work;* 
but  it  manifestly  embraces  a  great  variety 
of  subjects,  commonly  classed  and 
treated  of  under  distinct  heads  of  natural 
philosophy.  To  avoid,  therefore,  the 
confusion  of  ideas  which  the  extensive- 
ness  of  this  definition  may  give  rise  to, 
it  will  be  convenient  to  reduce  its  terms 
within  the  limits  usually  assigned  to 
geography.  And  we  are  the  rather  in- 
duced to  do  this,  because  the  interests 
of  science  have  been  promoted  in  no 
sUght  degree,  by  a  judicious  and  well- 
defined  arrangement  of  its  parts,  which 
at  once  excludes  a  great  number  of  fan- 
ciful resemblances,  and  like  a  division 
of  labour  in  mechanical  employments, 
renders  every  branch  more  easy  to  be 
acauired,  and  more  likely  to  be  extended 
and  improved. 
In  its  proper  and  more  confined  sense, 

Seography  comprises  a  knowledge  of  the 
gure  and  dimensions  of  the  eirai,  and 
the  situation  of  places  upon  it — of  the 
natural  and  political  features  and  divi- 
sions of  its  surface— and  of  its  various 
productions  and  inhabitants.  These  par- 
ticulars may  be  arranged  under  three 
heads,  namely,  mathematical,  physical, 
and  general  geogrs^ihy. 

*  See  Malte-Brun'f  UnirtiBal  Geogrnph/. 


Mathematical  Geography  is  that 
branch  of  the  general  science  which  is 
derived  from  the  application  of  mathe- 
matical truths  to  the  figure  of  the  earth. 
Of  this  we  shall  treat  first,  because  the 
other  branches  of  geography  owe  to  it 
much  of  their  accuracy  and  perfection. 

The  figure  of  the  earth  is  manifestly 
the  first  subject  for  inquiry; — for  the 
principles  by  which  we  may  ascertain 
the  various  truths  that  lie  within  the 
scope  of  mathematical  geography,  are 
altogether  different,  on  the  different 
suppositions  of  the  earth  being  a  flat 
circular  plain,  a  cylinder,  or  a  sphere. 

A  great  variety  of  appearances,  both 
on  the  surface  of  the  earth  and  in  the 
heavens,  (which  will  be  descril>ed  pre- 
sentiy )  prove  conclusively,  that  the  earth 
is  a  spherical  or  round  body.  The  pos- 
session of  this  important  truth  enables 
the  geographer,  b^rthe  application  of  the 
known  mathematical  properties  of  the 
sphere,  to  solve  many  interesting  pro- 
blems, the  most  useful  of  which  is  to 
determine  the  relative  situation  of  places 
upon  the  earth*s  surface.  For  this  and 
some  other  practical  purposes,  the  earth 
is  taken  to  be  a  perfect  sphere ;  and 
although  this  supposition  be  not  sbrictly 
true,  it  is  sufficiently  near  the  truth  to 
be  adopted  without  sensible  error  in  the 
investigations  into  which  it  is  commonly 
introduced.  The  nature  and  quantity 
of  its  deviation  from  a  perfectly  sphe- 
rical shape  will  be  for  fiiture  inquiry. 

At  what  particular  period  of  me  world 
the  spherical  figure  of  the  earth  was 
first  discovered,  cannot  now  be  ascer- 
tained. It  is  natural  to  suppose,  that 
the  curiosity  of  mankind  womd  early  be 
directed  to  the  shape  of  the  earth  they 
lived  upon.  But  wnen  first  it  engaged 
their  attention,  it  fared  with  this  as  with 
all  other  parts  of  what  is  called  natural 
philosophy.  Men  were  led  to  entertain 
the  most  erroneous  notions  of  it,  by 
trusting  too  much  to  single  appearances. 
Deceived  by  the  plain-like  appearance 
of  the  earth,  and  disregarding  all  other 
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circumstances  indicative  of  its  figure, 
they  conceived  it  to  be  an  extensive 
plain  meeting  the  heavens  on  every  side. 
Such  was,  for  ages,  the  general  opinion. 
But  there  were  exceptions  to  the  pre- 
vailing ignorance,  which  are  honorable 
testimonies  to  the  value  of  a  more  en- 
larged and  extended  observation  of  na^ 
ture.  The  Egyptians  and  Chaldeans 
are  especially  entitled  to  this  praise. 
The  philosophers  of  these  nations 
were,  m  all  probability,  led  to  form  a 
correct  opinion  of  the  fi^^ure  of  the  eavth 
from  their  great  practical  familiarity 
with  the  appearances  of  the  heavenly 
bodies.  But  whatever  may  have  been 
the  source  from,  whence  their  know- 
ledge was  derived,  it  is  manifest  that 
they  were  not  ignorant  of  its  true  shape, 
as  it  must  have  formed  an  element  in 
the  calculations  by  which  they  were  en- 
abled to  predict  eclipses  of  the  moon. 
From  the  Egyptians  and  Chaldeans, 
who  were  the  fathers  as  well  of  geogra- 
phical as  of  astronomical  science,  the 
Greek  philosophers,  with  all  their  most 
correct  notions  in  natural  philosophy, 
derived  also  their  knowledge  of  the 
earth's  true  shape.  But  (as  Sir  haac 
Newton  remarks)  the  Greeks  were  of 
themselves  more  addicted  to  the  study 
of  philology  (or  language)  than  of  na- 
ture :  when  therefore  their  communica- 
tions with  Egypt  became  less  frequent, 
tiie  ancient  philosophy  gradually  de- 
clined among  them ;  and  no  longer  re- 
taining the  just  ideas  they  once  pos- 
sessed, they  put  forth  their  own  vision- 
ary speculations  concerning  the  figure 
of  the  earth.  Aristotle,  the  most  cele- 
brated of  the  Greek  philosophers,  did 
not  escape  the  error  of  those  who  allow 
the  suggestions  of  fancy  to  occupy  the 
place  of  a  severe  investigation  into  facts ; 
and  we  find  him  alleging  the  earth  to  be 
of  a  cylindrical  shape,  like  a  common 
drum.  The  remarkable  ingeniousness 
of  the  Greeks  was  ever  impatient  of  the 
^restraint  which  scientific  in(jmry  in 
order  to  a  successful  issue  imposes 
upon  the  mind;  and  it  is  to  be  la- 
mented that  by  reason  of  the  admiration 
in  which  their  writings  were  held,  their 
errors  should  for  so  long  have  retained 
possession  of  the  human  mind,  and  by 
keeping  down  the  spirit  of  inquiiy  re- 
tarded the  full  establishment  of  what  is 
properly  called  experimental  philosophy. 
During  the  greater  part  of  uiat  portion 
of  the  history  of  Europe,  called  the 
middle  or  dark  ages,  the  earth  was  con- 
ceived to  be  a  flat  surface  extending  on 


every  side  till  it  met  the  heavens.  The 
overthrow  of  this  popular  opinion  was 
rendered  the  more  difficult  \>y  the  Ro- 
man church  admitting  it  into  the  num- 
ber of  articles  of  faith:  the  tenet  thus 
became  guarded  with  the  sanction  of 
religious  Delief,  and  by  the  apprehen- 
sion of  incurring  the  serious  charge  of 
heretical  opinionSj.  It  is  however  re- 
markable, tnat  the'^appearance  of  objects 
at  sea,  which  are  wtiolly  inconsistent 
with  the  notion  of  the  earth  being  a  plain, 
and  which  lead  most  directly  to  the  con- 
clusion of  its  spherical  shape,  should 
not  have  redeemed  the  Venetians  and 
Genoese,  who  had  long  been  in  the  habit 
of  making  adventurous  sea  voyages, 
from  the  general  ignorance.  But  not- 
withstanding the  peculiar  advantages 
enjoyed  by  navigators,  it  is  evident  that 
the  best  of  those  of  the  age  of  Columbus 
were  not  better  informed  of  the  earth*s 
real  figure.  It  is  related  as  a  matter  of 
history,  that  the  Portuguese  who  had 
arrived  at  the  Moluccas  (situated  in  the 
Pacific  and  to  the  West  of  America), 
by  sailing  continuallv  in  an  eagierfy 
direction,  were  astonished  by  the  appear- 
ance of  Magellan's  party,  who  reached 
the  same  point  by  saihng  continually 
west.  We  may  not,  however,  involve 
Columbus  in  this  general  censure ;  to 
him  is  properly  due  the  gloiy  of  esta- 
blishing the  fact  that  the  earth  is  a 
sphere.  He  was  indeed  eminently  qua- 
lified to  give  a  new  direction  to  the  cur- 
rent of  opinion.  In  advance  of  the 
age  he  lived  in  by  the  extent  and  cor- 
rectness of  his  information,  and  being 
at  once  bold  in  enterprise,  enthusiastic 
in  pursuit,  and  fertile  in  expedients,  he 
possessed  aU  the  characterisUcs  of  one 
who  is  destined  to  overthrow  a  great 
and  prevailing  practical  error.  His  per- 
suasion that  the  earth  was  a  sphere, 
furnished  him  with  the  happy  idea  of 
arriving  at  the  East  Indies  by  a  shorter 
course  than  round  the  Cape  of  Ciood 
Hope,  by  sailing  due  West.  He  fiedled 
in  his  undertaking,  having  been  misled 
by  the  error  of  the  ancient  ^neographera. 
Ptolemy's  map  was  then  in  use,  and 
the  East  Indies  are  there  laid  down 
considerably  to  the  west  of  their  true 

Eosition.  The  western  coast  of  India  is 
y  Ptolemy  placed  in  longitude  165** 
east  from  the  isle  of  Fenro,  (one  of  the 
Canaries  through  which  the  first  meri- 
dian passed,)  whereas  the  true  longitude 
is  about  96°,  thus  making  a  difierenoe 
of  no  less  than  67°.  The  reasoning  of 
Columbus  WM  therefore  right;  and  al- 
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though  he  was  disappointed  of  the  im- 
mediate object  of  his  voyage,  he  became 
the  discoverer  of  a  new  world,  and 
eventually  established  his  own  opinion 
of  the  earth's  spherical  shape.  Ma- 
gellan was  the  first  navigator  who 
practically  demonstrated  tne  round- 
ness of  the  earth ;  following  up  the 
opinions  which  Columbus  among  the 
modems  had  the  merit  of  originating, 
he  sailed  upon  the  project  of  reaching 
the  Moluccas  by  a  westerly  passage ; 
but  being  killed  in  the  Philippine  Islands 
by  the  natives,  he  did  not  complete  the 
entire  voyage  round  the  world.  Our 
own  countryman,  Sir  Francis  Drake, 
was  the  first  person  who  in  one  voyage 
circumnavigated  the  globe ;  he  accom- 
plished the  voyage  (undertaken  how- 
ever solely  for  purposes  of  plunder,  and 
marked  by  rapme  and  bloodshed)  in  the 

S>ace  of  three  years ;  and  returned  tb 
ngland  in  1*5 CO.  After  these  voyages, 
the  spherical  figure  of  the  earth  was 
generally  admitted  bv  the  philosophers 
of  Europe.  A  spirit  of  investigation  soon 
after  arose,  and  furnished  an  abun- 
dance of  satisfactory  proofs,  which, 
thouffh  of  dailv  or  fi^equent  occurrence, 
had  hitherto  been  unobserved  or  un- 
heeded. These  proofs  consist  in  certain 
remarkable  appearances,  either  of  ob« 
jects  upon  me  surface  of  the  earth 
itself^  or  of  the  heavenly  bodies.  Tliey 
are  of  the  following  description : — 

If  a  person  were  situated  upon  an 
open  and  extensive  plain,  he  would  find, 
that  as  he  departed  f^om  objects,  the 
view  of  which  was  not  hindered  by  any 
wievenness  in  the  plain,  they  would 
gradually  disappear  from  their  ba^e 
upwards;  in  hke  manner,  the  hull  of 
a  ship  proceeding  out  to  sea  becomes  in- 
Tisible  /irst,  and  afterwards  the  masts 
and  rigging.  The  order  in  which  the 
parts  of  these  objects  successively  dis- 
appear, cannot  be  explained  by  the  mere 
supposition  that  the  distance  between 
the  object  and  the  spectator  gradually 
increasing,  tlie  object  becomes  first  in- 
distinct, and  at  last  invisible ;  because 
with  respect  to  bodies  whose  bulk  is 
the  same  from  the  top  to  the  bottom, 
this  reason  is  applicable  to  all  the 
parts  alike,  and  would  not  account  for 
the  hi^est  part  of  them  being  always 
the  last  visible;  and  with  respect  to 
bodies,  the  bottom  part  of  which  is  the 
largest  (as  in  the  case  of  a  ship),  it 
would  not  only  be  insuficient  to  explain 
the  foct,  but  would  be  directly  contrary 


to  experience,  by  which  we  are  taught  ^ 
that  where  distance  alone  is  the  cause 
of  a  body  becoming  first  indistinct  and 
then  invisible,  the  larger  and  more 
bulky  parts  of  it  are  seen  the  longest. 
The  only  supposition  which  can  account 
for  the  order  in  which  the  parts  of  an 
object  disappear  is,  that  the  surface  of 
the  earth  i^  continually  and  gradually 
bending  or  curving  downwards — in  other 
w^ords,  that  it  is  a  convex  surface ;  and 
the  circumstance  that  these  appearances 
are  the  same  both  in  kind  and  degree 
all  over  the  eaith,  and  in  whatever  di- 
rection the  spectator  moves  from  the 
object,  or  the  object  from  the  spectator, 
proves  that  this  convex  surface  is  every 
where  and  in  all  directions  precisdy  or 
very  nearly  the  same,  and,  consequently, 
that  the  earth  is  a  sphere. 

The  voyages  of  Magellan  and  Drake, 
of  Anson,  Cook,  and  Vancouver,  all  tend 
to  establish  the  same  fact ;  for  by  holding 
a  course  due  west  or  due  east,  these  na- 
vigators have  at  last  arrived  at  the  point 
of  their  departure — thus  they  have  sailed 
upon  a  line  which  in  one  revolution  re* 
turns  into  itself,  ending  whei'e  it  began ; 
and,  therefore,  the  suiface  on  which  it 
was  described  must  be  a  sphere,  or  re« 
sembling  a  sphere:  this  was  flirther 
confirmed  by  the  voyages  of  Captain 
Cook  towaras  the  South  pole,  from 
which  it  appeared  that  the  course  round 
the  earth  gradually  diminished  as  it  ap- 
proach^ the  pole. 

The  proofs  derived  from  the  appear' 
ances  of  heavenly  bodies  are  even  more 
conclusive  than  the  foregoing.  By  tra- 
velling on  the  earth's  surface  from  the 
north  towards  the  south,  a  certain  star 
in  the  heavens,  called  the  pole  star 
(which  is  itself  almost  stationary,)  is 
observed  to  change  its  place  in  the  hea- 
vens relatively  to  the  spectator's  horizon, 
and  graduaUy  to  descend;  by  a  move- 
ment of  the  spectator  in  the  opposite 
direction  (from  south  to  north),  the 
height  of  the  same  star  above  the  ho- 
rizon is  observed  gradually  to  increase  ; 
and  in  both  cases  this  apparent  change 
of  place  in  the  star  is  in  proi>ortion  to 
the  distance  travelled  over.  This  change 
being  also  observed  from  whatever  place 
the  movement  is  made  (supposing  it  to 
be  in  a  direction  perpendicular  to  the 
equator  or  on  a  merioian  line),  cannot 
be  otherwise  accounted  for  than  by  the 
supposition  that  the  earth  is  a  sphere ; 
and  that  the  arc  or  circular  space  in  the 
heavens  tlurough  which  the  star  appears 
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to  have  moved,  corresponds  with  a  similar 
arc  traced  upon  the  surface  of  the  earth. 

Another  most  convincing  proof  is 
furnished  by  the  eclipses  of  the  moon. 
These  eclipses  are  known  to  be  caused 
by  the  earth  coming  between  the  sun  and 
moon,  and  intercepting  or  cutting  off 
the  supply  of  light  from  the  sun  which 
Uluminaies  the  moon's  surface  or  disk ; 
the  dark  part  of  the  moon's  disk  is,  there- 
fore, nothing  more  than  a  representation 
of  the  earth's  shadow  at  the  distance  of 
the  moon.  In  whatever  position  the 
earth  happens  to  be  at  the  time  of  an 
eclipse,  its  shadow  upon  the  moon*s 
disk  is  always  in  the  form  of  a  circle  or 
of  part  of  a  circle :  the  earth  must 
therefore  be  a  sphere,  since  no  other 
than  a  spherical  body,  in  every  position 
in  which  it  can  placed  with  respect  to 
another  body  giving  light,  can  cast  a  cir- 
cular shadow  upon  a  third  body.  If, 
however,  the  earth  were  [shaped  like  a 
circular  flat  plain,  its  shadow  upon  the 
moon's  disk  would  be  circular  only  when 
either  of  its  sides  directly  faced  the 
moon :  if  turned  edgeways  towards-  the 
moon,  the  shadow  would  be  in  the  form 
of  a  streak,  and  in  all  other  positions  it 
would  be  more  or  less  elliptical,  as  the 
earth  happened  to  be  turned  more  or 
less  obliquely  towards  the  moon  when 
■he  is  eclipsed. 

The  supposition  that  the  earth  is  a 
sphere,  accounts  for  all  the  appearances 
we  have  described ;  while,  on  the  other 
hand,  the  vai-ious  suppositions  which 
have  from  time  to  time  been  advanced, 
and  which  differ  from  tliis,  are  totally 
inconsistent  with  one  or  other  of  them. 
Sir  Isaac  Newton,  in  his  "  Principles 
of  Natural  Philosophy,"  has  laid  it 
down  as  a  rule  (and  it  is  a  rule  as 
indisputably  just  as  it  is  important), 
that  "  in  experimental  philosophy  we  are 
to  look  upon  propositions  collected  by 
general  induction  from  phenomena,  as 
accurately  or  very  nearlv  true,  notwith- 
standing any  contrary  hypothesis  may 
be  imagined,  till  such  time  as  other 
phenomena  occur  by  which  they  may 
either  be  made  more  accurate  or  liable 
to  exceptions ;"  he  adds,  "  this  rule  we 
must  follow,  that  the  argument  of  in- 
duction may  not  be  evaded  by  hypothe- 
ses." Applying  this  rule  to  the  pre- 
sent subj«5t,  we  may  observe  that  the 
objections  urged  against  tlie  conclusion 
that  the  earth  is  spherical,  however 
plausible,  are  entitled  to  no  weight 
whatever,  unless  they  are  grounded 
upon  Fome  certain  &cts  and  natural 


appearanoes  arising  from  the  figure  of 
the  earth,  either  inconsistent  with  the 
present-received  theory,  or  which  that 
theory  is  insufficient  to  account  for. 

It  is  hardly  necessary  to  remark,  that 
the  expressions  occasionally  to  be  met 
with  in  the  B  ible  with  r^;ard  to  the  figure 
of  the  earth,  and  which  may  appear 
to  contradict  the  foregoing  condusion, 
have  been  improperly  and  veryignorautly 
applied  to  this  subject.  The  object  of 
the  inspired  writers  who  used  them,  was 
not  to  advance  a  true  system  of  natural 
philosophy,  or  to  correct  the  popular 
errors  of  the  day  in  matters  of  mere 
science,  but  to  illustrate  or  enforce 
some  precept  or  doctrine,  or  to  record 
the  occurrence  of  some  remarkable 
event,  which  could  not  be  done  intelli- 
gibly, but  by  adopting  expressions  in 
agreement  with  the  opinions  of  the  age. 

The  re-establishment  of  the  old  uid 
long  neglected  opinion  of  the  earth's 
spherical  shape,  may  Justly  be  regarded 
as  furnishing  an  epocn  in  tlie  history  of 
modem  Europe.  When  admitted  mto 
the  number  of  those  truths  which  are 
assumed  and  acted  upon  without  proof, 
it  had  an  immediate  and  practical  effect 
upon  the  common  concerns  of  life.  To 
traverse  boundless  seas  was  no  longer 
matter  for  apprehension:  the  seaman 
was  now  provided  with  a  method  of 
discovering  his  relative  position  upon. 
the  globe,  the  course  he  had  already  de- 
scribed, and  the  distance  and  bearing  of 
his  destined  port.  Navigation  thenoe 
assumed  a  bolder  and  more  systematic 
character ;  an  extensive  commerce  added 
to  the  wealth,  and  stimulated  the  efforts 
of  European  nations^  and  the  more 
general  and  frequent  mtercourse  inse- 
parable from  commerce  softened  the 
prejudices  of  men,  and  opened  to  them 
m  distant  climates  and  countries  the 
richest  and  most  varied  stores  of  know- 
ledge. We  should  not  perhaps  be 
justified  in  placing  this  discovery  m  the 
same  rank  with  the  other  great  events 
which  happened  about  this  aera:  the 
invention  and  general  introduction  of 
tlie  art  of  printing — the  reformation — 
and  the  establishment  of  experimental 
philosophy,  must  stand  alone;  but  it 
forms  together  with  them  a  class  of  great 
and  brilliant  events,  which  exhibit  the 
human  mind  as  once  more  in  a  state 
of  activity,  and  putting  forth  all  its 
energies  in  the  attainment  of  whatever 
might  most  conduce  to  the  social  and 
moral  improvement  of  mankind* 
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Chaptbe  II. 

The  Circles  of  the  Sphere — Extent  of 
the  Visible  Horizon  —  Method  of 
Drawing  a  Meridian  Line — Circles 
of  Posttion^^quator— Latitude — 
First  Metidian— Longitude. 

The  modes  of  precisely  fixing  the  situa- 
tion of  places  upon  the  earth  are  founded 
upon  the  circumstance  just  now  proved 
of  its  spherical  form,  and  upon  the  sup- 
position which,  for  the  purposes  to  which 
it  is  applied,  is  not  a  false  one,  that  it  is 
enclosed  in  a  concave  or  hollow  sphere 
of  the  heavens,  of  which  it  occupies  the 
middle  spot  or  centre. 

Upon  the  surface  of  the  earth  con- 
sidered as  a  globe, .  various  lines  are 
supposed  to  be  drawn  for  the  purposes 
of  geographers,  and  in  order  to  deter- 
mine or  explain  the  truths  of  their 
science ;  and  as  the  heavens  present 
to  us  a  concave  sphere,  having  the 
same  centre  as  the  earth,  there  are 
also  imaginary  lines  supposed  to  be 
traced  upon  the  inner  surface  of  tiie 
heavens,  which  exactly  correspond  with 
those  traced  upon  the  earth.  By  this 
device  geography  has  become  allied  with 
astronomy,  and  has  thence  derived  its 
most  important  improvements.  We  now 
proceed  to  the  description  of  the  above- 
mentioned  lines  which  are  supposed  to 
divide  the  earth,  and  which  are  seen 
drawn  upon  the  common  geographical 
globe. 

The  earth  has  a  daily  motion  from 
west  to  east,  about  one  of  its  diameters 
(called  the  earth*s  axis),  which  causes 
all  the  heavenly  bodies  to  appear  to  move 
daily  round  the  earth  in  an  opposite 
direction  from  east  to  west.  The  two 
extremities  of  this  axis  are  called  the 
poles  of  the  earth,  from  a  Greek  word 
signif^ng  a  pivot;  one  is  called  the 
North  pole,  being  that  which  is  oppo- 
site or  nearly  opposite  to  the  star  in 
the  heavens  called  the  pole  star;  the 
other  extremity  of  the  axis  is  called  the 
8ou^  pole;  the  north  pole  is  also 
known  by  the  name  of  the  arctic  pole, 
from  a  ureek  word  signifying  a  hear, 
the  '  great  bear  *  being  the  name  of  a  con- 
stellation or  collection  of  stars  in  the 
immediate  neighboiu'hood  of  the  pole 
star,  and  commonly  known  as  Charles's 
wain : — the  South  pole  has  the  corre- 
n>onding  term  of  the  antarctic  pole,  or 
the  pole  opposite  to  the  arctic. 

Let  PKp  Q  P  C/lg-  U  be  a  sphere 
representing^ the  globe  of  the  earth,  O 
the  centre,  F  0/>  the  axis,  P  the  north 


and  p  the  south  pole;  now  suppose  a 
plane  to  cut  this  sphere  into  two  equal 

Fig.  I. 


parts  in  a  direction  perpendicular  to  the 
axis,  this  plane  will  pass  through  th« 
centre  O,  and  the  cu-cle  Qab  Qod^ 
which  is  the  boundary  of  the  cutting 
plane  upon  the  sur&ce  of  the  globe^ 
will  represent  the  equator,  and  is  eveiy 
where  at  an  equal  distance  from  both 
poles.    This  circle  and  all  other  circles, 
the  planes  of  which  pass  throiish  the 
centre  of  the  sphere,  are  callea  great 
circles.    All  circles  such  as  P  a  /?  <?  P 
VbpdV,  which  pass  through  both  poles 
P,p,  of  the  earth,  and  wluch  have  the 
axis  of  the  earth  Pop  for  a  common 
diameter,  are  called  meridians,  because 
when  the  centre  of  the  sun  is  over  or 
upon  that  one  of  these  circles  which 
passes  through  any  place,  it  is  mid-day 
or  noon  at  that  place.    The  plane  of 
every  meridian  cuts  the  plane  of  the 
equator  at  right  angles,  so  that  tlie 
equator  divides  every  meridian  (as  for 
instance  VapcV)  into  four  equal  pails ; 
thus  P  a  and  ap,  andpc  and  cP  are  equal 
to  one  another,  and  are  called  ^uadrante 
or  quarters  of  a  circle.    Meridians  arc 
also  called  circles  of  latitude,  because 
upon  them  the  latitudes  of  places  arc 
measured.    The  Ecliptic  found  traced 
upon  common  globes  (although  it  is 
properly  an  imac:inary  circle  in  the  con- 
cave spnere  of  the  heavens  representing 
the  apparent  path  of  the  sun-  in  the 
course  of  a  year)  is  a  great  circle  upon 
the  globe  of  the  earth,  Sie  plane  of  which 
is  inclined  at  a  certain  angle  to  the 
plane  of  the  equator,  and  is  represented 
in  the  figure  by  the  circle  £(y>L=Q:. 
All  circles  upon  the  sphere  which  do 
not  pass  through  its  centre  are  called 
smaA  circles;  those  which  are  parallel 
to  the   equ  tor,  as  mm 9,  are  called 
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circles  of  lon^tude  or  parallels  of  lati- 
tude;   and  as  all  meridians    cut    the 
ecjuator  at  right  angles,  they  also  cut  all 
circles  oflongitude  at  right  angles,  whioh 
is  evident  from  these  latter  circles  being 
parallel  to  the  equator.    Every  circte 
traced  upon  the  earth  is  supposed  to 
have  a  corresponding  circle  traced  upon 
the  concave  or  hollow  spherical  surrace 
of  the  heavens.    All  circles,  whether 
great  or  small,  are  divided  into  360  equal 
parts  called  degrees;   every  degree  is 
again  divided  into  60  equal  ^arts  called 
minutes,  and  every  minute  into  60  ae- 
conds :  these  various  parts  are  distin- 
^shed  by  certain  signs,  thus  15  degrees 
is  written  15°,  32  minutes  is  written  32', 
and  5  seconds  5";  so  that  15°  32'  5",  sig- 
nifies 15  degrees  together  with  32  mi- 
nutes and  5  seconds.    The  magnitude 
of  degrees  is  of  course  different  in  mat 
and  small  circles ;  the  amount  and  va- 
riation of  this  difference  in  the  circles  of 
theglobe,  will  be  explained  afterwards. 
The  zenith  of    any   place   on    tlie 
earth  is  that  point  in  the  concave  sur- 
face of  the  heavens  which  is  immedi- 
ately opposite  to  the  extremity  of  a  line 
drawn  from  that  place  to  the  centre  of 
the  earth,  or  in  the  direction  of  a  plumb 
line;   it   is  the  point  in  the   heavens 
directly  over  our  heads.     The    nadir 
is  the  corresponding  point  in  the  op- 
posite   hemisphere    of    the     heavens. 
Of  all  the  meridian  circles,  that  which 
passes    through  tlie  zenith  of  a  place 
m  the  heavens,  or  through  the  place 
itself  upon  the  earth,  is  the  mendian 
of  that  place.    The  horizon  of  a  place 
is  the  boundaiy  of  view  at  that  place : 
with  respect  to  the  earth  it  is  called 
the  visible,  sensible,  or  apparent  ho- 
rizon ;   with  respect  to  the  heavens  it 
is  called  the  rational,  true,  or  astro- 
nomical horizon.    The  visible  horizon 
is  most  accurately  observed  upon  the 
sea  where  it  is  distinct  and  unbroken, 
and    is,    therefore,     sometimes    called 
the  horizon  of  the  sea.     The  extent 
of  the  visible    horizon  may  easily  be 
found  if  the  height  of  the  spectator's 
eye  above    the   surface    of  the  earth 
be  known,  and  also  the  length  of  the 
earth's  radius  or  semi-diameter.    For  if 
(fig,  2.J  B  E  D  F  be  a  great  circle,  C  tlie 
centre   of  the  earth,  A  E  the  height 
of  the  eye,  E  C  the  semi-diameter  of  the 
earth,  and  A  B  be  drawn  from  A,  just 
touchini^  tlie  earth's  surface  at  B,  E  B 
will  be  the  extent  in  one  direction  of  the 
visible  horizen.     If  B  and  C  be  joined, 
B  U  wiU  be  perpendicular  to  A  B.    The 


lengthof  AE  andEC  or  AC  and  also 
ofB  C,whichis  the  semi-diameter,  being 
known,  the  angle  A  C  B  may  be  found  by 
a  very  simple  mathematical  process ;  and 
this  angle  bein^  measured  by  the  arc  £  B, 
the  required  distance  is  found.  AB,the 
direct  distance  of  the  horizon  atB  from 
the  spectator's  eye  at  A,  may  also  be  found 
in  a  somewhat  similar  manner : — ^if  A  E 
be  equal  to  5  feet,  and  £  C,  the  semi-dia- 
meter of  the  earth,  be  taken  at  29,949,655 
feet,  the  angle  at  C,  or  the  arc  B  E, 
will  be  found  to  be  equal  to  2'  or  12,188 
ffeet,  which  is  nearly  equal  to  2  miles 
and  532  yards ;  D  B  is  of  course  equal  to 
twice  B  £ ,  as  the  spectator  sees  as  rar  one 
way  as  another,  therefore  DB  is  equal  to 
4  miles  1 064  yards.    Tins,  however,  is 
not  quite  true  in  practice,  as  by  the  re- 
fraxiting  power  of  air  and  vapour,  the 
apparent  horizon  is  a  little  more  exten- 
sive.   The  rational  horizon  is  in  every 
part  of  it  90°,  or  a  quadrant  distant  from 
the  zenith.  When  a  heavenly  body  first 
appears  above  the  horizon  of  a  place,  it 
is  said  to  rise,  and  to  set  when  it  dis- 
appears or  sinks   bdow  the  horizon. 
When  a  heavenly  body  is  upon  the  me- 
ridian of  any.  place,  it  has  obtained  its 
greatest  height  or  altitude  above  tho 
plane  of  tlie  horizon  of  that  place. 

The  north  point  of  the  horizon  is 
that  which  is  nearest  to  the  north 
pole  of  the  heavens  or  the  pole  star, 
the  point  180°  distant  from  it  is  the 
south.  The  meridian  line  of  a  place 
passes  through  the   north  and  south 

goints.  The  east  point  is  90°  distant 
•om  the  north  or  south  in  that  portion 
of  the  heavens  where  the  sun,  stars,  &c. 
apijear  to  rise;  the  west  is  180°  distant 
from  the  east  point.  Thus  all  the  car- 
dinal or  principal  points  of  the  compass 
are  determined. 

By  means  of  the  observed  altitudes  of 
heavenly  bodies,  when  at  tlieir  high^t 
or  on  the  meridian  of  a  plaoe^  maiiy 
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{geographical  proUenu  are  solved;  it 
IS,  therefore,  of  ^;reat  importance  to 
ascertain  the  direction  of  the  meridian 
line  at  the  ^laoe  of  the  observer.  The 
operation  in  its  more  scientific  and 
correct  shape  is  one  of  very  considerable 
nicety ;  but  the  following  method  will 
determine  it,  if  much  accuracy  be  not 
required.  On  the  15th  of  June,  or  the 
24  th  of  December,  plant  a  stick  A  B  in 
a  position  perpendicular  to  the  horizon 
(fig.  3  J  at  an  hour  or  two  before  the 

Fig.  3. 


sun  has  arrived  at  its  greatest  altitude 
in  the  heavens,  that  is,  at  ten  or  eleven 
o'clock  in  the  morning;   mark  accu- 
rately the  extremity  C  of  the  shadow 
B  C  cast  bv  the  stick ;  then  from  the 
base  B  of  tne  stick  as  a  centre,  and  with 
the  length  of  the  shadow  B  C  as  a  ra- 
dius, trace  a  circle  G  H  upon  the  ground ; 
as  the  sun  gradually  arrives  at  its  great- 
est altitude,  the  shadow  of  the  stick  will 
become  gradually  shorter,  and  will  fall 
within  the  circumference  of  the  circle 
which  has  been  traced.    The  shadow 
will  be  at  its  shortest  B  E,  when  the  sun 
is  at  its  greatest  altitude,  or  when  it  is 
on  the  meridian  of  the  place  which  is 
the  moment  of  noon  ;  after  this  the  sun 
will  ^adually  decline,  the  shadow  of 
the  stick  will  become  longer  and  longer, 
until  at  last  it  again  reaches  to  the  cir- 
cumference of  the  circle  in  the  point  D, 
at  which  time  in  the  afternoon  the  sun 
is  at  the  same  height  in  the  heavens  as 
it  was  when  the  shadow  of  the  stick  was 
of  the  same  length  B  C  before  noon. 
Now  it  so  happens,  that,  on  the  above- 
mentioned  days,  the  altitude  of  the  sun 
above  the  horizon,  at  one  hour  or  two 
hours  before  noon,  is  equal  to  its  alti- 
tude at  the  same  time  after  noon  ;  and 
as  the  sun  has  in  these  equal  times 
before  and  after  noonv  described  equal 


spaces  in  'the  heavens  (supposing  those 
spaces  to  be  measured  from  the  meri- 
dian), the  middle  point  of  the  whole 
space  described  by  the  sun  in  the 
sum  of  those  times  will  be  that  point 
in  the  heavens  which  the  sun  occupies 
when  it  is  noon ;  at  this  time  the  sun  is 
on  the  meridian.  Hence,  if  the  arc  C  D 
of  the  traced  circle  bo  divided  into  two 
equal  parts  C  F  an'd  FD,  and  the  point 
F  of  division  and  the  base  of  the  stick 
be  joined,  the  line  B  F,  joining  these  two 
points,  and  which  will  be  the  direction 
of  the  shadow  of  the  stick  at  noon,  will 
be  the  meridian  line.  The  longest  and 
most  accurate  meridian  line  in  the 
world,  is  that  drawn  by  Cassini  (a  cele- 
brated astronomer  and  mathematician) 
upon  the  pavement  of  the  church  of  St. 
Petronis,  at  Bologna,  in  Italy :  it  is  120 
feet  in  length. 

One  of  me  principal  objects  in  mathe- 
matical geography  is  to  ascertain  the 
position  of  any  particular  spot  upjon  the 
earth's  surface.  This  term  position  is 
strictiy  a  relative  one — applied  to  a 
body,  it  has  no  meaning  unless  there  be 
some  other  body  or  mark,  which  is 
fixed,  and  to  which  the  first  body  may 
be  referred.  It  in  the  midst  of  infinite 
space,  there  existed  but  a  single  body, 
it  could  hardly  be  said  to  have  posi- 
tion, or  at  any  rate  the  meaning  of  the 
term  as  applied  to  such  a  body  would 
pass  our  comprehension.  This  may  be 
illustrated  by  what  is  said  in  some  books 
on  mechanics,  that  motion  could  not 
exist  if  there  were  but  a  single  body  in 
the  universe ;  by  which  is  meant  mat 
in  such  a  condition  of  things  motion 
could  be  neither  measured  nor  per- 
ceived: it  is  not  intended  by  such 
expressions  to  assert  that  motion 
cannot  exist  independentiy  of  other 
bodies,  because  the  existence  of  a 
foreign  body  cannot  really  affect  the 
state  or  condition  of  motion  in  any 
moving  body;  it  only  enables  us  to 
ascertain  the  fact  of  motion,  and  its 
measure.  In  the  idea  of  position, 
therefore,  is  contained  a  reference  to 
something  which  is  fixed  and  which  is 
independent  of  the  body,  the  position  of 
which  is  required.  The  distance  of  any 
body  from  mis  something  which  is  fixed 
being  known,  and  also  the  direction 
given  in  which  that  distance  is  to  be 
measured,  its  position  may  be  deter- 
In  order  to  ascertain  the  situation  of 
any  spot  iipon  the  surfiace  of  the  globe, 
it  18  sufficient  to  ^  upon  two  great 


8 


MATHEMATICAL  GEOGRAPHY. 


circles,  the  planes  of  which  are  perpen- 
dicular to  each  other,  and  from  each  of 
which  the  nearest  distance  of  the  spot 
is  to  be  measured ;  these  two  great  cir- 
cles are  called  circles  of  position.  Thus 
if  (see  ^.  4)  the  position  of  the  point 
A  upon  the  surface  of  the  sphere  or 

Fig.  4. 
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globe  P  (E  j:;  P  be  required — ^it  maj 
ne  determined  if  we  have  given  in  posi- 
tion the  great  circle  CE  B  6  Q,  and  the 
great  circle  P  a  6/?,  the  planes  of  which 
are  perpendicular  to  each  other.  For 
we  need  only  make  a  great  circle  P  A  B p 
perpendicular  to  the  circle  (E  B  6  Q 
pass  through  A,  and  then  a  small  circle 
pass  through  A  parallel  to  CE  B  6  Q, 
and  the  distances  of  their  intersection 
from  the  given  great  circles,  viz.  the  arc 
A  B  being  the  distance  from  OS  B  6  Q, 
and  the  arc  A  a,  or  the  corresponding 
arc  B  6,  being  the  distance  from  jP  a  6  p, 
will  determine  the  exact  position  of  the 
point  A. — In  applying  this  to  the  prac- 
tical purposes  ancf  wants  of  geography, 
it  is  evident  that  the  first  object  is  to  in 
the  position  of  the  two  great  circles 
(E  B  6  Q  and  V  abp^  and  then  to  de- 
vise some  mode  for  ascertaining  the 
distances  A  B,  A  a  from  each  of  them. 

The  astronomers  and  geographers  of 
all  countries  have  concuired  in  fixing 
upon  the  equator  or  equinoctial  line  (as 
it  is  sometimes  called)  for  the  position 
of  the  circle  (E  B  6  Q.  The  equator  has 
been  already  defined  as  a  great  circle 
dividing  the  globe  into  two  equal  parts 
or  hemispheres,  and  the  plane  of  it  as 
perpendicular  to  the  axis  of  the  earth. 
The  distance  A  B  measured  upon  the 
meridian  of  A,  which  is  a  great  circle 
perpendicular  to  the  equator,  is  called 
the  latitude  of  A.  The  latitude  of  a 
place  is  north  or  south  latitude,  as  it 
IS  situated  towards  the  north  or  south 
of  the  equator.  It  is  very  evident  that 
astronomers  were  led  to  fix  upon  the 
equator  for  one  of  the  great  circles  of 
position,  by  the  cireums^ce  of  the  ap« 


parent  daily  motion  of  heavenly  bodies, 
being  performed  either  in  a  circle  in  tlie 
heavens  corresponding  with  the  equator 
itself,  or  in  circles  which  are  parallel  to 
it  But  as  there  was  nothing  in  the 
apparent  courses  of  heavenly  bodies,  or 
in  any  particular  spot  upon  the  earth  te 
regulate  the  choice  of  astronomers  in  iix- 
inguponafirst  meridian  or  the  other  great 
circle  of  position  perpendicular  to  the 
equator,  and  which  is  represented  in  the 
preceding  figure  by  the  circle  P  a  6  p« 
the  consequence  has  been,  that  astrono- 
mers and  geographers  of  different  ages 
and  countnes  have  assumed  different 
circles  for  their  first  meridian,  from 
which  they  have  measured  tlie  arc  A  a 
orBb. 

The  ancient  geographers  took  for 
their  first  meridian  the  meridian  of 
the  Fortunate  Isles,  a  line  passing,  as 
they  conceived,  through  the  western 
extremity  of  the  habitable  earth.  Many 
of  the  modems  have  employed  the  same 
meridian,  or  rather  that  of  the  island  of 
Ferro,  one  of  the  most  westerly  of  the 
Canaries.  In  eeneral,  however,  nations 
adopt  as  their  first  meridian  the  meri- 
dian of  their  own  metropolis,  or  of 
their  principal  observatory,  as  the 
English  do  that  either  of  London 
or  Greenwich,  the  French  that  of 
Paris.  The  angular  distance  on  the  arc 
A  a  or  B  6  of  any  place  from  the  first 
meridian  is  called  its  lon^fudet  and  is 
either  east  or  west  longitude  as  the 
place  is  to  the  east  or  west  of  the  frrst 
meridian.  The  English  map-makers 
frequently  adopt  the  meridian  of  London 
instead  of  that  of  Greenwich  for  the 
first  meridian,  but  as  London  (taking 
St.  Paul's  as  the  point  referred  to)  is 
5'  47"  west  of  Greenwich,  lon^tudes 

fiven  from  London  may  be  easily  re- 
uced  to  longitudes  reckoned  from 
Greenwich,  by  adding  to  them  5'  47"  if 
they  are  west  longitudes,  and  subtract- 
ing the  same  quantity  if  they  are  east 
longitudes. 

Chapter  III. 

General  Description  of  the  Method  of 
finding  the  Latitude  of  a  Place, 

Having  fixed  upon  the  two  circles  of 
position  by  a  reference  to  which  the  po- 
sition of  a  place  is  to  be  determined,  it 
will  now  be  iKcessary  to  explain  how 
distances  from  each  of  these  circles 
(being  the  latitudes  and  longitudes  of 
places)  may  be  ascertained.  This  de- 
pends entimy  upon  the  supposition  tb«t 
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th3  earth  is  a  spherical  body  situated  in 
the  middle  or  centre  of  the  concave  or 
hollow  sphere  of  the  heavens,  and  that 
every  circle  traced  upon  the  globe  of  the 
earth  has  a  corresponding  circle  in  the 
heavens. 

We  shall  begin  with  ihe  latitude  of 
places. 

Let  A  be  any  place  upon  the  earth's 
surface,  and  suppose  in  the  annexed 
figure  (/y.  5)  that  Ap rqkeisihe  me- 


ridian of  A  passing  through  p,  the  pole 
of  the  earth,  and  at  right  angles  to  the 
equator  (e  q\  the  plane  of  the  paper  is 
the  plane  of  the  meridian,  O  the  centre 
of  the  earth,  p  O  its  semi-diameter,  to 
which  Ce  aj,  the  e(}uator,  is  at  right 
angles,  H  R  the  rational  horizon  of  A. 
Then  A  e,  the  arc  or  angular  distance 
of  A  from  the  equator  measured  upon 
the  meridian  of  A,  is  the  latitude  of  A. 
Buiep,  or  the  distance  of  the  pole  from 
the  equator,  is  90*^,  or  a  quaorant,  and 
A  r  the  distance  of  A  from  the  point  r, 
where  the  rational  horizon  meets  the 
siu-face  of  the  earth,  is  also  90°,  or  a 

auadrant.  Hence  e  pis  equal  to  A  r  ;  if 
lerefore  A  p,  which  is  common  to  both 
tfpandAr,ne  taken  away  from  each, 
the  remaining  quantities  A  e  and  p  r 
will  be  equal ;  and  as  A  6  is  the  lati- 
tude of  A,  it  follows  that  (p  r)  or  the 
height  of  the  pole  above  tfie  horizon  t> 
equal  to  t/ie  latitude  of  the  plaice. 

Again,  Ad  is  the  distance  of  the  pole 
from  A :  ana  as  A  ^  is  the  latitude  of  A, 
and  p  0  is  90°,  Ap  is  the  difference  be- 
tween 90°  and  the  latitude,  so  that  if  A  p 
be  known,  A  «,  or  the  latitude,  is  found, 
by  subtracting  Ap  from  90°.  Ap  is 
called  the  complement  of  the  latitude,  or 
the  cO'latitude, 

Again,  A  A  is  90°,  and,  therefore, 
A  e  being  the  latitude,  A  e  is  the  co- 


latitude, — h  e,  being  the  height  <^  the 
equator  above  the  horizon ;  so  that  if 
he  be  known,  the  latitude  is  found  by 
subtracting  h  e  from  90°. 

It  appears,  then,  that  if  we  can 
find  any  one  of  the  above  four  arcs, 
viz.,  Ae,  or,  Ap,  he,  the  latitude  of 
A  will  be  known :  and  the  mode  of  de- 
termining these  arcs,  is  by  measuring 
similar  arcs  of  corresponding  circles 
in  the  heavens.  Let  Z  PRQ 11 M  be 
the  circle  in  the  heavens  which  corre- 

Sonds  with  the  meridian  circle  passing 
rough    A,    and  Z,  P,  R,  Q,  H,  JE, 
points   in  the  heavens  corresponding 
with  A,  p,  r,  q,  h,  e.    The  attention  of 
the  geographer  is  then  transferred  from 
the  consideratiim  of  th^  several  arcs 
A  e, pr,  Ap,  hCy  to  the  corresponding 
arcs  in  the  circle  in  the  Iieavens,  ZM^ 
PR,ZP,HJE :  for  if  any  of  these  be 
determined  in  their  number  of  degrees 
and  parts  of  degrees,  the  latitude  is 
found  directly.    Thus  it  is,  that  the 
geographer  depends  so  much  upon  the 
science  of  astronomy  for  the  solution 
of  the   most   important  geographical 
problems.      Persons  who  are    in  the 
slightest  degree  acquainted  with  geo- 
metry, or  with  the  most  simple  proper- 
ties of  the  circle,  will  not  object  to  the 
above-mentioned  mode  of  determininfi^ 
the  latitude  of  places  on  the    earth 
by   means    of   corresponding  arcs  in 
the  heavens,  that  these  corresponding 
arcs  are  of  different  magnitudes ;  for 
in  computing  the  latitude,  we  do  not 
so  much  want  the  actual  admeasure- 
ment and  linear  quantity  of  the  arc 
of   the  meridian  intercepted  between 
the  given  place  and  the  equator,   as 
the  number  of  d^ees  and  parts  of 
a    degree    which  it  contains,    or,   in 
other  words,  the  proportion  which  this 
intercepted    arc    bears    to  the  whole 
circumference  of  the  meridian  circle. 
And  as  arcs  are  the  measures  of  an- 
gles, the  arcs,  Z  M  and  A  e,  are  both 
measures  of  the  same  angle  at  o ;  and, 
therefore,  although  they  are  unequal  in 
magnitude,  yet  t^hey  mutually  bear  the 
same  proportion  to  the  circumference 
of  tlie  circles  of  which  they  are  parts ; 
that  is,  Z  ^  contains  the  same  number 
of  degrees  as  A  ^ :  and  as  the  latitude 
of  a  place  is  always  expressed  in  de- 

frees  and  parts  of  degrees,  the  num- 
er  of  degrees  contained  in  the  arc  in 
the  heavens,  Z  JE,  which  coiTcsponds 
with  the  arc  of  the  meridian  A  e,  will 
be  the  latitude  of  A.  If,  after  having 
ascertain^  the  latitude  in  this  pianner« 
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that  is,  in  degrees  and  parts  of  degrees, 
the  actual  linear  magnitude  contained 
in  the  latitude,  or  the  geographical 
distance  between  A  and  the  equator 
measured  upon  the  meridian,  be  re- 
quired, it  may  be  obtained  thus.  Let 
an  observer  at  A  travel  upon  the  same 
meridian  in  a  direction  due  north  or 
due  south,  (t.  e,  from  or  towards  the 
equator,)  until  the  pole  star  has,  with 
respect  to  the  observer's  horizon,  been 
raised  or  sunk  one  degree .  (which  may 
be  known  from  observation) :  then  as 
the  star  is  itself  stationary,  this  gain  or 
loss  of  one  degree  in  its  station  with 
respect  to  the  horizon,  has  been  caused 
by  the  observer  having  travelled  ex- 
actly one  degree,  measured  upon  a  me- 
ridian of  the  earth,  nearer  or  farther 
from  the  north  pole.  If  this  space  be 
actually  measured,  the  result,  expressed 
in  linear  measure,  will  give  the  magni- 
tude of  a  degree  of  latitude  in  geogra- 
phical miles  and  parts  of  a  mile ;  the 
quantity  thus  found,  being  multiplied 
into  the  number  of  dcCTces  and  parts  of 
a  degree,  will  give  the  actual  linear 
distance  between  A  and  the  equator. 
The  process  thus  conducted  is  on  the 
supposition  that  the  earth  is  perfectly 
spherical.  A  degree  of  latitude  mea- 
sured in  this  manner  contains  about 
sixty-nine  miles. 

How  the  spaces  or  arcs  Z  2E,  P  R, 
Z  P,  H  iE  in  the  heavens  are  to  be 
measured  by  a  spectator  at  the  spot  A 
on  the  surface  of  the  earth,  is  now  to 
be  explained.  This  is  done  by  means 
of  observations  made  by  the  spectator 
'  at  A,  upon  some  heavenly  body,  with 
an  instrument  adapted  for  the  purpose 
of  measuring  circular  arcs:  by  these 
observations,  which  are  made  when  the 
heavenly  body  is  either  upon  the  meri- 
dian of  the  place  or  not,  the  angular 
distance  of  the  body  from  the  zenith  or 
from  the  horizon  is  ascertained.  Thus 
if  *  be  the  sun  (see  fig.  5.)  on  the 
meridian,  its  angular  distance  s  Z 
from  the  zenith,  (cailed  its  zenith  dis- 
tance,) or  its  angular  distance  s  H  from 
the  horizon,  (caQedits  altitude,)  is  mea- 
sured, and  ascertained  in  degrees  and 
parts  of  degrees. 

As,  however,  A  is  the  place  at  which 
these  observations  are  made,  the  angle 
Z*  A  *  is  all  that  can  be  determined  from 
observation ;  but  this  angle  is  not  the 
measure  of  the  arc  Z  *,  because  A  is  not 
the  centre  of  the  sphere  of  the  heavens ; 
but  the  angle  Z0«  is  the  proper  measure 
of  tins  arc,  since,  by  the  supposition,  the 


meridian  circle  and  the  c(»Tespondiiig 
one  in  the  heavens  have  the  same  cen- 
tre, O ;  and  it  is  a  well  known  truth  in 
geometiy,  that  the  angle  Z  A  t  is  greater 
Sian  the  angle  Z  O  ^by  the  aiigle  A  S  o. 
This  conclusion,  expressed  in  comxnoQ 
language,  may  thermre  be  stated  thus : 
that  a  spectator  at  A,  looking  upon  a . 
heavenly  body  at  «,  wiU  see  it  lower 
down  in  the  neavens,  namely,  at «',  or 
farther  removed  from  the  zenith  point 
Z,  than  a  spectator  situated  at  the  ceor 
tre  of  the  earth,  who  would,  at  the  same 
instant  of  time,  see  the  same  body  at 
s" ;    the  difference    of   the  apparent 
places  w^hich  the  body,  «,  will  mus  oc- 
cupy in  the  heavens,  as  seen  from  the 
surface  of  the  earth,  and  as  seen  from 
the  centre,  is  the  angle  tf  s^^  ^hich  is 
equal  to  the  angle  A^O.     This  angle 
is  formed  by  two   lines  drawn  from 
the    extremities    of    the    earth's    ra- 
dius, or,  in  geometrical  language,  b 
the  angle  subtended  by  the  earth's  ra- 
dius,  at  the  distance  of  the  body«. 
This  angle  is  called  the  paraUctx^  of  a 
heavenly  body,  and  increases  the  zenith 
distance  of  8.    It  is  obvious  that  pa- 
rallax produces  a  contraiy  effect  upon 
H  #,  the  altitude  of  •,  and  that  as 
the    zenith  distance    is   inerea§ed  by 
the  angle  A  «  O,  so  the  honzonf al 
distance  or  altitude  is  dxmxnuked  by 
the  same  angle.      The  general  effect^ 
therefore,  of  parallax  is  to  depre99  a 
heavenly  body.    If,  however,  the  dis- 
tance of  the  body  upon  which  an  ob- 
servation is  made,  be  so  great,  that  it 
would  be  seen  in  exactly  the  same  posi- 
tion in  the  heavens  by  a  spectator  al 
the  surface  of  the  earth,  and  one  at  the 
centre,  it  is  evident  that  the  angle  tf  e  ^ 
or  A  f  O  (the  parallax)  would  be  so 
small  as  to  escape  observation,    and 
would,  to  our  senses,  vanish.  Tliis  is  the 
case  with  the  fixed  stars ;   but  with  re- 
spect to  the  sun  and  moon  and  planets, 
whose  distances  are  not  so  great,  the 
parallax  has  an  observable  effect  upon 
their  apparent  positions,  as  they    arc 
seen  from  different  parts  of  the  earth's 
surface,  or  from  the  earth's  surface  and 
its  centre.      And    this    circumstance 
raises  a  necessity  for  correcting   the 
observed  distances  of  these  heavenly 
bodies  from  the  zenith  or  horizon  of 
a  place,  in  order  to  arrive  at  the  trus 
distance,  as  they  would  be  seen  from 
the  earth's  centre,  and  that  th^  respec- 


*  From  a  Greek  word,  ud  that  »PpU(d,  t'cay^iJ 
iunpl/  a  cAoa^  of  pUoe, 
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tive  arcs  Z  i  and  H  s  may  be  accurately 
measured.  The  parallax  is  computed 
and  given  in  astronomical  tables,  for 
the  purpose  of  making  this  requisite 
correction. 

Chapter  IV. 

On  the  Methods  of  Determining  the 
Latitude. 

Ths  following  methods  are  those  which 

are  in  use  lor  finding  the  latitude  of 

places  on  land :  — 

1st.  By  the  altitudes  of  those  stars 
(called  circumpolar  stars),  w^hich 
never  go  below  the  horizon  of  the 
place  me  latitude  of  which  is  re- 
quired. 

2ndly.  By  the  greatest  and  least  alti- 
tudes of  the  sun  above  the  horizon 
of  the  place  in  the  course  of  the 
year. 

3rdly.  By  the  observed  altitude  or  ze- 
nith distance  of  a  star  or  othier 
heavenly  body  when  on  the  meri- 
dian. 

4thly.  By  the  zenith  distances  of  stars, 
which  pass  the  meridian  near  to 
the  zemth  of  the  place. 

5thly.  By  various  altitudes  of  a  star, 
observed  when  it  is  near  to  the 
meridian,  and  then  reduced  to  the 
meridian  by  computation. 
1st  Method. — By  the  altitudes  of  cir- 
cumpolar stars. 

Suppose  (fig.  6.)    that  Z  P  R  Q  H 

JE,  is  that  imaginary  circle  in  the  con- 

Fig.  6. 


cave  surface  of  the  heavens  which  cor- 
responds with  the  meridian  of  the  place 
the  latitude  of  which  we  want  to  find. 
Let  O  be  the  centre  of  the.  earth,  H  R 
the  rational  horizon,  ^  Q  the  circle 
of  the  equator  extended  to  the  heaveB?, 


"P  the  north  pole,  and  #  the  olrcum 
polar  star  on  which  the  observations 
are  to  be  made.     The  little  semicircle 
drawn  through  e  and  #',  parallel  to  the 
equator,    will  represent  the  apparent 

Eath  of  the  star  in  its  motion  caused  by 
alf  a  daily  revolution  of  the  earth. 
It  is  evident  from  a  mere  inspection  of 
fig,  6,  that  the    star's    greatest    and 
least  altitudes  above  the  horizon  will 
be  when  the  star  is  on  the  meridian ; 
its  greatest  when  it  is  above,  its  least 
when  below  the  pole  P.    Let  s  be  iti 
position  in  the  first  case,  and  s'  in  the 
other ;   then  R  «  is  the  star's  greatest 
altitude,  R  ^^  its  least  altitude.  By  means 
of  either  of  the  instruments  calleid  an  as- 
tronomical quadrant,  or  an  astronomi-* 
cal  circle,  R  s  and  R  /  may  be  observed 
and  measiu%d,  and  the  number  of  de- 
^es  and  parts  of  dqp-ees  contained  in 
it  be  ascertained.    Then  as  the  half- 
circle  tfs,  which    the    star    has   de- 
scribed  in  its  apparent  motion  from  tf 
to  f ,  is  parallel  to  the  equator,  (for  the 
motion  of  the  earth,  which  is  the  cause 
of  this  apparent  motion  of  the  star,  is 
perpendicular  to  the  axis  of  the  earth, 
so  that  the  path  of  the  star  is  also 
perpendicular  to  the  axis,  and  there- 
fore parallel  with  the  equator;)   and 
as  the  equator  is  every  where  at  the 
same  distance,  viz.,  90^  from  tlie  pole 
P,  the    half-circle  /*  is    also   every 
where  at  the  same  distance  from  P; 
therefore  P  *'  is  equal  to  P  *. 

Now  Rf ,  which  is  known  from  obser- 
vation, is  equal  to  PR  +  P« ;  and  Ks', 
which  is  also  known  from  observation, 
is  equal  to  PR  -  P*',  or  PR  -  P«. 
Adding  these  two  quantities,  R«,and 
US'*  together,  we  have  R*  +  R*',  equal 
to  2 PR;  therefore  PR,  or  t/ie  height 
of  the  pole  above  the  horizon,  (which 
has  already  been  proved  to  be  equal 
to  the  latitude  of  the  place  ZJE,)  is 
equal  to  ^  of  R*+  R*',  or  one  ha^ 
the  sum  of  the  greatest  and  least  alti^ 
tudes  of  a  circumpolar  star,  which  alti- 
tudes being  known  from  observation, 
the  latitude  of  the  place  is  found. 
This  mode  of  finding  the  latitude 
does  not  require  any  correction  to  be 
applied  to  me  observed  altitudes  on 
account  of  parallax,  as  the  body  ob- 
served is  a  fnced  star ;  but  a  correction 
of  these  altitudes  is  required,  in  conse^ 
quence  of  the  refracting  power  of  the 
air  and  vapours  which  surround  the 
earth  and  have  effect  upon  the  appa- 
rent places  of  heavenly  bodies,  contiary 
to    &e   effect  of  parallax,— parallai^ 


13 


MATHEMATICAL  GBOGRAPH  f . 


making  bodies  appear  lower  in  the  hea- 
vens ;  whereas,  a  I'av  of  light  passing 
through  the  atmosphere  becomes  re- 
fracted and  bent  downwards,  and  the 
body  from  which  the  ray  proceeds, 
appears  above  its  true  place  in  the  hea- 
vens. The  space  through  which  a  body 
is  raised  by  refraction  (and  which  is 
different  for  different  altitudes),  is  given 
in  tables  computed  for  various  altitudes ; 
this  correction  must,  of  course,  be  sub- 
tractei  from  the  apparent  observed  alti- 
tudes. 

2dly.  By  the  greatest  and  least  alti- 
tudes of  the  sun  above  the  horizon  in 
the  course  of  a  year. 

The  path  in  which  the  sun*s  apparent 
yearly  motion  in   the    heavens    takes 
place  (called  the  ecliptic)  is,  at  one  point 
of  it,  about  23^  28'  on  the  north  side  of 
the  equator ;  and,  at  the  exactly  oppo- 
site point,  it  is  tlie  same  number  of  de- 
grees and  minutes  on  the  south  side  of 
the  equator.    These  two  points  of  the 
ecliptic  are  the  farthest  off  from  the 
equator,   and  are  exactly   90°  distant 
from  the  two  points  where  the  ecliptic 
and  equator  cut  each  other,  which  are 
called  the  equinoctial  points.    The  sun 
is  in  the  former  point  on  or  about  the 
24  th  of  June,  and  in  the  latter  on  or 
about  the  24  th  of  December.    To  all 
persons,    therefore,  living  between  the 
north  pole  and  latitude  23"^  28',  it  will, 
on  the  24  th  day  of  June,  when  it  comes 
on  the  meridian,  be  the  highest  above 
the  horizon,  or  have  its  ^atest  altitude, 
compared  with   its    altitude  on  every 
other  day  in  the  year ;  and,  in  like  man- 
ner, it  will,  on  the  24th  of  December, 
have  its  least  meridional  altitude.     Let 
S  (Jig.  6.)  be  its  position  in  the  former, 
and  S'  in  the  latter,  of  these  two  cases. 
Then,  as  ^  is  the  point  in  the  equator 
from  which  S  and  S'  are  both  distant 
23^  28',  ^  S  and  iE  S'  are  equal.    The 
altitudes  of  the  smi*s  centre  in  both 
positions  are  to  be  observed  with  an  in- 
strument, which  observation,  when  cor- 
rected for  parallax  and  refraction,  will 
give  H  S  and  H  S',  the  greatest  and  least 
meiidional  altitudes  of  the  sun  in  the 
course  of  the  year.  Now,  H  ^  =  H  S  — 
JE  S,  and  UJk'is  also  =H  S'  +M  S' or 
iES,andtherefore2  H^=HS+HS'; 
and  H  M,  the  height  of  the  equator 
above  the  horizon,  or  the  co-latihtde  of 
the  place,  is  equal  to  ^  the  sum  of  the 
gi^atest  and  least  meridional  altitudes  of 
the  sun  in  the  course  of  the  year.     As, 
however,  it  seldom  happens  in  practice 
(iuit  the  sun,  when  it  comes  upon  the 


meridian  of  the  observer*  is  exacOv  at 
that  point  of  its  patli  where  it  is  farthest 
from  the  equator,  but  has  either  already 
passed  that  point,  or  has  not  yet  quite 
reached  it,  certain  corrections  upon  the 
observed  altitudes  become  necessary,  in 
order  to  allow  for  this  circumstance. 

3dly.  By  the  observed  altitude,  or  the 
observed  zenith  distance  of  a  star  or 
other  heavenly  body,  when  on  the  me- 
ridian. 

This  method  of  finding  tlie  latitude  is 
that  which  is  generally  employed  for 
common  geographical  purposes.  It  is 
the  most  simple  m  practice,  as  depend- 
ing only  upon  one  observation,  and  is 
also,  on  this  account,  the  most  imme- 
diate in  its  result.  It  is  also  adapted 
for  nautical  purposes,  the  only  differ- 
ence between  the  modes  of  conducting 
the  operation  on  land  and  at  sea  being 
in  the  instruments  employed  for  making 
the  observations,  and  also  that,  at  sea, 
the  heavenly  body  selected  for  observa- 
tion is  either  the  sun  or  moon,  because, 
from  the  motion  of  the  vessel,  it  is  diffi- 
cult to  obtain  a  correct  observation  of 
the  meridian  altitude  of  any  body  hav- 
ing so  small  an  apparent  magnitude  as 
a  star.  A  few  remarks  will  b«  made  in 
a  subsequent  page,  explanatoiyof  some 
of  the  peculiarities  of  the  modes  of  find- 
ing the  latitude  at  sea :  we  shall,  there- 
fore,  in  the  present  instance,  confine 
ourselves  to  the  supposition,  that  the  ob- 
server who  is  about  to  adopt  this  method 
of  ascertaining  his  latitude,  is  on  land. 

Suppose  (fig,  6.)  S  or  S'  to  be  the 
star  or  other  neavenly  body  which  is 
selected,  S  being  a  heavenly  body  above 
the  equator,  S' being  a  heavenly  body 
below  it ;  the  observation  is  to  be  m&de 
when  the  body  is  on  the  meridian.  Let 
Z  S  H  represent  a  portion  of  the  meri- 
dian in  the  heavens,  and  Me  Q ore- 
present  the  equator:  SH  or  S'H  ia 
then  ascertained  from  observation,  if  the 
altitude  be  taken ;  or  S  Z  or  S'  Z,  if  the 
zenith  distance  be  taken ;  which  it  is 
more  usual  to  take,  as,  from  the 
inequalities  of  the  earth's  surface,  it 
is  difficult  to  ol3tain  on  land  a  true 
horizontal  boundary.  These  obser- 
vations must  be  corrected  for  paral- 
lax and  refraction,  if  the  boay  be 
either  the  sun  or  moon;  and  for  re- 
fraction only,  if  it  be  a  fixed  star.  Now, 
the  object  being  to  ascertain  either 
JE  H,  the  height  of  the  equator  above 
the  horizon  (which  has  been  already 
shown  to  be  equal  to  the  co-latitude),  or 
^  Z,  the  zenith  distance  of  the  equatoTf 


MATHEMATICAL  GEOGRAPHY. 


13 


(which  is  the  latitude,)  it  is  evident  that 
if  the  distance  of  the  observed  heavenly 
body  from  the  equator — ^that  is,  SM  or 
or  S'^,  be  known,  the  co'latitude  will 
be  found  by  subtracting  S  ^£1,  or  adding 
S'  JE  to  the  observed  altitude ;  and  the 
latitude  will  be  found  by  adding  S  iS  in 
the  one  case,  and  subtracting  S'  M  in 
the  other,  according  as  the  body  ob- 
served is  above  or  below  the  equator. 
Now,  S  iE  or  S'iE,  which  is  the  dis- 
tance of  a  heavenly  body  from  the  equa- 
tor, measured  upon  a  meridian  in  the 
heavens,  is  called  its  declination,  and  is 
either  north  or  south  declination,  ac- 
cording as  the  body  is  nearer  and  farther 
off  the  north  pole  than  the  equator. 
This  declination  is  either  computed  by 
the  observer  by  certain  astronomical 
calculations,  or  it  is  taken  out  of  astro- 
nomical tables.  The  Nautical  Alma- 
nack gives  the  declination  of  the  sun  and 
moon  for  every  day  m  the  year.  From 
the  foregoing  explanation  of  this  method, 
the  following  general  rule  is  derived 
for  finding  the  latitude  by  means  of 
meridian  altitudes,  or  zenith  distances 
of  heavenly  bodies.  If  the  heavenly 
body  have  a  north  declination,  add 
the  declination  to  its  observed  zenith 
distance  (corrected),  or  subtract  it  from 
its  observed  altitude  (corrected),  and  the 
latitude  in  the  first  case,  and  the  co-la- 
titude in  the  other,  will  be  obtained.  If 
the  body  have  a  south  declination,  the 
same  result  will  be  obtained  by  subtract- 
ing the  declination  from  the  zenith  dis- 
tance, and  adding  it  to  the  altitude. 

4  th.  By  the  zenith  distances  of  stars 
which  pass  the  meridian  near  to  the 
observer's  zenith. 

When  this  method  is  adopted,  the  ob- 
servations are  generally  made  at  two 
places  having  different  latitudes ;  and 
the  latitude  of  one  of  the  places  is  su})- 
posed  to  be  previously  known.  It  is 
immaterial  whether  both  places  are  or 
not  situated  upon  the  same  meridian ; 
the  star  must  be  one  whichpasses  near 
tlie  zenith  of  6oM  places.  The  observa- 
tions are  generally  made  at  both  places 
on  the  same  day ;  if  they  happen  to  be 
made  on  different  days,  various  correc- 
tions become  requisite,  which  it  is  as 
well,  if  possible,  to  avoid. 

The  instrument  employed  on  this  oc- 
casion is  one  called  a  zenith  sector,  by 
which  small  zenith  distances  can  be 
measured  with  great  exactness.  Let  Z, 
Z',  (fig,  7.)  be  the  zeniths  of  any  two 
places,  M  Q  the  equator ;  and  suppose 
that  the  latitude  of  the  place  yrhos^ 


zenith  is  Z  (that  is,  Z  M,)  is  known,  the 
object  is  to  find  the  latitude  of  the  place 
of  which  Z' is  the  zenith  (that  is,  Z'^). 
The  zenith  distances  of  the  star  S,  when 
it  comes  on  the  meridians  of  both  places, 
must  be  observed.  These  observations 
will  give  us  Z  S  and  Z'  S.  Then  if  S  is  to 
the  south  of  both  zeniths,  as  in  the 
figure,  or  to  the  north  of  both,  Z'  S  — 
Z  S,  or  the  difference  between  the 
observed  zenith  distances,  will  give 
ZZ';  if  S  be  to  the  north  of  one 
zenith,  and  to  the  south  of  the  other, 
thenZ  S+  Z'  8,  or  the  sum  of  the  zenith 
distances,  will  give  Z  Z'.  Now  Z  Z'  is 
the  difference  of  the  latitudes  of  the  two 
places,  as  is  evident  by  an  inspection  of 
the  figure;  and  therefore  ZM  being 
known,  we  get  the  latitude  Z'  ^  = 
Z  i£  +  Z  Z'.  This  method  was  used  in 
the  trigonometrical  survey  of  England, 
iand  gives  the  latitude  with  great  ac- 
curacy. 

5th.  The  remaining  method  is  by 
making  several  successive  observations 
upon  the  same  star  at  several  and  succes- 
sive altitudes  above  the  horizon,  when 
it  is  near  the  observer's  meridian.  The 
various  altitudes  thus  obtained  are  made 
the  basis  of  a  computation  by  which  the 
star's  actual  meriaional  altitude  is  ob- 
tained. This  is  called  reducing  the  ob- 
served altitudes  to  the  meridian.  It  is 
a  process  too  intricate  to  be  introduced 
in  this  place.  The  star's  meridional  al  • 
titude  is  thus  obtained  with  great  exact- 
ness. The  latitude  is  then  very  easily 
ascertained  by  the  application  of  the 
third  method.  This  mode  of  computing 
the  latitude,  by  which  it  may  be  ob- 
tained to  within  the  fraction  of  a  se- 
cond, is  that  which  was  employed  by 
the  French  astronomers  in  their  last 
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operation  of  measuring  an  arc  of  the 
meridian. 

At  sea  none  of  the  preceding  methods, 
except  the  third,  are  ever  employed; 
the  first  and  fourth  are  founded  upod 
observations  made  with  instruments  re- 
quiring some  nice  adjustments  bv  means 
of  the  plumb  line  and  the  spirit  level,  in 
order  that  the  instrument  may  be  placed 
exactly  in  the  plane  of  the  meridian  and 
in  a  horizontal  position — ^these  adjust- 
ments cannot  be  made  at  sea,  owing  to 
flie  unsteady  motion  of  the  vessel :  the 
fourth  method  is  moreover  not  appli- 
cable to  all  places ;  the  second  method 
would  clearly  be  useless,  since  at  sea  an 
immediate  result  is  required ;  and  the 
Jlfth  is  too  complex  in  its  calculations 
to  be  fitted  for  nautical  purposes.  The 
instrument  used  at  sea  is  Hadley's 
siextant,  by  which  any  angles  what- 
ever may  be  measured,  and  it  does  not 
require  any  of   the    above-mentioned 

Erevious  amustments,  being  held  in  the 
and  of  tne  observer.  The  horizon 
being  well  defined  at  sea,  the  altitudes 
of  heavenly  bodies  are  taken.  The  ob- 
servations are  taken  when  the  sun  or 
other  body  is  near  the  meridian,  and  are 
continued  until  it  is  found  that  its  alti- 
tude has  attained  its  greatest  quantity 
and  begins  to  decrease :  at  its  ^atest 
altitude  the  body  is  on  the  meridian  of 
the  observer  at  S  (fig,  6.) ;  the  comple- 
ment of  the  latitude  is,  therefore,  ob- 
tained, as  in  the  third  method,  by  adding 
or  subtracting  the  distance  of  the  ob- 
served body  from  the  equator,  according 
as  it  is  below  or  above  it,  or  has  a  south 
or  north  declination.  The  sun  or  moon 
ii  commonly  the  object  observed,  and 
tJie  Nautical  Almanack  gives  the  declina- 
tion of  these  bodies  for  every  day  in  the 
year.  The  corrections  for  parallax 
and  refraction  must  be  made  upon  the 
observed  altitudes.  Besides  these  cor- 
Tections,  another  is  rendered  necessary, 
in  consequence  of  the  observer  being 
elevated  above  the  surface  of  the  sea. 
This  elevation  causes  a  correspondent 
depression  or  sinking  of  the  horizon, 
and  gives  a  greater  apparent  altitude  to 
the  obscrvea  body  than  it  really  has. 
This  correction  is  called  the  dip. 

But  as  it  frequently  happens  that,  at 
the  time  when  the  sun  or  moon  is  on 
the  meridian,  clouds  prevent  the  observ- 
ing of  its  meridional  altitude,  the  lati- 
tude may  then  be  obtained  by  obsei'ving 
two  altitudes  out  of  the  meridian  at  dif- 
ferent times,  and  noting  the  interval 
of  time  which  elapses  between  the  times 


of  observation.  Z  P  iftf(.  6.),  or  the 
co-latitude,  is  then  computed  by  the 
resolution  of  three  spherical  triangles, 
a  mere  mathematical  process,  which  we 
need  not  stop  to  investigate. 

Chapter  V.^ 

Longitude — Mode  of  Measuring  Time 
— Sidereal  Time  —  Apparent  Sniar 
Time— Mean  Solar  Titne — Kquaiion 
of  Titne, 

HAvmo  by  one  of  the  foregoing 
methods  ascertained  the  paraUel  of  la- 
titude in  which  any  particular  place  is 
situated,  the  next  inquiry  is  directed  to 
the  finding  of  the  longitude,  or  the  posi- 
tion which  a  place  occupies  in  the  pa- 
rallel with  respect  to  what  is  called  the 
first  meridian.  In  this  country  the  me- 
ridian of  the  observatory  at  Greenwich 
is  generally  taken  for  the  first  meridian. 
Various  are  the  methods  which  have 
been  proposed  for  finding  the  longitudes 
of  places ;  in  every  point  of  view  the 
subject  is  one  of  veiy  considerable  in 
terest,  not  only  on  account  of  its  great 
importance  in  commerce  and  science, 
but  also  because  the  attempts  which 
have  for  so  many  yeais  been  made,  in 
order  to  determine  the  longihide  with 
the  same  accuracy  with  which  the  lati- 
tude of  places  is  found,  have  hitherto 
been  unsuccessful.  Since  the  time  of 
Queen  Anne  it  has  been  regarded  as  an 
object  of  great  national  importance ;  and 
a  board,  called  the  Board  of  Longitude, 
consisting  of  various  official  and  scien* 
tific  persons,  was  then  established  for 
the  purpose  of  encoura^ng  and  direct* 
ting  attempts  to  determine  it 

All  the  methods  for  finding  the  lon- 
gitudes dex)end  upon  the  manner  in 
which  time  is  measured ;  and  in  order 
to  attain  a  clear  notion  of  them,  it  will 
be  proper  to  explain  at  some  length  hovir 
a  measure  of  time  is  obtained. 

Properly  considered,  time  is,  in  itself, 
without  parts,  and  indivisible ;  tiie  flow 
or  lapse  of  time  is,  however,  capable  of 
being  measured  by  means  of  events  hiq>- 
pening  in  time,  and  which,  when  com-> 
pared  one  with  another,  are  of  different 
continuance,  taking  up  more  or  less 
time  in  their  completion.  Time  and 
space  are  in  one  respect  similar ;  space 
is  in  its  nature  indivisible,  it  does  not 
contain  within  itself  any  marks  or  cir- 
cumstances of  division ;  but  by  means 
of  bodies  which  are  situated  within  it, 
we  are  able  to  consider  space  as  though 
tt  were  divided  into  parts.  Whatboi&t 
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are,  in  tms  respect,  to  spaee,  that  pre- 
cisely  are  events  to  time ;  they  afford 
us  the  means  of  measurement  This  is 
done  by  the  comparison  of  those  events 
one  with  another  in  respect  of  their  du- 
ration; but  in  order  to  do  this  with 
accuracy,  it  is  necessary  to  possess 
some  standard  event  yr\nQh.  always  takes 
up  exactly  the  same  time,  and  to  which 
we  may  refer  as  affording,  by  compari- 
son wim  it,  a  measure  of  the  duration 
of  all  other  events :  without  this  we 
should  be  at  a  loss  to  ascertain  ex^ 
actly  how  much  time  is  taken  up  by 
any  other  event,  and  be  left  to  the  un- 
certainty of  only  probable  conjecture.  In 
this  paxticular  there  is  also  a  similarity 
between  time  and  space ;  for,  in  measur- 
ing space,  the  object  has  been,  even  in 
remote  periods  of  history,  to  fix  upon  a 
certain  standard.  Thus  our  king  Henry 
the  First  commanded  that  the  standard 
of  measure  of  length  should  be  of  the 
exact  length  of  his  own  arm,  which  is 
our  present  yard  measure.  But  with 
him  perished  the  standard  by  which  the 
measure  called  a  yard  might  afterwards 
be  compared,  corrected,  and  ascertained 
afresh.  It  is  dear  that  something  which 
was  liable  neither  to  decay  nor  variation 
was  requisite  to  form  a  proper  standard 
of  measure;  and  accordmgly  by  the  re- 
cent Act  of  Parliament  for  weights  and 
measures,  and  which  proceeds  upon  more 
scientific  principles,  such  a  standard  has 
been  established  in  the  length  of  a  pen- 
dulum beating  seconds  of  mean  time  in 
the  latitude  of  London.  On  observing 
the  various  occurrences  or  events  in 
natiure,  with  a  view  to  fix  upon  some 
one  event,  as  a  standard  for  the  mea- 
sure of  time,  it  was  discovered  that 
the  motion  of  the  earth  round  its  axis 
possessed  all  the  qualifications  requi- 
site for  such  a  piupose.  This  event 
is  invariablv  of  exactly  the  same  conti- 
nuance, and  it]  is  the  only  one  in  nature 
with  which  we  are  acquainted,  that  is  so. 
The  time  spent  in  one  revolution  of  the 
earth  round  its  axis  forms,  therefore,  an 
exact  and  perfect  standard  measure,  by 
reference  to  which  the  time  taken  up 
by  all  other  events  may  be  ascertainea. 
llie  beginning  and  the  end  of  the  revo- 
lution, and  consequently  the  duration  of 
it,  is  determined  by  means  of  the  fixed 
stars:  these  stars  have  no  motion  of 
their  own ;  so  that  their  apparent  daily 
motion  is  caused  by  the  daily  motion  of 
the  earth  on  its  axis.  Hence,  if  a  fixed 
star  be  upon  the  meridian  of  a  place,  this 
motion  of  tiiie  earth,  which  is  in  a  direc* 


tion  from  West  to  Eatt,  gires  to  the  star 
.  an  apparent  motion  towards  the  Weet , 
and  wnen  the  star  next  appears  upon  the 
same  meridian,  having  moved  through 
360°,  an  entire  revolution  of  the  eaath  has 
been  accomplished.  The  time  spent  in 
performing  this  revolution  is  the  stand- 
ard measure  of  time,  and  it  is  called  a 
sidereal  or  star  day,  because  it  is  by  the 
appearance  and  re- appearance  of  the 
same  star  in  the  same  place  in  the  hea- 
vens that  the  completion  of  the  revolu- 
tion is  ascertained.  This  standard  being 
once  established,  it  may  be  divided 
into  smaller  portions  of  time  at  plea- 
6iu«.  Portions  of  time  measured  by  a 
reference  to  this  standard  are  caUed 
sidereal  time.  Astronomical  clocks  are 
made  to  show  sidereal  time. 

But  it  was  requisite,  for  the  sake  of 
convenience,  to  obtain  some  other  stand- 
ard of  measure  of  time,  having  refer- 
ence to  the  sun,  by  which  the  common 
affairs  of  life  are  reg^ated.  Now  the 
same  motion  of  the  earth  about  its  axis, 
which  has  already  l)een  noticed  .  with 
respect  to  the  fixed  stars,  gives  to  the 
sun  also  an  apparent  daily  motion  from 
the  east  towards  the  west.  When  the 
sun  is  upon  the  meridian  of  a  place  it  is 
apparent  noon  at  that  place,  or,  in  po- 
pular language,  the  hour  of  twelve  in 
the  day.  After  this  hour,  the  sun,  leav- 
ing the  meridian,  appears  gradually  to 
travel  towards  the  west.  Tnis  westerly 
motion  continues  below  the  horizon 
until  it  has  brought  the  sun  to  a  point 
where  it  rises  again,  and  proceeding  in 
its  daily  course,  a^ain  reaches  the  same 
meridian  on  which  it  appeared  at  Uie  hour 
of  apparent  noon  on  the  former  day. 
The  tune  which  has  passed  between 
these  two  successive  appearances  of  the 
sun  on  the  meridian  of  any  place  is 
called  a  solar  day.  A  solar  day  is  longer 
than  a  sidereal  day ;  for  if  upon  any  day 
the  sun  and  a  fixed  star  be  observed  to 
be  upon  the  meridian  of  a  place  together, 
the  star  will,  on  the  following  day,  return 
to  the  meridian  a  few  minutes  before  the 
sun.  This  difiBerence  in  the  times  of  the 
sun  and  a  fixed  star  leaving  and  return- 
ing to  a  particular  meridian,  is  caused 
by  the  sun's  apparent  yearly  motion  in 
tiie  ecliptic,  which  being  in  a  direction 
frt>m  west  to  east,  and  opposite  to  that 
daily  motion  which  brings  it  to  the  meri- 
dian, makes  the  star,  which  has  only 
the  daily  motion,  from  east  to  west,  to 
appear  on  the  meridian  before  the 
sun.  The  daily  average  amount  of  this 
yearly  motion  of  the  sun  in  an  easterlff 
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direction  atcay  from   a   meridian^  isr' 
59'  8"  (nearly  one  degree) 

We  have  called  this  59/  8"  the  daily 
average  amount  of  the  sun's  yearly  mo- 
tion, because,  during  some  parts  of  the 
year,  it  is  more  than  59'  8",  and  at  others 
less.  Hence  it  follows,  that  the  inter- 
'  vals  of  time,  which  in  the  course  of  a 
year  elapse  between  the  sun's  succes- 
sively leaving  and  retumins;  to  the  same 
meridian,  are  of  different  lengths.  An 
apparent  solar  day,  therefore,  or  the  time 
between  two  actual  successive  passages 
of  the  sun  over  the  same  meridian,  could 
not  be  adopted  as  a  standard  measure' of 
time,  because  it  is  a  varying,  fluctuating 
quantity ;  and  it  is  essential  to  a  standard 
measure  of  time,  that  it  should  be  a 
fixed  quantity.  But  with  a  view  to 
obviate  this  difficulty,  an  artificial  solar 
day  has  been  constructed,  called  a  mean 
solar  day,  the  length  of  which  is  always 
the  samCt  and  is  the  mean  or  average 
length  of  all  the  various  apparent  solar 
days  in  the  course  of  a  year ;  the  differ- 
ence in  length  between  a  mean  soiar 
day  and  the  apparent  solar  day  for 
the  time  being,  is  called  the  equation 
of  time. 

When  time  is  reckoned  with  reference 
to  the  apparent  solar  day,  it  is  called 
apparent  time ;  when  wifii  reference  to 
the  mean  solar  day,  it  is  called  mean 
time.  A  common  sun-dial  shows  the 
hour  of  apparent  time.  Time-keepers 
or  chronometers,  common  watches  and 
clocks,  are  made  to  show  the  hour  of 
mean  time.  Both  the  apparent  solar 
day,  and  the  mean  solar  day,  are  divided 
into  24  hours ;  and  are,  for  astronomi- 
cal and  scientific  purposes,  reckoned 
from  noon  to  noon.  The  mean  day  is 
alwavs  of  the  same  length,  and  although 
it  is  longer  than  the  sidereal  day,  yet  the 
quantity  by  which  it  is  greater  (viz.  the 
time  required  for  the  earth  by  its  motion 
on  its  axis  to  move  through  59'  8'' 
of  space)  is  always  the  same. 

Hence,  the  uniformity  and  equal  length 
of  mean  days,  and  of'^  seconas  of  mean 
time,  really  depend  upon,  and  must  at 
last  be  referred  to  the  uniform  and  equal 
motion  of  the  earth  upon  its  axis,  which 
consequently  is  the  standard,  by  refer- 
ence to  which,  the  measure  of  time  af- 
forded by  the  pendulum  beating  seconds 
of  mean  time  is  ascertained,  and  may 
be  corrected.  It  is  not  uninteresting  to 
observe,  that  to  the  equable  and  invari- 
able motion  of  the  earth  about  its  axis, 
we  are  indebted,  not  only  for  a  standard 
measure  gf  time,  but  also  for  all  our 


standard  measures  of  length,  capacity, 
and  weight ;  since,  by  the  recent  Act  of 
Parliament,  before  referred  to,  all  of  them 
are  referred  to  the  lex^th  of  a  pendulum 
beating  seconds  of  mean  time  in  the 
latitude  of  London. 

At  four  times  in  the  year,  and  only 
four, — ^that  is,  on  or  about  the    15th 
day  of  April,  and  the  1st  of  September ; 
and  on   or  about  the   15tli  of  June,' 
and  the  24th  of  December, — ^mean  time 
and  apparent  time  agree ;  or,  which  is 
the  same  thing,  on  these  foiu:  da3rs  the 
sun  is   actually  upon  the  meridian  of 
some  particular  place,  and  the  shadow 
of  the  style  of  a  dial  at  that  place  is 
upon  the  hour  of  twelve,  at  tJie  very 
moment  that  a  correct  time-keeper,  or 
watch  measuring  mean  time,  and  ad- 
justed for  this  particular  place,  shows 
the  hour  of  1 2.    Throughout  the  rest  of 
the  year,  apparent  time  and  mean  time 
are  different    The  exact  amount  of  this 
difference  is  easily  calculated  for  every 
day :  it  is  called  the  equation  of  time ; 
because,  by  either  adding  it  to,  or  sub- 
tracting it  from,  the  time  of  the  apparent 
solar  day,  the  result  will  be,  the  time  of 
the  naean  solar  day.     The  equation  of 
time  is  given  for  every  day  in  the  year  in 
the  Nautical  Almanack,  with  directions, 
showing  whether  it  is  to  be  added  to  or 
subtracted  from  the  apparent  imno^  ui 
order  to  get  at  the  mean  time. 

Chapter  VI. 

Various  MetJiods  of  Finding  the  Xovt- 

gitude. 

In  the  application  of  the  above-men- 
tioned principles  for  reckoning  the  time 
of  the  day,  consists  the  simplest  method 
of  finding  the  longitude  of  a  place,  or  its 
situation  in  a  given  parallel  of  latitude 
with  respect  to  the  first  meridian,  the 
meridian  of  Gi-eenwich. 

As  in  the  24  hours  into  which  an 
apparent  solar  day  is  divided,  the  sun 
returns  to  a  meridian  which  it  has  left, 
it  may  be  said  to  describe,  in  that  time, 
360  degrees  of  loneitude;  which,  divid- 
ing the  whole  360°  bjr  24,  and  supposing 
the  motion  to  be  uniform,  is  at  the  rate 
of  15°  of  longitude  for  every  hour  of 
apparent  time ;  so  that  if  we  find  the 
sun  to  be  upon  the  meridian  of  Green- 
wich, or  it  is  12  o'clock  apparent  time 
at  Greenwich,  it  will,  in  one  hour  af>er 
of  apparent  time,  be  15°  to  tRe  west  of 
Greenwich,  in  2  hours  30°  west,  in  6 
hours  90°,  in  12  hours  180°,  and  so  on. 
at  which  several  times  in  succession  the 
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tun  will  be  upon  the  meridians  of 
places,  or  it  wiU  be  apparent  noon,  or 
12  o^cloek  at  places  situated  15^  30^ 
90°,  and  180°  west  longitude  from  the 
meridian  of  Greenwich ;  while  the  seve- 
ral corresponding  hours  of  apparent 
time  at  Greenwich  will  be  I  o*clockin 
the  afternoon,  2  o*clock,  6  o*clock,  and 
12  o'clock  at  night,  or  midnight. 

Beyond  the  180°  west  longitude,  east 
longitude  commences.  The  only  differ- 
ence in  the  two  cases  is.  that  places  to 
the  west  of  Greenwich  are  said  to  have 
their  noon  later,  and  their  reckoned 
time  earlier:  those  to  the  east  have 
th^  noon  earlier  and  consequently 
their  reckoned  time  later  than  at  Green- 
wich, Hence,  if,  when  it  is  the  hour 
of  apparent  noon  at  any  place  situ- 
ated either  to  the  east  or  west  of 
Greenwich,  the  corresponding  hour  of 
apparent  time  at  Greenwich  could  be 
ascertained,  the  longitude  of  that  place 
might  be  directly  found  by  turning  the 
difference  of  their  times  into  degrees  and 
parts  of  degrees,  reckoning  15°  for  every 
hour  of  apparent  time,  and  for  propor- 
tionate parts  of  an  hour,  taking  propor- 
tionate parts  of  15°. 

But,  as  it  has  been  already  explained, 
the  variation  of  the  apparent  solar  day 
makes  apparent  time  ul  adapted  as  a 
standard  to  refer  to  for  the  purpose  of 
ascertaining  the  difference  of  lon^tudes 
by  the  difference  of  the  apparent  times  at 
two  different  meridians :  it  is  necessary, 
therefore,  to  show  how  the  difference  of 
the  mean  time  at  two  different  meridians 
may  be  substituted  in  its  stead.  It  has 
been  stated  that,  at  four  times  in  the 
vear,  the  equation  of  time  is  nothing,  or 
that  at  some  particular  moment  of  four 
days  in  the  year  the  hour  of  mean  time 
exactly  correspoixds  with  the  hour  of 
apparent  time.  Thus,  it  appears,  from 
the  Nautical  Almanack,  that  on  the  24th 
of  December  of  the  present  year,  at  the 
hour  of  apparent  noon,  when  the  sun 
will  be  on  the  meridian  of  Greenwich, 
tiie  apparent  time  will  be  in  advance  of 
the  mean  time  at  Greenwich  by  20".3, 
that  is,  when  it  is  12  o*clock  in  the  day, 
by  the  sun,  it  will  want  20^3  to  12 
o*clock  by  the  watch ;  so  that  it  will  be 
then  necessBLTf  to  subtract  20".3  from 
the  apparent  time  deduced  from  obser- 
vation in  order  to  ascertain  the  corre- 
sponding mean  time  at  Greenwich  for 
that  day.  But  on  the  25th  of  December, 
or  at  the  hour  of  apparent  noon  at 
Greenwich  on  the  following  day,  the 
a{»parent  time  wiU  be  behim  the  mean 


time  by  9'^8,  which  quantity  therefore 
must  then  be  added  to  the  apparent  time 
to  get  at  the  mean ;  and  the  watch  wiU  be 
9^.8  past  12,  when  it  is  noon  by  the  sun. 
Hence,  as  in  the  space  between  these 
two  successive  passages  of  tiie  sun  over 
the  meridian  of  Greenwich,  the  equation 
of  time,  or  the  difference  between  appa- 
rent and  mean  time,  has,  from  being 
subtractive,  become  additive,  it  has,  at 
some  moment  of  that  interval,  been  0, 
or  has  passed  through  0  ;  or,  in  other 
words,  the  mean  time   at  Greenwich 
having  overtaken  the  imparent  time  at 
that  place,  the  hour  of  apparent  time 
and  tnat  of  mean  time  will,  for  some  one 
moment,  between  the  two  successive 
noons,  be  the  same.     Now,    as  the 
difference  between  mean  and  apparent 
time,  or  the  equation  of  time,  depends 
upon  the  variable  velocity  of  the  sun 
in  his  apparent  annual  motion  in  the 
ecliptic,  and  upon  the  obliquity  of  the 
ecliptic  or  the  angle  it  makes  with  tiie 
equator ;  these  circumstances  being  in- 
dependent of  place,  the  equation  of  time 
is  for  all  parts  of  the  earth  the  same 
that  it  is  at  Greenwich  at  any  given 
moment.    Hence,  as  at  some  particular 
moment  between  the  noons  at  Gh'een- 
wich  of  the  24th  and  25th  of  December* 
the  equation  of  time  is  nothing,  at  that 
moment  it  is  also  nothing  at  every  other 
place  upon  the  globe,  or  the  apparent 
and  mean  times  are  then  every  where 
exactiy  the  same.    But  we  have  alr^idy 

E roved  that  the  longitude  might  always 
e  determined  b)r  turning  the  cHfhrenee 
of  the  apparent  times  at  Greenwich  and 
any  other  place  into  degrees  at  the  rate 
of  15°  to  every  hour  of  apparent  time. 
At  the  particular  moment,  however* 
when  the  equation  of  time  is  0,  the  dif- 
ference of  the  apparent  times  is  the  same 
with  the  difference  of  the  mean  times  at 
Greenwich  and  every  other  place  upon  a 
different  meridian.  Hence,  at  this  mo- 
ment the  longitudes  of  all  places  may  in 
like  manner  be  determined  by  turning  the 
difference  of  mean  timee  at  Greenwich 
and  at  all  other  places  into  degrees  at 
the  same  rate  of  15°  for  every  hour  of 
mean  time.  But  what  is  true  of  mean 
time  and  of  the  difference  of  mean  times 
at  one  particular  moment,  is  true  al* 
ways,  because  mean  time  is  not  variable ; 
so  that  the  difference  of  mean  times  at 
Greenwich  and  all  other  places  will 
always  give  the  longitudes  of  places ; 
and  therefore  by  knowing  on  any  day  in 
the  year  the  mean  time  at  Greenwich, 
and  also  the  corresponding  meantime  at 
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uxy  other  place,  the  longitude  of  that 

Slace  will  ue  found  by  converting  the 
iiference  of  their  reckoned  niean  times 
into  degrees,  at  the  rate  of  15°  for  every 
'.  hour  01  mean  time ;  it  will  be  east  lon- 
gitude  if  the  time  at  the  place  in  question 
be  later  than  the  time  at  Greenwich,  and 
west  longitude  if  it  be  earlier. 

Ah,  therefore,  that  is  require4  is  to 
ascertain,  1st,  ihe  hour  of  mean  time 
at  the  place,  the  longitude  of  which 
we  wish  to  know;  2dly,  the  corre- 
sponding hour  of  mean  time  at  Green- 
wich. Now  the  hour  of  mean  time 
.at  any  place  may  always  be  obtained 
by  means  of  the  corresponding  ajcTpa- 
rent  time;  by  adding  to  or  subtract- 
ing from  it  the  equation  of  time  for 
the  moment,  which  is  given  (or  may 
be  computed  from  what  is  given)  in 
the  Nautical  Almanack.  The  hour  of 
cqpparent  time  may  always  be  found 
by  means  of  an  observed  altitude  of  the 
sun,  or,  if  the  place  be  on  land,  by  means 
of  a  sun-dial.  The  corresponding  mean 
time  at  Greenwich  may  then  be  ascer- 
tained by  a  chronometer  or  time-keeper, 
adjusted  and  regulated  so  as  to  show 
Greenwich  mean  time.  If,  therefore,  a 
time-piece  could  be  made  so  perfect  as 
always  to  show  the  mean  time  at  Green- 
wich without  error ;  or  if  its  error  in 
|;oin^  were  always  the  same,  tliat  is,  if 
it  gamed  or  lost  the  same  quantity  every 
day,  the  longitude  of  places  might  be 
correctly  found  by  such  a  chronometer. 
This  desirable  object  has  not  hitherto 
been  attained :  Uie  most  ingenious  and 
accomplished  mechanics,  although 
.prompted  by  the  Uberal  rewards  held 
out  b^  the  legislature  to  encourage  their 
exertions,  have  failed  of  complete  suc- 
cess. Time-pieces  have,  however,  been 
inade,  which  from  their  near  approach 
to  an  equable  rate  of  going,  might  ap-. 
pear  to  justify  even  sanguine  hopes  that 
at  some  period  or  other  a  perfect  ma- 
.chine  may  be  constructed;  but  it  is 
highly  improbable  that  these  hopes  will 
jever  be  realized.  The  imperfection  of 
the  human  mind  seems  to  oppose  even 
a  moral  obstacle  to  the  attainment  of 
absolute  perfection  in  any  of  its  produc- 
tions. In  other  works  of  art  an  ap- 
parent perfection  may  be  obtained,  be- 
cause their  defects  are  not  visible  to  our 
senses,  and  we  have  no  other  means  of 
ascertaining  their  existence;  but  in  a 
machine  wmch  is  to  measure  time,  the 
smallest  errors  accumulate  so  as  to  be- 
com  -  at  last  apparent,  and  in  tlie  daily 
equable  motion  of  the  earth  on  her  axis, 
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nature  herself  affords  a  perfect  meamr% 
of  time,  by  a  comparison  with  which  the 
errors  and  defects  of  the  measure  con- 
structed by  human  art  cannot  in  the 
lonff  run  escape  detection. 

At  sea,  where  other  methods  cannot 
be  resorted  to  with  fieu^ility,  chroname- 
ters  are  generaHv  used  for  frnchng  the 
lon^tude;  but  tne  mere  circumstanoe 
that  the  best  chronometer  is  hatde  to 
error,  and  to  error  which  may  escape 
notice,  makes  it  dangerous  to  tmst  to 
the  chronometer  alone ;  nor  ought  it  to 
be  relied  on  but  under  circumstanoes 
excluding  the  adoption  of  some  of  the 
other  methods  of  finding  the  longitudes. 

These  methods,  therefore,  form  the 
next  subject  of  consideration. 

There  are  various  appearances  j&om 
time  to  time  taking  place  among  the 
heavenly  bodies,  that  afford  the  means 
of  finding  the  longitude  neariy.  Iliese 
apnearances  are  the  following:  1st, 
Lclipses  of  the  moon ;  2d,  Eclipses  of 
Jupiter's  satellites  or  moons ;  3d,  Oc- 
cultations  or  concealments  of  fixed  stars, 
by  the  moon*s  passing  over  them ;  4th, 
ffclipses  of  the  sun ;  5th,  Hie  passage 
of  the  moon  over  the  meridian  of  the 
place  the  longitude  of  which  is  required ; 
6th,  The  same  passage  compared  with 
that  of  one  or  more  (stars  immediately 
preceding  or  following  the  moon,  and 
having  nearly  the  same  declination  \ 
7th,  The  distance  of  the  moon  from 
particular  fixed  stars  or  from  the  sun« 
There  is  also  another  method,  of  limited 
application,  by  means  of  artificial  ap- 
pearances upon  Uie  earth,  as  explosions 
of  gunpowder  made  at  one  place  and 
seen  at  another,  the  longitude  of  which 
is  required. 

The  first  and  second  and  the  last  of 
these  appearances  are  observed  at  all 
places  where  they  happen  to  be  visible  at 
the  same  instant  of  absolute  time.  The  dif- 
ference, tiierefore,  in  the  reckoned  times, 
either  mean  or  apparent,  at  two  places 
where  they  are  visible,  is  owing  to  tlie 
difference  of  their  longitude,  'uie  time 
at  Greenwich  of  eclipses  of  tlie  moon 
and  of  Jupiter's  satellites  is  previ- 
ously computed  and  set  down  m  the 
Nautical  Almanack,  and  the  corre- 
sponding time  at  the  plaqe  whose  longi- 
tude is  wanted,  b&ng  obtained  at  Uie 
moment  of  these  appearances  happen- 
ing, the  dififerenoe  turned  into  decrees  in 
the  usual  way  is  the  longitude.  By 
means  of  explosions  of  gunpowder  or 
other  signals  made  on  uie  earth,  the 
difference  of  the  longitudes  of  any  two 
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places  not  fttr  distant  from  each  other 
may  be  detennined  with  very  great  ex- 
actness; the  mean  time  for  each  place 
may  be  known  by  separate  chronome- 
ters previously  adjusted  and  r^ulated 
for  the  purpose;  the  difference  of  the 
times  at  the  moment  of  the  explosion  or 
other  signal,  which  is  made  at  one  place 
and  seen  instantaneously  at  the  other, 
converted  into  d^ees,  will  give  the  dif- 
ference of  lonntudes.  This  method  has  of 
late  become  me  more  interesting  from  its 
having  been  adopted,  in  the  course  of  the 
operations  now  m  progress  on  the  con- 
tinent for  measuring  an  arc  of  a  parallel 
of  latitude,  as  the  best  means  of  deter- 
mining the  longitude  of  the  extremities 
of  the  arc.  The  space  between  the  two 
extremities  of  this  arc  was  divided  into 
a  great  number  of  smaller  arcs,  all  of 
such  a  length,  that  one  of  the  extre- 
mities of  each  smaller  arc  might  be 
made  visible  to  an  observer  at  the  other 
extremity.  At  each  point  of  division  of 
the  principal  arc,  were  fixed  stations,  at 
which  the  requisite  Instantaneous  sig- 
nals were  made  and  observed.  The 
difference  of  times  when  these  signals 
were  made  at  one  station  and  observed 
at  another,  gave  the  difference  of  longi- 
tudes of  the  extreme  points  of  every 
smaller  arc ;  and  the  sum  of  all  the 
differences  gave  the  difference  of  lonj^- 
tudes  of  the  extremities  of  the  prin- 
cipal arc.  It  is  scarcely  necessary 
to  remark,  that  any  thing  answering 
the  purpose  of  an  instantaneous  sig- 
nal, may  be  used  instead  of  ex- 
plosions of  g^powder — such  as  the 
discharge  of  a  rocket,  or  the  sudden 
display  or  extinction  of  a  lamp :  a  con- 
trivance called  a  Heliostat  (which  is 
from  two  Greek  words,  and  signifies  any 
thing  tlie  position  of  which  nas  some 
referenee  to  the  sun)  has  been  employed 
on  the  continent :  it  has  a  strongly  re- 
flecting surface,  and  is  placed  in  such  a 
manner  that  the  rays  of  the  sun  are 
reflected  by  it  towards  the  desired  point 
of  observation ;  the  reflection  is  then 
made  to  disappear  suddenly  by  inter- 
posing a  screen  between  the  Heliostat 
and  the  distant  spectator,  and  thus  con- 
veys an  instantaneous  signal. 

The  third  and  fourth  methods,  by 
eccultations  of  fixed  stars  by  the  moon, 
and  by  eclipses  of  the  sun,  likewise  de- 
pend upon  the  difference  of  the  times  at 
which  these  appearances  take  place  at 
Greenwich  (and  which  times  are  com- 
|>uted  by  means  of  tables) ;  and  of  the 
times  at  which  they  are  actually  observed 


to  take  place  at  the  spot  the  longitude 
of  which  is  required ;  but  with  this  qua- 
lification, that  as  these  appearances  are 
not  observed  at  all  places  at  the  same 
point  of  abeolute  time,  the  difference  in 
the  absolute  times  of  their  happening 
must  be  allowed  for :  thus,  if  at  Green« 
wich  the  occultation  of  a  certain  fixed 
star  by  tiie  moon,  happen  at  six 
o*clook  in  the  morning ;  and  at  some 
other  place  to  the  west  of  Greenwich  it 
be  observed  to  happen  at  midnight,  thus 
making  a  difference  of  six  hours  in 
the  reckoned  times  of  the  appearance, 
it  win  not  follow  that  this  is  all  due  to 
the  longitude,  and  that  the  place  in  ques- 
tion is  90°  west  longitude,  for  the  occul- 
tation does  not  happen  at  both  plaoes  at 
the  same  moment  of  absolute  time ;  but 
the  star  is  seen  at  the  place  in  question 
for  some  time  after  it  is  nidden  at  GSi^sen- 
wich.  This  time,  which  being  caused 
by  parallax  may  be  computed,  must  be 
added  to  the  Greenwich  tune,  computed 
from  the  tables ;  and  then  the  difference 
between  the  resulting  time  at  Green- 
wich, and  tiie  time  at  the  place  at  the 
moment  of  the  occultation  there,  will 
give  the  true  difference  of  corresponding^ 
reckoned  times  between  that  place  and 
Greenwich;  and  from  this  diffierence 
the  longitude  may  be  deduced.  The 
difference  in  the  absolute  time  of  these 
appearances  occurring  at  different 
places,  is  owing  to  the  sun  and  fixed 
stars  shining  by  a  light  of  their  own, 
and  to  the  moon*8  parallax. 

The  fifth  method  is  by  means  of  the 
moon*s  passage  over  the  meridian. 

If  the  sun  and  moon  be  upon  the 
meridian  of  Greenwich  together,  on  any 
particular  day,  on  the  following  day 
when  tiie  sun  is  again  on  tiiat  mendian, 
the  moon  will  be  considerably  to  the 
east  of  it ;  and  some  time  will  conse- 
quentiy  elapse  before  the  moon  reaches 
the  meridian  of  Greenwich  after  the  sun 
has  left  it.  This  easterly  separation 
of  the  moon  from  the  sun  after  they 
have  been  together,  is  caused  by  the 
moon*8  quicker  motion  in  her  orbit  or 
course  round  the  earth ;  and  the  time 
which  elapses  between  the  passage  of 
the  sun  over  the  meridian  of  Greenwich, 
and  that  of  the  moon,  is  called  the 
moon's  retardation.  The  moon's  mo- 
tion in  her  orbit  continuing,  the  distance 
between  the  sun  and  moon  continually 
and  gradually  increases ;  so  that  if  the 
moon's  retardation  be  of  a  certain 
amount  at  the  time  of  its  passing  the 
-meridian  of  Greenwich,  the  retaraatioQi 
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at  a  place  to  the  weit  of  Greenwich 
will  be  of  a  greater  amount,  in  pro- 
portion to  the  time  that   is  required 
to  bring  the  moon  from  the   meridian 
of  Greenwich,  to  the  meridian  of  the 
place  to  the  west  of  Greenwich.  Hence, 
as  the  increase  of  the  moon*s  retarda- 
tion is  for  24  hours  proportional  to  the 
times  in  which  it  is  produced,  by  know- 
ing the  retardation  at  two  different  me- 
ridians, and  the  time  during  which  the 
retardation  at  one  of  the  meridians  has 
been  produced,  the  time  during  which 
the  greater  retardation  at  the  other  meri- 
dian has  been  produced,  may  be  found  by 
the  rule  of  three.  Thus,  suppose  that  the 
sun  and  moon  having  been  upon  the  meri- 
dian of  Greenwich  together  on  one  day, 
the  retardation  of  the  moon  at  Green- 
wich on  the  following  day,  or  in  24 
hours,   is  52' ;   that  at   a  place  to  the 
west    of    Greenwich   the    retardation 
of  the  moon  is  observed  to  be  57',  or 
5'  more   than    it  was  at  Greenwich; 
then  we  shall  have  this  proportion ;  as 
52' :  57' ::  24  hours :  24  hours  +  the  ad- 
ditional time  necessary  to  produce  the 
additional  retardation  of  5'.    This  addi- 
tional time  is  due  to  and  expresses  the 
difference  of   the    longitudes,  and  24 
hours  correspond  with  360°  of  longitude. 
Hence,  52'  of  time  :  57'  of  time  ;  :  360°: 
360°  +    difference  of  the  longitudes; 
and  as  in  this  case  we  have  taken  the 
meridian  of  Greenwich,  the  longitude  of 
which  is  0,  we  shall  have  52'  of  time : 
57'  of  time  : :  360°  :  360  +  longitude  of 
the  place ;  or  the  longitude  of  the  place 

is  equal  to  360  X  ^  of  time,  and  ex- 
pressing the  time  in  parts  of  degrees  at 
the  rate  of  15°  to  an  hour,  the  longi- 
tude is  obtained.  Hence  generally  the 
longitude  of  a  place  is  equal  to  360°, 
multiplied  by  the  difference  between  the 
rctaraation  of  Greenwich  and  the  retar- 
dation of  the  place  the  longitude  of 
which  is  required,  divided  by  the  in- 
crease of  the  retardation  at  Greenwich 
in  the  24  hours  preceding  the  time  of 
observation.  The  increase  of  retarda- 
tion  at  the  place  the  longitude  of  which 
is  required,  is  known  from  observation. 
The  mcrease  of  retardation  at  Green- 
wich, for  the  24  hours  preceding,  may 
be  found  by  means  of  the  Isauticu 
Almanack. 

The  princinle  of  this  method  is  appli- 
cable to  the  fixed  stars  as  well  as  to  the 
sun ;  the  only  difference  being,  that  the 
moon's  retardation  is  greater  with  re- 
spect to  the  fixed  stars,  as  they  have 


none  of  the  daily  easterly  motion  which 
the  sun  has  in  its  apparent  yearly  path 
in  the  heavens.  The  appUcation  of^his 
principle  to  the  ilxed  stars  for  findiiig 
the  diffnence  of  the  longitudes  of  two 

S laces,  was  first  successfully  made  by 
I.  Nicolai,  a  distinguished  astronomer, 
at  Manheim,  and  is  now  very  generally 
practised  on  the  continent,    mr,  Fran- 
cis Baily,  in  his  valuable  paper  on  this 
subiect,  lately  published  in  the  Memoirs 
of  the  Astronomical  Society  of  London 
(vol.  ii.).  observes,  **  That  already  at  se- 
veral observatories,  the  observers  have 
been  enabled  to  determine  their  differ- 
ence of  meridians  in  a  few  months  with 
as  much  accuracy  as  they  formerfy  could 
in  as  many  years.**    The  improvement 
introduced  by  M.  Nicolai  conasts  in  the 
choice  of  those  stars  whidi  have  very 
nearly  the  same  dedination  or  distance 
from  the  equator  as  the  moon,  and  which 
.pass  the  meridian  very  soon  after,  or  a 
fittle  before  the  moon.    The  advantages 
of  the  method  are  to  be  found  in  avoiding^ 
a  great  number  of  errors  and  trouble-. 
some  calculations,  which  in  practice 
were  found  to  detract  from  the  value  of 
other  methods,  and  in  the  frequency 
with  which  observations  may  be  made, 
being  eveiy  night  that  the  moon  is  vi- 
sible.    It  was  employed  with  very  great 
success  by  Lieutenant  Foster  on  Oaptain 
Parry*s^last  vojrage  but  one  in  deter- 
mining the  longitude  of  Port  Bowen  in 
Prince  Regent*s  Inlet.     His  observa- 
tions have  been  calculated  and  com-, 
pared  with  those  made  at  the  observa- 
tories of  Greenwich  and  Dublin,  and 
by  the  late  Colonel  Beaufoy  at  Bushey 
Heath ;  and  the  results,  which  will  ap- 
pear in  a  volume  of  the  Astronomicaed 
Society's  Memoirs,  show,  as  far  as  one 
example  can  do  so,  the  great  value  of 
this  method  of  determining  ^e  longi- 
tude on  land. 

None  of  the  previous  methods,  how- 
ever, (except  that  which  consists  in  the 
use  of  chonometers,)  are  adapted  to 
the  situation  of  a  person  on  board  a 
ship.  The  late  Astronomer  Royal,  Dr. 
Aftukelyne,  in  his  Preface  to  the  iVoti- 
tical  Almanack,  observes,  "  It  was 
hoped  that  some  means  might  be  found 
of  using  proper  telescopes  on  shipboard 
to  observe  these  eclipses  [the  eclipses 
of  Jupiter's  Satellites]  :  and  could  this 
be  effected,  it  would  be  of  creat  service 
in  ascertaining  the  longitude  of  a  ship 
from  time  to  time.  In  my  voyage  to 
Barbadoes,  under  the  directions  of  the 
Commmiofiers  of  Longitude,  in  1763, 


MATHEMATICAL  GEOGRAPHY. 


21 


I  made  a  full  trial  of  the  late  Mr,  Ir- 
wifCM  marine  chair  proposed  for  the 
purpose,  but  could  not  derive  any  ad- 
vantage from  the  use  of  it ;  and  consi- 
dering the  great  power  requisite  in  a 
telescope  for  makmg  these  observations 
well,  and  the  violence  as  well  as  irre- 
gularities of  the  motion  of  a  ship,  I  am 
afraid  the  complete  mana£;ement  of  a 
telescope  on  shipboard  will  always  re- 
main among  the  desiderata." 

The   longitude   may,    however,   be 
found  at  sea»  when  the  moon  is  visible, 
by  the  observed  distance  of  the  moon 
either  from  the  sim  or  from  nine  of  the 
principal  fixed  stars  mentioned  in  the 
T^auttcal  Almanack,    This  distance  is 
observed  by  means  of  a  Hadley's  Sex- 
tant.    In  consequence  of  the  moon*s 
quick  motion  in  ner  orbit  she  is  every 
moment  changing  her  situation  in  the 
heavens  with  respect  to  the  sun  and 
stars.  Her  distance,  therefore,  from  the 
sun,  or  a  particular  star,  is  at  one  mo- 
ment of  time  different  from  what  it  was 
at  the  previous  moment,  and  what  it 
will  be  at  the  next ;  so  that  a  particu- 
lar or  given  distance  is  proper  or  due 
to  a  given  moment,  which  moment  will 
be  expressed  or  reckoned  differently  at 
different  meridians,  according  to    the 
apparent  time  of  day.    lliis  difference 
in  the  apparent  times,  bein^  therefore 
due  to  the  difference  of  meridians  wiU, 
converted  into  degrees,  give  the  longi- 
tude.   The  distance  of  me  moon  from 
the  sun,  and  from  nine  principal  fixed 
stars,  b  given  in  the  Nautical  Alma^ 
nock,  for  every  three  hours  of  Green- 
wich time.     Tnis  distance  is  such  as  it 
would  wpear  at   the  centre  of  the 
earth ;  allowance  having  been  made  in 
computing  the  distance  given  in  the 
Almanack  as  well  for  parallax  as  for 
refraction.     The  observed  distance  at 
the  place  the  lon^tude  of  which  is  re- 
quired, is  in  a  similar  manner  to  be 
reduced  to  the  centre  of  the  earth  by 
correcting  for  the  moon*s  and  sun's 
parallax,   and    for    refraction.     The 
apparent  time,  at  the  place  and  mo- 
ment of   observation,  is  obtained  in 
the  usual  manner,  by  taking  the  con- 
temporary altitude  of  the  sun  or  star. 
The  difference  between  this  apparent 
time  and  the  apparent  time  at  Green- 
wich, given  in  the  tables  as  correspond- 
ing to  the  same  distance,    converted 
into  degrees,  will  be  the  longitude  of 
the  ship.    Tliis  method  of  finding  the 
longitude  is  called  the  lunar  method ; 
it  will  generally  give  the  longitude  to 


within  twenty  miles,  frequently  much 
nearer;  it  was  brought  into  general 
use  by  the  exertions  of  Dr.  Maskelyne, 
who,  on  his  voyage  to  St.  Helena,  in 
the  year  1781,  employed  it  with  great 
success. 

The  latitude  and  longitude  of  a  place 
having  thus  been  ascertained,  the  exact 

Sosition  of  that  place  on  the  surface  of 
le  globe  is  determined. 

Chapter  VII. 

To  find  the  Direct  Distance  between 
any  tteo  Places — Decrease  of  Degrees 
of  Longitude, 

Knowing  the  latitude  and  longitude 
of  two  different  places,  the  shortest  dis- 
tance between  them,  measured  on  tlie 
surface  of  the  globe,  may  be  found.  Let 
A  and  B  (fig,  8.)  be  two  places  upon 

Fig.  8. 


the  earth*s  sur&ce,  E  a  Q  the  equator, 
P  the  pole,  A  a  the  latitude  of  A,  BQ 
that  of  B  ;  a  Q,  which  is  the  difference 
of  their  longitudes,  is  known,  as  the 
longitudes  of  both  places  are  supposed 
to  be  known ;  then  A  B,  being  the  arc 
of  a  great  circle  passing  through  A  and 
B,  is  the  shortest  distance,  and  may  be 
found  as  a  side  of  the  spherical  triangle 
A  B  P  by  spherical  trigonometry.  With 
a  trifling  inaccuracy,  the  distance,  A  B, 
may  also  be  determined  mechanically,  by 
means  of  a  common  terrestrial  ^lobe  and 
a  pair  of  compasses .  The  opemng  of  the 
compasses  given  by  applying  the  extre* 
mity  of  either  leg  to  each  place  on  the 
globe,  will  be  the  measure  of  that  arc  of 
a  great  circle  which  lies  between  the 
two  places.  The  number  of  degrees 
contained  in  this  arc  may  then  be  as- 
certained by  applying  the  compasses, 
thus  open,  to  any  graduated  great  circle 
on  the  globe,  or  one  Which  has  the  de- 
grees marked,  such  as  the  equator  or 
ecliptic.  The  number  of  degrees  thus 
found,  being  turned  into  geographi- 
cal miles,  at  the  rate  of  69.044  miles  to 
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a  degree,  will  rive  the  actual  distance  in 
miles.  Thus  tiie  direct  distance  between 
Paris  and  Buenos  Aires  is  99°  24'  35", 
which  is  equal  to  99.41°  nearly.  Mul- 
tiplying this  by  69.044,  will  give  the 
direct  distance  in  miles,  which  is  equal 
to  6863.66404  miles,  or  6863  miles  5 
furlongs  nearly. 

It  has  just  been  taken  for  granted 
that  the  shortest  distance  between  two 
places  on  the  globe  is  the  arc  of  a  great 
circle.  This  may  be  made  evident  by  a 
few  simple  considerations.  The  plane 
of  a  great  circle  passes  through  the 
centre  of  the  globe ;  that  of  a  small 
circle  does  not :  the  radius  of  a  great 
circle,  therefore,  is  greater  than  that  of 
a  small  one,  and  consequently  the  cur- 
yature  or  bending  of  the  former  is  less 
IJian  that  of  the  latter.  And  as  a 
sircaght  line  is  the  shortest  distance  be- 
tween two  points,  so  of  two  curved  lines 
joining  iwo  points,  that  which  is  most 
like  a  straight  line,  i,  e.  the  less  curved 
line  of  the  two,  is  the  shorter ;  and  there- 
fore the  arc  of  a  great  circle,  lying  be- 
tween two  places  on  the  globe,  is  the 
shortest  distance. 

If  we  suppose,  (as  hitherto  we  have 
done,)  that  the  earth  is  perfectly 
spherical,  it  is  evident  that  a  degree  of 
latitude,  being  the  360th  part  of  a  meri- 
dian, which  is  always  a  great  circle, 
must  be  everywhere  of  the  same  length. 
It  is  otherwise  with  degrees  of  longi- 
tude :  except  for  places  upon  the  equa- 
tor, a  de^ee  of  longitude  is  an  arc  of 
a  small  circle,  and  is  less  than  a  degree 
of  longitude  measured  upon  the  equar 
tor,  which  is  a  great  circle.  And  the 
magnitude  of  a  degree  of  longitude  bo^ 
comes  gradually  less  in  proportion  as 
the  distance  from  the  equator  in- 
creases, or  as  the  latitude  increases. 
The  radii  of  the  circles  on  which  the 
longitude  is  measured  (called  the  paral- 
lels of  latitude)  decrease  from  the  equa- 
tor to  either  pole ;  so  that  the  cmjum- 
ferences  of  parallels  of  latitude  decrease 
in  like  manner :  but  the  circumference 
is  alwajrs  equal  to  the  number  of  degrees 
into  which  it  is  divided,  multiplied  by  the 
length  of  each  degree ;  and  as  the  num- 
ber of  degrees  is  tne  same  in  all  circles, 
the  length  of  each  degree  varies  with  the 
circumference,  and  must,  therefore,  de- 
crease from  the  equator  to  the  pole.  The 
precise  measure  or  law  of  this  decrease 
may  be  proved  in  the  following  manner. 
Let  (fig.  9.)  the  arc  AE  represent  a 
degree  of  longitude  ujwn  the  equator 
E  Q  i  ea  a  corresponding  arc  of  a  de-* 


MATHEMATICAL  GEOGRAPHY. 


gree  of  longitude,  measured  ujKmtlke 
parallel  of  latitude  eaq^m  latitudie  A  «. 

Fig.  9. 


Then,  as  the  length  of  a  d^;ree  varies 
as  the  cfrcumference,  and  the  circum- 
ference as  the  radius,  we  shall  have  the 
length  of  AE  to  that  of  ca  at  latitude 
Aa,  as  radius  A O  is  to  radius  ao, 
where  A  O  is  the  radius  of  the  earth, 
and  ao  is  the  radius  of  the  small  dicle 
dag,  the  plane  of  which  is  parallel  to 
the  plane  of  the  equator.  In  plane  tri- 
gonometry, the  radius  ao  is  called  the 
cosine  of  the  arc  A  a,  or  the  cosine  erf 
the  latitude  A  a  ;  hence  the  leiigth  of  a 
degree  of  longitude  at  the  equator  is  to 
the  length  of  a  degree  at  a  given  lati- 
tude A  a,  in  the  proportion  of  the  radius 
of  tlie  earth  to  the  oosine  of  the  latitude  ; 
and  as  the  degree  at  the  equator  and  the 
radius  of  the  earth  are  inyariable,  the 
length  of  a  degree  of  longitude  varies  as 
the  cosine  of  Sie  latitude. 

Chapter  VIII. 

Oblate-Spheroidal  Figure  of  the  Earth 
— Cause  of  this  Figure — Centrtfugai 
Force, 

Thb  various  phtnomena  which  indicate 
the  nature  of  the  earth's  shape  have 
been  already  described.  They  are  suffi- 
cient to  establish  in  a  general  way  the 
roundness  of  the  earth,  but  they  are  at 
the  same  time  of  that  vague  and  indefi. 
nite  character,  as  to  be  incapable  of 
solving  the  more  difficult  problem  of 
the  earth's  specific  and  exact  shape. 
In  order  to  determine  this,  it  has  been 
necessary  to  resort  to  experiments  of  an 
extremehr  delicate  and  tedious  descrip- 
tion, and  to  call  in  the  aid  of  complex 
mathematical  calculations  founded  upon 
the  facts  which  the  experiments  haTe 
brought  to  light.   The  attention  of  some 
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of  the  most  eminent  philosophers  of 
Europe  has  for  many  years  been  given 
to  this  subject ;  and  although  the  true 
figure  of  the  earth  cannot  be  considered 
as  even  yet  determined  with  all  the  pre- 
cision that  is  desirable,  it  is  now  con- 
clusively proved  that  the  earth  is  not  a 
perfect  sphere,  but  of  an  oblate-sphe- 
roidal ♦  form,  bulging  out  at  and  about 
the  equator,  and  flattened  at  the  poles  ; 
and  that  the  equatorial  diameter  is 
longer  than  the  axis  or  polar  diameter. 
The  excess  of  the  equatorial  above  the 
polar  diameter  represents,  when  com- 
pared with  the  whole  diameter,  the 
quantity  by  which  the  figure  of  the 
earth  deviates  from  a  perfect  sphere ;  it 
is  called  the  earth's  eUipticity  or  com- 
pression. 

The  discovery  and  proof  of  the  earth's 
elliptical  shape,  and  the  laborious  un- 
dertakings engaiged  in  for  determining 
the  quantity  of  it,  occupy  some  of  the 
most  interesting  pages  m  the  history  of 
science.  It  is  not  perhaps  to  be  much 
regretted  that  the  person  who  first 
started  the  idea  of  the  earth's  spheroidal 
shape  should  be  unknown.  The  first 
notion  of  it  was  in  all  probability  nothing 
better  than  one  of  those  happy  conjec- 
tures which  have  been  verified  by  sub- 
sequent proofs  ;  but  the  name  of  New- 
ton is  as  intimately  allied  with  the  dis- 
covery of  the  eartn's  true  figure  as  with 
that  of  universal  ffravitation.  In  both 
cases  the  idea  had  been  already  enter- 
tained by  several  philosophers,  but  it 
was  Newton  who  redeemed  the  truth 
from  conjecture,  and  established  it  upon 
the  basis  of  demonstration :  with  respect 
to  the  figure  of  the  earth,  he  proved, 
from  admitted  principles  and  facts,  that 
it  must  of  necessity  be  an  oblate-sphe- 
roid, and  he  assigned  a  ratio  between 
the  equatorial  and  polar  diameters. 

The  true  figure  of  the  earth  is  that 
which  the  particles  composing  it  must 
assume,  in  order  to  be  in  a  state  of  equi- 
librium or  rest :  the  figure,  therefore,  de- 
pends essentially  upon  the  forces  which 
act  upon  these  particles.  The  principal 
of  these  forces  is  the  mutual  attraction 
which  subsists  between  the  particles 
themselves.  Any  other  force  which 
acts  in  a  different  direction  to  this  prin- 
cipal force,  or  with  unequal  intensity 
upon  different  particles,  is  a  disturbing 
force;  it  disturbs  and  deranges  that 
state  or  figure  which  the  whole  mass  of 

*  An  oblate  roheRnd  is  a  aolid  body  which  nay 
be  eoDceived  to  oe  formed  by  the  xerolution  of  aa 
ellipse  or  oral  about  its  leaser  axis. 


the  earth  would  assume  if  affected  only 
by  the  mutual  attraction  of  the  com- 
ponent particles. 

The  method  of  conducting  the  inves- 
tigation of  the  true  figure  of  the  earth, 
is  one  which  is  very  usual  in  mechanical 
philosophy.  The  most  simple  and  strik- 
mg  characteristics  of  the  problem  are 
singled  out  and  considered  alone,  and 
the  result  obtained  from  them  is  after.- 
wards  varied  and  modified  by  the  intro- 
duction of  such  minor  and  more  complex 
conditions  as  are  suggested  by  the  pro- 
blem in  its  true  and  practical  form.  In 
this  manner,  in  the  science  of  mechanics, 
the  first  principles  and  ground-work 
truths  are  ascertained,  upon  the  suppo- 
sition that  the  parts  of  machines  are 
without  weight,  and  that  there  is  no 
such  thing  as  friction,  and  the  effect 
due  in  the  practical  result  to  these  and 
other  circumstances  is  estimated  after- 
wards. 

In  attempting  to  determine  the  true 
figure  of  the  earth,  it  has  accordingly 
been  assumed  in  the  first  instance,  that 
the  earth  is  a  body  consisting  only  of 
fluid  particles  which  move  easily  among 
themselves,  and  that  the  density  of  the 
particles,  or  the  quantity  of  matter  con- 
tained in  the  same  space  is  the  same 
throughout,  and  that  the  earth  is  in  a 
state  of  rest.  If  this  were  the  case,  the 
only  form  in  which  equilibrium  could 
take  place  among  the  particles  which 
compose  the  earSi,  and  which  exert  a 
mutual  and  equal  attraction  upon  each 
other,  is  a  perrect  sphere.  This  may  be 
exemplified  by  adverting  to  the  famdiar 
circumstance  of  drops  or  globules  of 
water,  or  of  quicksilver,  upon  a  perfectly 
smootii  and  dry  plain ;  by  the  force  of 
mutual  and  equal  attraction,  the  parti- 
cles of  which  they  consist,  dispose  them- 
selves in  a  globular  form.  It  is  true, 
that  the  form  of  these  drops  is  not  per- 
fectly spherical,  but  is  rather  fiatt^ed 
at  the  top ;  because  the  force  of  gravity 
which  acts  without  an  equal  resistance 
upon  the  upper  particles,  makes  them 
press  down  upon  the  lower,  and  thus 
deranges  the  effect  which  would  be  pro- 
duced by  their  mutual  attraction  alone : 
but  the  fact  is  sufficient  as  a  popular 
illustration  of  this  conclusion,— that  filiid 
particles  of  an  equal  density,  not  affected 
by  any  external  and  partial  iforce,  would 
assume  the  form  of  ajperfect  sphere  as. 
that  of  a  state  of  equilibrium. 

Now  in  this  statement  it  is  evident, 
that  three  conditions  have  been  intro-. 
duced  which  are  not  verified  in  the. 
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actual  state  and  circumstances  of  the 
earth. 

These  are,  1st.  That  the  earth  is  a 
fluid  body.  2d.  That  it  is  of  the  same 
density  throughout.  3d.  That  it  is  in  a 
state  of  rest.  These  conditions,  there- 
fore, not  bang  fulfilled,  it  is  necessary 
to  inquire  what  alteration  ensues  in  the 
form  of  equilibrium. 

Let  us  fint  take  into  consideration 
tlie  fact  of  the  earth  not  being  in  a  state 
of  rest,  but  having  a  double  motion,  one 
in  its  orbit,  the  other  about  its  axis.  The 
existence  of  motion  in  inanimate  matter 
always  indicates  the  impression  of  an 
external  force.  The  force  represented 
by  this  motion  in  the  earth,  is  therefore 
in  addition  to  that  of  the  mutual  attrac- 
tion of  its  component  particles.  In 
order,  however,  that  it  should  alter  the 
form  of  equilibrium,  it  is  clearly  neces- 
sary that  the  additional  force  should  be 
not  merely  external  but  partial.  The 
earth's  motion  in  her  orbit  has  there- 
fore no  effect  of  this  kind ;  because, 
acting  equally  upon  all  the  partieles,  it 
can  have  no  mfluence  upon  their  mutual 
relation.  The  other  motion  of  the  earth 
about  its  axis  gives  rise  to  very  different 
considerations.  This  motion  is  per- 
formed in  a  plane  perpendicular  to  the 
axis ;  so  that  the  particles  of  which  the 
earth  is  composed  move  in  circles,  the 

§  lanes  of  which  being  perpendicular  to 
le  axis,  are  either  coincident  with,  or 
parallel  to  the  plane  of  the  equator. 
Thus  (in Jig.  10)  the  particle  Q,  at  the 

Fig.  10. 


xL ,^^ 1^  j 

\  t  I 


quator,  moves  in  the  equatorial  circle 
Q  6  £ ;  and  the  particle  L,  lying  between 
the  equator  and  the  pole,  moves  in  the 
circle  h/g,  which  is  parallel  with  the 
equator.  And  as  the  circles  which  are 
thus  described  by  vaiious  particles,  are 
all  described  in  the  same  time  (namely 
the  time  of  an  entire  revolution  of  the 


earth  about  its  axis  or  a  sideresl  day), 
it  is  evident  that  different  parts  of  the 
earth  will  be  differently  affected  by  the 
motion  of  rotation : — immediately  under 
the  poles  there  exists  (so  far  as  this  mo- 
tion is  concerned)  a  state  of  perfect  rest; 
but  in  passing  from  the  poles  to  the 
equator,  the  motion  of  rotation  begins 
and  becomes  quicker  and  quicker  (be- 
cause in  the  same  time  a  greater  space 
or  circle  is  described) ;  till  arriving  at 
the  equator,  which  is  the  largest  circle, 
the  plane  of  which  is  perpendicular  to 
the  axis,  it  has  obtained  its  ^atest  ve- 
locity.  This  motion  of  rotahon  gives  to 
all  tne  particles  affected  by  it,  a  ten- 
dency to  fly  off  from  the  centre  of  rota- 
tion, and  communicates  to  them  what  is 
therefore   called    a   centHfugal  force. 
The  mutual  attraction  of  the  earth's 

§  articles,  or  their  gravitating  force,  is 
irected  towards  *  the  centre  of  the 
earth,  this  is  called  a  oenttipetal  or  cen- 
tre-seeking force.  The  combination  of 
these  two  forces,  the  centrifugal  and 
centripetal,  will,  as  tliey  are  in  different 
directions,  and  as  the  former  acts  in 
the  partial  manner  we  have  describedi 
produce  a  material  alteration  in  the 
form,  which,  under  the  action  of  the 
latter  alone,  the  particles  of  the  earth 
would  have  assumed  as  a  state  of  equi- 
Ubrium.  For  it  is  evident  that  as  the 
centrifugal  force  caused  by  ihe  motion 
of  rotation  is  in  dinunution  of  the  centri- 
petal force  of  gravity,  the  particles  af- 
fected by  this  centrifugal  force  must 
give  way  to  those  which  are  not  affected 
by  it,  and  thus  be  pushed  away  from  the 
centre  of  the  earth ;  those  also  which  are 
more  affected  by  it,  will  give  way  to  those 
which  aie  less  so,  and  will  recede  still 
farther  from  the  centre  of  the  earth ;  so 
that  in  order  now  to  preserve  equilibrium 
among  themselves,  thera  must  be  a  de- 
crease in  the  number  of  particles  which 
have  the  greatest  tmitvtaua/ gravitating 
force,  and  a  proportionate  increase  in 
the  number  of  particles  which  have  a 
diminished  gravitating  force. 

There  are  two  reasons  for  the  centri- 
fugal force  caused  by  the  motion  of  the 
earth  about  its  axis,  being  ereatest  at 
the  equator,  and  gradually  £minishing 
towards  the  poles.  The  motion  of  the 
earth  on  its  axis  being  eveiy  where  in  a 
plane  to  which  the  axis  is  perpendicular, 

^  *  This  is  not  strictly  true :  tke  direotioa  of  fFft> 
Titj  is  always  perpenaicalar  to  the  svrfaeet  and 
therrfore,  (the  earth  not  hnng  a  sphere)  it  doea  aot 
PMS  throof  h  the  eeatre,  bat  onlj  near  the  ceBlre,  bat 
this  distinetioa  may  be  disresvded  ia  Ch«  preMBt 
•xplaaatioa. 
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the  particles  lying  imder  the  equator 
move  in  the  circle  of  the  equator ;  all 
other  particles  between  the  equator  and 
the  poles  move  in  circles  parallel  with 
the  equator.  Hence,  particles  moving 
in  the  equator  have  the  ^atest  velo- 
city and  the  greatest  centrifugal  force ; 
these  nearer  me  equator  a  greater  velo- 
city and  a  greater  centrifugal  force  than 
those  particles  which  are  more  distant 
from  tne  equator.  Moreover,  the  dii*ec- 
tion  of  the  centrifugal  force  communis 
<$ated  by  this  motion  is  always  o))positA 
to  the  direction  of  the  radius  of  the 
different  circles  in  which  the  particles 
move ;  thus  ifLd  (Jiff. 10),  be  the  radius 
of  the  circle  in  which  a  particle  at  L 
moves,  the  direction  of  the  centrifu^ 
force  atL  will  be  La,  and  the  direction 
of  the  centrifugal  force  at  Q,  in  the 
equator  will  be  Q  9,  Q  C  being  the 
radius  of  the  equator  and  also  of  the 
earth.  Now  gravity  or  the  centripetal 
force  is  always  in  a  direction  peipendi- 
cular  to  the  surface,  and  therefore  it  is 
only  at  the  equator,  that  this  is  exactly 
in  an  opposite  direction  to  the  centri- 
fugal force.  At  L  for  instance,  if  L  a 
be  taken  as  in  the  direction,  and  as  also 
representing  the  quantity  of  centrifugal 
force  there,  it  mav  be  resolved  in  two 
directions  ab,  L  o,  one  of  which  only, 
a  5,  is  directly  opposed  to  the  force  of 
gravity,  while  the  other  is  jperpendicular 
to  the  direction  of  gravity,  and  is  a 
tan^nt  to  the  surface,  and  does  not 
diminish  the  force  of  gravity.  Hence 
it  follows,  that  in  the  equatorial  regions, 
where  the  directions  of  gravity  and  of 
the  centrifugal  force  are  Doth  perpen- 
dicular to  the  surface,  the  two  forces 
become  altogether  opposed  to  each 
other,  and  the  whole  amount  of  the  cen- 
trifugal force  of  rotation  takes  effect  in 
diminution  of  the  force  of  gravity.  But 
in  parts  distant  from  the  equator  (as  at 
L),  a  portion  only  of  the  centrifugal 
force  (viz.  a  b),  and  that  in  its  diminished 
state,  acts  in  opposition  to  the  force  of 
gravity ;  the  rest  of  it  (viz.  L  b)  is  in 
Qie  direction  of  a  tangent,  and  tends 
towards  the  equator. 

In  order,  therefore,  that  equilibrium 
may  now  be  preserved  amons  the  com- 
ponent particles  of  the  earth,  a  great 
accumulation  of  particles  takes  place  in 
the  equatorial  regions,  which  l^  their 
number  compensate  their  deficiency  in 
^avitating  force.  And  this  effect  is 
increased  by  that  part  of  the  centrifugal 
force  acting  between  the  poles  and  the 
equator,  which  is  in  a  tangent  direction 


to  the  ear1h*s  sur&ce,  and  which  tends 
to  thrust  down  the  particles  on  which  it 
acts  towards  the  equator.  Hence  the 
equatorial  regions  are  elevated  above 
the  polar,  and  the  height  of  all  other  in- 
termediate parts  is  in  some  proportion 
of  the  distance  of  those  parts  from  the 
equator.  This  is  the  alteration  pro- 
duced in  the  figure  of  equilibrium,  by 
the  diurnal  rotation  of  the  earth  upon 
its  axis. 

But  the  earth  being  neither  altogether 
fluid,  nor  of  the  same  density  through- 
out, we  must  introduce  some  qualifica- 
tions into  the  result  we  have  just  ar- 
rived at.    The  earth  bein^  partly  solid, 
the  particles  of  which  it  is  so  &*  .com- 
posed do  not  move  easily  among  them- 
selves, but  have  an  attraction  of  co- 
hesion which  opposes  a  certain  resis- 
tance to  the  operation  of  the  centri- 
fugal force  caused  by  its  motion  of  ro* 
tation.    This  neutralizes  and  destroys 
part    of   the   centriAigal   force,    and 
makes  the  earth*s  ellipticity  to  be  less 
than  it  would   be  if^  the  earth  were 
altogether  fluid.     But  the  centrifugal 
force  is  not  altogether  destroyed  by  the 
attraction   of  cohesion;    for  it  must 
have  devated  even  the  solid  parts  of 
the  equatorial  regions  ;  were  it  not  so, 
the  waters  of  the  ocean,  not  being  re- 
strained in  their  motion  by  the  same 
attraction  of  cohesion,  would  all  have 
set  towards  the  equator  in  order  to 
restore  the  equilibrium  which,  by  the 
diminution  of  the  centripetal  force  of 
gravity  there,  had  been  disturbed,  and 
would  thus  have  overflowed  the  land  at 
the  equator  and  left  the  polar  regions 
dry.     It  may  here  be  remarked,  that 
the  two  constant  currents  in  the  sea, 
which  are  observed  to  set  from  both 
poles  towards  the  equator,  may  perhaps 
be  accounted  for,  by  the  action  of  that 
part  of  the  centrifugal  force  which  is  in 
the  direction  of  a  tangent  to  the  earth's 
surface  and  towards  the  equator.     The 
waters  of  the  sea,  having  no  attraction 
of  cohesion,  would  obey  the  impulse  of 
this  force  fireely,  as  it  is  not  opposed 
to  the  force  of  gravity.    The  westerly 
set  of  the  same  currents  may  be  as- 
cribed to  their  continually  advancing 
into  regions  which  have  a  greater  east 
er/y  motion  of  rotation. 

The  effect  produced  by  the  vaiying 
density  of  the  earth,  which  increases  to- 
wards the  centre,  has  l)een  proved  by 
Clairaut,  a  celebrated  French  mathe- 
matician, to  be  a  diminution  of  the  ob* 
lateness  of  the  earth,  so  that  from  this 
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cause  the  height  of  the  equatorial 
regions  is  somewhat  less  than  on  the 
supposition  of  an  equal  density ;  which 
is  contrary  to  what  Newton  supposed 
would  be  the  effect  of  an  increase  of 
density  towards  the  centre. 

Tlie  result  of  Newton's  inquiry  intd 
the  figure  of  the  earth  was,  that  th6 
equatorial  diameter  of  the  earth  is  to 
the  polar  as  230  :  229 ;  from  this  ratio 
theellipticlty  of  the  earth  would  be  ex- 

Sressea  by  the  fraction  i|r ;  or  the  polax 
iameter  would  be  less  than  the  equa- 
torial by  the  229th  part  of  the  whole, 
and  the  e(^uatorial  regions  would  be 
about  17  miles  higher  than  the  polar. 

A  very  simple  mathematical  process 
will  enaole  us  to  exhibit  the  value  of  the 
centrifugal  force  at  any  point  of  the 
earth's  surface. 

LetC  (Jig.  10),  be  the  centre  of  the 
earth,  Vp  the  polar  axis,  E  Q  the  equa- 
tor, L  a  particle  acted  upon  by  the  cen- 
trifugal lorce  at  any  latitude  L  Q  or  x  j 
from  L  let  ftll  L  d  perpendicular  to  the 
polar  axis,  L  d  will  be  the  radius  of  the 
circle  of  rotation  at  latitude  x,  and  C  Q 
will  be  that  of  the  equatorial  circle  of 
rotation,  and  is  the  same  with  the  radius 
of  the  earth. 

Now  the  whole  amount  of  centrifugal 
force  varies  as  the  velocity ;  for  motion 
or  velocity  is  the  producing  cause  of 
it,  and  the  velocity  of  rotation  of  dif* 
ferent  parts  of  the  earth's  surface  varie* 
as  the  circle  of  rotation,  and  therefore 
varies  as  the  radius  of  that  circle:— 
hence  the  centrifugal  force  at  any  point 
L,  varies  as  L  d,  which  is  the  sine  of 
P  L,  or  the  complement  of  the  latitude, 
or  the  entire  centrifugal  force  varies  as 
the  cosine  of  the  latitude. 

Take  L  a  to  represent  the  whole  cen- 
trifugid  force  at  L,  resolve  this  hi  direc- 
tions Jjby  ab,  perpendicular  and  pa-> 
raUd  to  that  of  gravity :  then  a  6  is  the 
orily  part  of  the  centrifugal  force  which 
directly  opposes  the  force  of  gravity. 
From  u  let  fall  L  /,  peipendicular  to 
C  Q,  then  L  a  6  and  L  C),  are  similar 
triangles,  and  iz6:La;:c/:CL,  so 
that  a  b,  or  the  centrifugal  force  opposed 

to  gravity^is  equal  to  Lax^^  =  La  x. 

cos.  X  =  whole  centrifugal  force  at 
L  X  COS.  X.  Now  the  miole  centri- 
fugal force  we  have  shown  to  vanr  as 
the  cos.  of  the  latitude ;  therefore  whole 
centrifugal  force  at  L  :  centrifugal 
force  at  the  equator  : :  cos.  x  :  1,  for  at 
the  equator  the  latitude =o  and  cos.  o= 
radius ;  but  the  centrifogal  force  at  the 


equator  is  found  to  be  g|,  part  of  the 
force  of  gravity  there,  or  ib  equal  to 
jI,,  if  ^  represent  the  force  of  gravity 
at  the  equator.  Hence  the  who&  cen- 
trifugal force  at  L  =  jf,  cos.  x,  and 
substituting  this  in  the  equation  for  the 
centrifugal  force  at  L,  opposed  ta  gra- 
vity, wfich  we  may  call  F,  P  =  ,|, 
cos.  "  X,  and  varies  as  cos.  »  x. 

Tlie  value  of  the  other  part  of 
the  force  L  ft,  which  acts  in  a  tan- 
gent to  the  surface,  may  now  be  easily 

found,  for  L  6  =  is/h  a  •  —  a  A  •  s= 

V  Cjfi  cos.  X)  •  -  (,!,)  «  COS.  ^  JU 
=*    Av   COS.    X.     4JI  —  COS.  •  X.    s=    j|, 

COS.  X.  sin.  X. 

Chaptbji  IX. 

Oblate  Figure  0/ Jupiter,  Saturn  and 
Mare — Pendulum  Experiments, 

In  the  foregoing  chapter  we  have  ex- 
plained the  causes  which  have  produced 
the  earth's  ellipticity.  We  now  proceed 
to  the  vai'ious  e\adences  of  tms  fact 
which  have  been  derived  from  observa- 
tion and  experiment. 

As  the  same  causes  must,  under 
similar  circumstances,  produce  similar 
effects,  it  was  just  to  suppose  that  if 
the  reasoning  by  which  the  earth's  ellip- 
ticity  is  established  be  coirect,  the  other 

Elanets  of  the  solar  system,  would  ex- 
ibit  the  like  appearance  of  a  flattening 
at  their  poles  and  a  bulging  out  of  their, 
equatorial  parts;  for  tlieir  component 
particles  are  under  similar  circumstances 
of  mutual  attraction,  of  equilibrium,  and 
of  rotation  about  an  axis^.  This  was 
the  rather  to  be  looked  for,  because  of 
the  analogy  or  resemblance  which  is  to 
be  traced  in  the  principal  features 
of  the  solar  system..  Ihus,  among 
other  analogies,  the  orbits  of  all  the 
planets  revolving  round  the  sun  are 
elliptical;  the  squares  of  their  peri- 
odic times,  or  the  times  of  their  revo- 
lutions, are  in  proportion  to  the  cubes 
of  their  mean  distances  froin  the  sun, 
and  the  forces  by  which  they  gravitate 
towards  the  sun  are  inversely  as  the 
squares  of  those  distances.  The  sup- 
position of  an  ellipticity  in  the  planets 
similar  to  that  which  is  observed  in  the 
earth,  was  first  verified  in  the  planet 
Jupiter.     This  planet    completes    his 

*  We  mast  except  from  the  generality  of  tlii« 
remark  the  planets  uraniui,or  Georriiiiii  Sidas,  which 
is  too  distant,  and  Jnoo,  Vesta,  Cere«,  and  Pallas, 
trhieh  are  too  smaU  to  admit  of  any  observations 
by  which  to  asoertaia  whether  ihey  rev^lTe  ^bout, 
an  axis  oV  not. 
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daily  rotation'about  his  axis  in  9  hourt 
and  56  minutes ;  the  centrifugal  force 
exerted  upon  him  is  therefore  consider- 
ably greater  than  that  which  affects  the 
earth ;  and  the  density  of  Jupiter  is  less 
than  that  of  the  earth.  Hence  the  figure 
of  Jupiter  ought  to  be  much  more  ob- 
late or  compressed  at  tlie  poles  than  the 
earth  is.  This  was  found  to  be  the  case 
by  an  astronomical  admeasurement  of 
his  diameters.  The  equatorial  diameter 
of  Jupiter  is  to  the  polar  as  13  :  12,  and 
is  longer  than  the  polar  by  about  6230 
miles.  Saturn  and  Mars  exhibit  the 
same  oblate- spheroidal  appearance.  The 
other  planets  do  not  oner  facilities  for 
ascertaining  the  effect  of  a  centrifugal 
force  upon  them.  "With  resjject  to  the 
moon,  her  motion  about  her  axis  is  too 
slow  (being  performed  in  29|  days)  to 
produce  enough  centrifugal  force  to 
make  a  difference  in  her  diameters, 
arising  from  this  cause,  observable. 
She  has,  it  is  true,  a  spheroidal  form, 
but  this  is  owing  to  the  attraction  of  the 
earth,  which  is  four  times  greater  than 
what  is  caused  by  her  motion  of  ro- 
tation. 

The  horizontal  parallaxes  of  the  moon 
furnish  another  though  subordinate 
proof  of  the  earth's  spheroidal  form.  If 
the  earth  were  a  perfect  sphere,  these 
paraJlaxes  would  oe  the  same  for  all 
places  upon  the  earth's  surface — if  a 
spheroid,  they  would  be  different  at 
different  places;  and  this  is  actually 
the  case ;  so  that  the  same  heavenly 
body  which  by  her  eclipses  indicates 
the  earth  to  be  round,  by  her  paiallaxes 
shows  it  to  be  not  truly  sp^hencal. 

But  the  more  direct  evidence  of  the 
existence  of  a  centrifugal  force  and  of 
the  eartii's  ellipticity,  and  the  means  of 
determining  the  amount  of  it,  are  to  be 
looked  form  the  experiments  made  with 
the  pendulum,  and  in  the  measurement 
and  comparison  of  the  lengths  of  de- 
grees of  the  meridian  in  different 
latitudes. 

The  nature  of  the  evidence  afforded 
by  pendulum  experiments  may  be  ex- 
plained by  a  reference  to  a  few  very 
obvious  principles. 

The  centrifugal  force  caused  by  the 
earth*s  rotation  is  (we  have  seen) 
greatest  at  tlie  equator  and  decreases 
towards  the  i>oles;  this  centrifugal 
force,  either  in  its  whole  quantity  or  in 
part,  acts  in  a  direction  opposite  to  that 
of  gravity,  and  therefore,  being  greatest 
at  the  equator,  it  diminishes  the  force  of 
gravity  at  the  equator  by  the  greatest 


Quantity.  Hence,  bodies  are  lightest  at 
we  equator,  and  their  weight  gradually 
increases  as  we  proceed  towards  the 
poles,  where  it  is  greatest.  The  pendu- 
lum of  a  clock  performs  its  vibrations, 
or  swinging  motion  to  and  tro,  by  being 
acted  upon  by  the  fbree  of  gravity. 


If, therefore, two pendiilums Sp,  So 
(fig,  11),  be  taken  of  the  same  length, 
and  the  same  substance  or  density,  and 
be  hun^  from  the  same  point  S,  and 
S  P  beuie  vertical  position  oTboth,  and 
they  be  made  to  fall  from  equal  dis- 
tances from  P,  it  is  evident  they  will 
move  through  the  equal  spaces  P^;  and 
P  j/  in  exactljr  the  same  time,  because 
the  force  which  causes  their  descent 
(namely  that  of  gravity)  is  equal  in  both 
cases.    But  if  one  of  these  pendulums 
(S  p)  be  made  to  swing  at  the  equator 
(bemg  let  fall  from  the  same  height  as 
before),  and  the  other  (S  p')  at  some 
place  between  the  ec[uator  and  the  poles 
(say  at  Paris),  the  tune  of  Sp  amving 
at  P  will  be  longer  than  the  time  in 
which  S  i/  will  move  through  the  same 
space;    because  the  force  of  gravity, 
which  causes  and  accelerates  the  mo- 
tions of  both,  is  less  at  the  equator  than 
at  Paris.  But  if  we  shorten  the  equator 
pendulum  by  some  determinate  quan- 
tity, it  may  be  made  to  perform  its  vibra- 
tions in  the  same  time  with  the  Paris 
Sendulum;    for   it  will  then  have  to 
escribe    a   similar    arc  of  a  smaller 
circle  or  a  less  space,  and  a  less  ac- 
celerating force  will  enable  it  to  de- 
scribe this  space   in  the  same  time. 
Such  is  the  effect  of  the  centrifugal 
force  upon  the  vibrations  of  the  pendu- 
lum in  different  latitudes.  The  existence 
of  it  was  fu-st  detected  by  Kichter,  a 
French  astronomer,  who,  in  the  year 
1672,  was  sent  to  make  astronomical 
observations  in  the  island  of  Cayenne, 
which  is  not  quite  5°  north  of  the  equar 
tor.  Sir  Isaac  Newton  has,  in  his  Pnn* 
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cipia,  described  the  particulars  of  the    to  one  another,  the  terrestrial 
discovery.    He  says,  that  when  Richter    cannot  have  the  same  curvatiire  in  every 
was,  in  the  month  of  August,  observing    part,  and  is  therefore  not  a  circle ;  and 
the  transits  of  the  fixed  stars  over  the    consequently,  the  figure  of  the  earth  on 
meridian,   he  found  his   clock   to  go    the  surface  of  which  the  meridian   is 
slower  than  it  ought,  in  respect  of  the    traced  cannot  be  a  perfect  sphere.  Now 
mean  motion  of  me  sun,  at  the  rate  of    it  has  been  found  by  trial,  that  to  raise 
2'  28^  a  day.    Therefore,  setting  up  a    the  pole  star  by  a  quantity  equal  to  a 
simple  pendulum  to  vibrate  in  seconds,  celestial  degree,  an  observer  must  travel 
which  were  measived  by  an  excellent  over  a  greater  and  increasing  space  as 
clock,  he  observed  the  length  of  that  he  proceeds  from  the  equator  to  the 
simple  pendulum ;  and  this  ne  did  over  pole.    Hence  it  follows,  that  the  degrees 
and  over  every  week  for  ten  months  of  a  meridian  line  on  the  earth,  or  de- 
together;  and  upon  his  return  to  France,  grees  of  latitude,    gradually  increase 
comparing  the  length  of  that  pendulum  n^om  the  equator  to  the  pole ;  the  men- 
with  the  length  of  the  pendulum  beating  dian  has,  therefore,  less  curvature  at  the 
seconds  at  Paris,  he  found  it  shorter  by  poles  than  at  the  equator,  and  the  earth 
Inline.*  In  accounting  for  this  difference  upon  which  it  is  traced  is  not  a  perfect 
in  the  length  of  the  two  pendulums,  New-  sphere,  but  is  flattened  at  the  poles, 
ton  allowed  |th  of  a  fine  a&the  utmost        It  is  not  to  be  immediately  concluded 
that  could  be  attributed  to  the  extension  from  this  that  the  earth  is  a  regular 
of  the  pendulum  by  the  heat  of  thedi-  oblate- spheroid ;  but  it  has  been  lustly 
mate;   the    difference,  or  ly*,  hne  by  remarked,  that,  though  it  is  only  by 
which  this  pendulum  was  shorter  than  experiment  that  the  true  figure  of  the 
the  Paris  one,  was  made  necessary  by  meridian  can  be  discovered,  it  has  been 
the  less  gravity  of  bodies  at  and  near  found  necessary   to    assume  hypothe- 
the  equator.  From  this  fact  he  obtained  tically  (or  by  way  of  supposition),  that 
the  same  conclusions  he  had  before  de-  its  figure  is  the  curve  next  in  simplicity 
duced  firom  theory  alone,  namdy,  that  to  the  circle,  viz.  the  ellipse,  and  also  to 
the  equatorial  diameter  of  the  earth  suppose  that  the  earth  is  a  spheroid 
was  greater  than  the  polar  by  the  229th  generated  by  the  revolution  of  this  el- 
part  of  the  whole  diameter.    Since  that  upse  about   its  shorter  axis ;    for,  in 
time  observations  upon  the  len^s  of  many  complex  cases,  this  mode  of  get- 
nendulums  beating  seconds  in  different  ting  near  me  truth  by  probable  suppo- 
latitudes,  have  been  made  with  great  sitions,  has  been  found  the  simplest  and 
assiduity  by  scientific  men  of  all  coun-  most  convenient  to  be  pursued ;  the  only 
tries ;  but  recent  experiments  tend  to  caution  to  be  observecC  is  to  submit  the 
show  that  the  earth's  ellipticity  is  not  so  supposition  first  made  to  the  test  and 
great  as  ,4, ;  the  fi^ction  f  W  is  the  correction  of  actual  experiment    This 
value  which  results  from  the  latest  in-  caution  has  been  carefully  attended  to  in 
yestigations.  the  matter  we  are  discussing,  1^  the 

measurement  and  comparison  of  degrees 

Chapter  X.  at  various  parts  of  the  earth's  surface. 

ufon  the  Earth »  Surface.  ^^^^  themselves  in  the  way  of  an 

The  remaining  evidence  of  the  earth's  actual  and   mechanical  measurement, 

ellipticity  is  the  different  lenp;ths  of  de-  The  general  features  of  a  country  are 

CTces  of  the  meridian  arc  m  different  such  as  to  make  any  attempt  of  this 

latitudes.  kind  unadvisable;   a  great  number  of 

A  degree  of  a  meridian  is  that  portion  almost  conjectural  allowances  must  be 

of  it  wmch  must  be  travelled  over,  in  admitted  into  such  a  plan  of  operations, 

order  to  change  the  altitude  of  any  par-  which  forbid  our  placing  much  con- 

ticular  star,  bj^  the  360th  part  of  the  fidence  in  the  result    The  first  modem 

imaginary  meridian  circle  in  the  hea-  measurement,  having  any  just  claim  to 

vens :  if  the  spaces  travelled  over  in  accuracy,  was,  however,  made  in  this 

different  parts  of  the  same  terrestrial  manner.    This  was  the  measurement  bj 

meridian,  in  order  to  produce  this  change  Norwood,  in  1 635.    The  arc  measured 

in  the  altitude  of  a  star,  be  not  equal  was  that  part  of  the  meridian  which  lies 

_^ . between  London  and  York.    The  <Uf- 

•  A  line  i.  a  .mall  Fr«ch  i»e«mr«  eqn.1  to  the     ^^^^""^  <>/  ^«  latitudes  of  these  cities 

twelfth  ptrt  of  on  uck,  was  first  ascertained;    this  gave  the 
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number  of  demes  in  the  arc  to  be  mea- 
sured;  the  distance  between  the  two 
cities  was  then  actually  measured ;  and 
the  turnings  and  windmgs  of  the  road, 
and  the  ascents  and  descents,  were  allow- 
ed for  afterwards.    The  length  of  a  de- 
gree  thus  determined  was  122,399  Eng- 
sh  yards ;  which,  notwithstanding  the 
extreme  liability    of  this    method  to 
error,  is  not  very  far  from  the  truth ; 
according  to  the  latest  determinations, 
the  length  of  a  degree  between  these 
latitudes  is   1 2 J, 660  yards.     The  only 
other  instance  of  the  actual  measure- 
ment of  an  arc  of  the  meridian  is  that 
of  Messrs.  Mason  and  Dixon.    They 
measured  an  arc  of  the  meridian  of 
179,359.313  English  yards  in  length,  in 
the  state  of  Pennsylvania.  An  account  of 
this  measurement  is  given  in  the  Philo- 
sophical Transactions  for  the  year  1 768. 
The  other  and  more  accurate  mode  of 
finding  the  length  of  a  degree,  is  a  com- 
bination of  actual  measurement  and  of 
trigonometrical    calculations    founded 
upon  it.    All  geodesical*  operations  (as 
they  are   called)  are    now  conducted 
according  to  this  method.    Two  places 
are  selected  which  lie  under  the  same 
meridian,  or  nearly  so ;  the  difference  of 
their  latitudes,  which  gives  the  number 
of  degrees  in  the  arc  to  be  measured,  is 
then  ascertained  with  the  utmost  pre- 
cision,   A  base  line  of  a  few  miles  in 
extent,  and  at  some  little  distance  irom 
the  meridian  arc,  is  then  very  carefully 
measured ;  this  is  the  only  actual  mea- 
surement which  need  be  made.  The  ex- 
tremities of  this  base  line  are  connected 
with  the  extremities  of  the  meridian  arc, 
by  imaginary  triangles;  the  sides    of 
which  are  not  measured,  but,  by  the  aid 
of  the  base  line,  and  by  means  of  the 
angles  of  the  triangles,  which  are  all 
ascertained  by  an  instrument  for  mea- 
suring angles,  are  determined  hy  trigo- 
nometricsd  computation.    This  mode  of 
ascertaining  the  length  of  the  meridian 
will,  however,  be  set  in  a  clearer  light 
by  following  the  steps  of  the  process  in' 
the  subjoined  figure. 

Let  {fig,  12)  M  m  represent  a  meri- 
dian arc ;  the  difference  of  latitudes  of 
the  two  extremities,  M  and  m,  being 
found,  the  length  of  a  degree  in  the 
latitude  of  M  and  m  will  be  the  length 
of  the  whole  arc  divided  by  the  nimiber 
of  d^prees  contained  in  it. 

A  level  plain  is  then  to  be  selected, 

*  From  two  Greek  words,  which  eombiaed,  tiguff 
%  diriding  or  apportioning  of  the  earth. 


on  which  a  base  line  A  B  Is  measured ; 
the  two  extremities  of  tliis  line  are  to 


be  connected  with  the  two  extremities 
of  the  arc  M  m,  by  a  series  of  triangles. 
For  this  purpose  convenient  stations 
are  fixed  upon,  such  that  the   three 
stations  situate  in  the  three  angles  of 
every  triangle  may  be  visible  to  each 
other.   Let  C,  D,  E,  be  the  stations 
fixed  upon,  tiiese  are  supposed  to  be 
connected  together,  and  with  the  points 
M,  m,  by  the  imaginary  lines  which 
form  the  various  triangles  ABC,  BC  m, 
ACD.  ODE,  and  DEM.  Then  the  angles 
by  which  the  two  stations  C  and  B, 
appear  to  be  separated  from  each  other 
wnen  viewed  firom  the  station  A,  is  ob- 
served. This  observation  gives  the  angle 
CAB  of  the  triangle  A  B  C ;  the  other 
angles  of  this  triangle  are  observed  and 
determined  in  the  same  manner,  and  the 
side  A  B,  which  is  the  base  Une,  being 
known  fi-om  measurement,  the  other  two 
sides  AC,  B  C,  may  be  computed  by 
plane  trigonometry.    By  this  means  we 
obtain  a  side  of  each  of  the  triangles 
B  C  m,  A  C  D,  and  are  enabled  to  con- 
tinue the  process  without  measuring^ 
any  more  sides.  The  angles  of  these  tri- 
angles are  measured  as  in  Uie  case  of 
the   first,  and  their  sides  are  ascer- 
tained in    like  manner  by  trigonome- 
try ;  and  by  proceeding  in  a  siimlar  way 
in  the  resolution  of  the  whole  series  of 
triangles,  the  sides  and  angles  of  all  are 
determined.  The  remaining  step  in  the 
field  proceedings  is  to  ascertain  the  in- 
clination of  the  lines  M  D  and  B  m,  to 
the  meridian    are;  astronomy  affords 
the  means  of  doing  this.  From  thedat% 
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ftanshed^theae  operation*,  thelwigth  Houndow-heaUi  with  asted  chftm  rf 
of  the  arc  M  « IS  detennmwl  in  the  fol-  exquisite  workmanship.  ThTw^f^af 
lowing  manner  :-fromM  and  D,  draw    had  been  measured  tLe  yeSTLfc^ 

paraUd  with  the  mwidian  hne,  meeting  the  two  measufemente  (in  a  ^^h^ 

each  other  m  a;  Bb.A  b,  A  c,Bc.  *ye  mUes)  differed  only  2?  inchS^^ 

m  d.  B  rf  are  also  drawn  so  as  to  be  French  base  was  mea/ur^  with^T^* 

respectivdy  perpendicular  to  and  pa-  platina.  that  in  LapZdwX r^S 

evident  that  the  length  of  M  »» is  equal    the  chanfses  of  temD«ai,u*  ^!^- 
tothesmnoftfietengthsofaDjA,    the lengthlf tte r jTKru,^^ 
cB.  B<i  which  a«  Found  thus  :-the    operation.    In  a  previous  im^S^^ 
indination  of  M  D  to   the  meridian    in^apland,  the  French  mK^" 
having  beenaheady  determined  by  an    Older  to  guard  aStth^eS^J^f^" 
astronomical  "bservadon.  the  angle  D    tracting  eKoW  ujn  ^*  t^?' 
Mamthe  nght-angled  trianrie  DMa    ployed  rods  of  deal-  Unsw^Sfm^S: 
IS  known  from  it.  and  the  si#e  M  D  is    n«i„«,y  in  that  ieS^  Sf^ 
t^M^T'-  '"^  ^^^  ^"^^  ^  ^"^    was  performed  in  the  S!t^i^^ 
i       ^J?  I'^J'  ^  "^  fV'y,  **  """^  ^    the  rfx)2en  surface  of  aiW  wTsKj 
computed  by  trigonometrical  tables.  In    for  the  base  line,  with  a  ^wV^hJll^ 
a  sunilar  manner  the  sides  6  A.  c  B,    as  level  a  plain  m  Doarihir^  it  ;=         , 
rfB  are  computed,  and  the  sum  of  the    also,  in  o^te^tiU  cl^L^ 
whole  gives  the  length  of  the  meridian    of  the  iteodes^I^^«  t^T"^^" 

Z  wS{,*f .^  W  "^  ''J'^'  ^  towUstt^lnfMif^gS^ 

the  length  of  the  whole  arc  divided  bv  base  of  verification     wr>^  ^~.* 

the  number  of  de«*es  contained  iTit.^  ste4l  thft  tL"^d  J^^f ^^ 

Pioard  was  the  first  person  who  mea-  triangles  (with  the  «^K„,lTf  l^f  ^ 

rS^; J'l«?]rf^*"' ""  P«*nned  triangle)  are  not  me^S^  buTc^! 

Wi  the  yw  1670;  the  arc  commenced  puted:  to  verify  all  IhemBviou, t?^ 

near  Pam.  and  extended  northward;  »n  the  process.  S^eleiwUiKfoffE! 

the  result  of  the  measurement  wve.  aj  sides  o?  the  HiaZesTSfit  iL  bL2  j'T 

the  length  of  a  degree  m  latituSe  m",  duced  from  coZut^on^  k  co^a^ 

v^f  2A.r-"*  ^^^   r'y  «»  ^*  its  length VternSk^  W  SS 

Kio^ex^f  lenX  r"<>««»"  measui^menrihe  siderfthJtriS 

Shin? ^!  s    «     *®°8™5,  an  accuracy  thus  measured  is  called  a  base  of  ^ 

rSnUa^'""^  •"PP"'^  **  '^  •»"»*«  «ftion  andistakenasferi^fa^t^ 

Since  tins  period  .«»  of  meridi«.  Sft^^th^'^^roSuTs'tSbtfe 
hncs  have  been  measured  in  various  of  verification  was  diStehveS  fc 
countries,  as  well  m  intermediate  lati-    and  500  miles  from  toTfiS;  b^  ^d 

provT™^mLtgL        ""^'^  *^P^      .  From  aninspection  of  the  table  before 
F      «*  luctti^uremenig ,-  ^ven,  it  appears  that  the  length  of  a 

L^t,ide.      Bjjjju>  ^jjjjj^     c«u..^.  degree  from  the  equator  to  Uie  pole  in- 

I      0°  0'  0"    56749  60480.«  Peru  creases—the    curvature  therefore   di- 

;    11    0    0     56755  00486.6  India*.  «"I"?hes,  and  the  earth  is  not  a  sphere 

8    45   0    0      57011  60759.4  Prance.  ^^}  is  flattened  at  the  poles,  and  the 

1    f!  on  J      ^'^^'^'^  ^«8«-«  England.  P°?^  diameter  is  less  than  the  equa^ 

a    66  20  10      57198  6095S.4  Lapland,  ^^rial ;  and  although  the  variousmo« 

The  foUowing  particulars  wiU  show    n!I?c^^^'^'*^-^®''*'  "^^^  "^^  ^"^  *  ^^o^* 
at  once  the  accS-Jby  >vl^h  now^distT    Fn  *?'''^ •  2?  "^^^  *"^*^®'' ^S^  "^ S^^i^ 

guishesgeodasicaToj;^^^^^^  predsdvl^^^^^^  '""  .^^^^^ 

ofthemeanstakejitoenaiiTPit-  precisely  uie  same  value,  yet  they  all 

:  The  first  base  in  fte  e3i  mll«,«.  ff-^'^"'  *¥  ^"^^  »f  *«  PO^^  <^^^ 

mnt.  of  which  &ermU&rh,  toe  &  ^^''■^'^  ^^^  equatorial,  and  that 

dbove  table  of  degrew  ww^^t  fiv!  ?  I^  increases  towarfs  the  poles; 

Wlesinlength.X^I'^Sd^^-  Sj^^SS^'^f  ''"^^'>''' 
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The  value  of  the  compression  or  the  alterable  quantit]^  in  naiture;    The  qua* 

fraetion   expressing  the  difperence  be-  drant  of  the  mendian  was  by  this  mea- 

tween  the  two  diameters,  as  deduced  aurement  found  to  be  5,130,740  toises, 

from  a  comparison  of  the  lengths  of  a  or  1 0,936,578  English  yards:  the  French 

meridional  degree  in  different  latitudes,  metre,  or  the  ten  millionth  part  of  this 

determined  by  the  most  anproved  mea-  quantity,  would  accordingly  be  1 .093578 

surements,  has  been  lately  shown  by  yards,  or  39.37  inches,  nearly.     This 

Professor  Airy,  in  a  paper  in  the  last  metihod  of  obtaining  a  standard  of  mea" 

volume  of  the  PhiioiophiccU  TraruaC'*  sure  is  not,  perhaps,  so  good  as  that 

iioriB  to  be  5^,  that  is,  the  polar  dia-  ^^^^  co^^j**?  ^^  observing:  the  length 

.    _  878.6 »                  .    .  ,  ^    ,  of  the  pendulum,  which,  m  a  certain 

meter  IS  less  tiian  the  equatorial  by  the  latitude,  beats  seconds  of  mean  time, 

278.6th  part  of  the  whole  diameter.  For  the  length  of  this  pendulum  is  ulti- 

Operations  are  now  being  carried  on,  lately  ascertained  by  a  reference  to  the 

on  the  continent,  which  have  for  theur  equable  motion  of  the  earth  upon  her 

object   the   more   precise    determina-  axis,  and  is.  therefore,  ascertainable  with- 

tiOn  of  the  fraction  of  elhpticity,  and  out  the  aid  and  use  of  any  Unear  mea- 

of   the    compression    of    the    earUi.  sure  whatever ;  whereas,  in  the  very  act 

The  measurement  of    an    arc  of  the  of  determining  the  French  standarf,  or 

parallel  of  latitude  45°.  of  15°  or  16°  the  quadrant  of  the  meridian,  some  li- 

m    extent   has  been   already    accom-  „ear  measure  ah«ady  in  use  must  be 

phshed      One  extremity    of   this  arc  employed ;  and  thus  the  very  basis  of 

is  at  Marennes,  on  the  west  coast  of  their  new  system  is  expressed  in  terms 

France,  and  a  httie  to  the  north  of  the  of  that  in  the  place  of  which  it  is  sub- 

Garonne,  and  traversing  France,  Pied-  stituted. 

mont.  and  the  northern  parts  of  Italy,  xhe  importance  of  possessing  the  true 

Its  other  extremity  is  at  Fiume,  m  the  length  of  a  degree  of  tlie  meridian,  is  not 

Ausbiandomimons,  and  on  the  eastern  confined  to  investigations   having  for 

shores  of  the  AdnaUc.    The  value  of  their  object  the  determinaUon  of  the 

the  ellipticity  as  deduced   from  these  ^jgure  of  the  earth.    Upon  the  simple 

operations  is  ^r^ .     We  have  ah^ady  fact  of  the  length  of  a  degree,  seemed  to 

stated  that  the  pendulum  experiments  ^fPfj?^  *^^  overthrow  or  establishment 

give  ,U     This  limUarity  in  tfie  results  ^  ^^^  5?°7  ^^  Umversal  Gravitabon, 

afforded  by  such  very  different  kinds  of  ^he  parUcuIars  connected  With  the  disj 

investigation  is  a  sfrong  argument  in  covery  of  a  principle  producUve  of  such 

favour  of  the  general   conlctness  of  y^^ous  effects  in  nature,  is  not  the  less 

t^oth  mteresting  in  that  it  illustrates  the  se- 

The  mean  degree  of  a  meridian  or  the  «**  dependency  of  parts   of  science 

degree  the  len^h  of  which  is  as  much  aPHa^nUy  the  most  distmct.  and  the 

greater  than  tliat  of  a  degree  at  the  assistance  which  each  m  its  place  la 

iquator,  as  it  is  less  than  tLt  of  a  de-  calculated  to  afford  to  the  rest 

gke  at  the  poles,  is  in  latitude  45°.  The  coraer-stone  of  the  whole^^^^^ 

whichis  the  meanlatitude  between  the  of  Universal  Gravitation  is.  that  the  force 

equator  and  the  poles.    Its  length,  ac-  J^hwh  causes  a  heavy  body  to  descend 

cording  to  the  Ftench  measurement,  is  J^  ^^  s^^w^e  of  the  earth,  is  the  same 

60759.4  fathoms,  or  12158.8  yards.  The  ^^}  retains   the   moon   in   her  orbit, 

circumference  of  the  elliptic  meridian  ia  ^^  ^^^^  l?«f  deflect  from  a  straight 

found  by  multiplying  the  mean  degree  ^^  ^  ^^nd  .towards  the  earth.    All 

by  360,  iid  is  e$ual  to  24855.84  mfles.  ^l**  was  reamsite  to  establish  the  iden- 

«ie  circumference  of  the  equator    is  ^^  f  ^«  forces  by  which  these  two 

24896.16  miles,  and  is  not  quU^  4 1  miles  f  *^pts  werc  produced,  was  to  prove, 

longer  than  the  eUiptic  mendian.  ^^^  ?^«  ,^^*"**^  ^^  tf  ^^*  produced  m  a 

llie  French  melasurement,  in  1792,  ^^^^.  ^°JJ  upon  the  moon  m  thus 

was  undertaken  with  a  view  to  obtain  a  deflechng  from  a  straight  Ime  (taking 

standard  measure  of  length,  to  serve  as  f^^  considerabon  the  law  by  which  the 

the  basis  of  a  new  system  of  weights  ^«^^«  ,^^^?'  ^^  '^^  i'^TV^J^ 

and  measures.    Accofdmg  to  thisnew  *«oo«.)was  in  due  proportion  to  the  effect 

system,  the  unit,  or  first   element   of  produced  by  the /orc«  o/^Wy,  m  the 

linear  measure,  is  called  a  metre;  and  ^  *"««/  ",P«"  a  falhng  body  irt  the 

the  metre  was  declared  to  be  equal  to  f^^^^f  °!uT4>,'''f  ?'     •     ♦"  T/f?** 

ten  millionth  part  of  the  quadSuit  of  tlierefore.  that  the  determination  of  thii 

the  meridian— which  ia  a  fixed  and  un-  question  depended  upon,  and  would  m 
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its  solution  be  Affected  by,  the  distance  Dieting  it.    Thus,  by  the  aid  of  the  frae 

of  the  moon  from  the  earth.    This  dis-  length  of  a  degree,  was  finally   esta- 

tance  being  expressed  only  in  a  number  Wished  the  grand  theory  of  Universal 

of  radii  of  the  earth  (about  60),  it  was  Gravitation, 
necessary  to  ascertain  the  length  of  the 

<:arlhs  radius.     This   could   only   be  Chapter  XT. 

done  by  means  of  the  proportion  which  Books 

the  radius  of  a  circle  always  bears  to 

the  circumference ;  and  the  length  of  Thb  subjects  embraced  in  the  foTegoing' 

the  circumfercnce  being  360  times  that  treatise,   are   dispersed  throu^out   a 

of  a  degree,  the  whole  matter  at  last  great  number  of  different  books,  and  are 

resolved  itself  into  the  geodesical  opera-  to  be  met  with  only  in  detached  parts. 
tion  of  accurately  measuring  a  degree       The  proofs  of  the  spherical  fi^^ore  of 

upon  the  earths  surface.  The  only  mea-  the  earth,  and  the  methods  of  findm^  the 

sure  which  in  1666,  the  time  of  New-  latitudes  and  longitudes  of  places,  wi//  be 

ton*s  first  taldn£f  up  the  sul:ject,  was  in  found  in  every  treatise  of  Astronomjr  ; 

existence,  was  that  of  Norwood's :  this  we  shaJl,  thercfore,  only  refer  to  thait 

exceeded  the  true  length  of  a  degree  by  part  of  Malte-Brun*s  work,  which,  is 

little  less  than  1000  yards;  and  as  this  devoted  to  Mathematical  Geography; 

error  would  be  grcatly  multiplied  in  each  to    the   Nautical   Almanack;    Wood* 

step  of  the  process,  it  is  not  surprising  house's  Astronomy,  vol.  i»  chapters  1, 

that  Newton,  whether  he  used  this  mea-  5, 42  and  43 ;   Bnnkley  s  Elements  of 

sure,  or  the  still  moi:^  incorrect  one  of  Astronomy,  chapters  1,  3,  16  and  17 ; 

60  niiles  to  a  degree,  could  not  reconcile  Playfair's  Outlines  of  Natural  Philoso- 

the  two  phenomena  of  the  &Uing  stone  phy,  voL  ii.  part  1,  chapters  1  and  4  ; 

and  the  revolving  moon,  so  as  to  refer  and,  as  a  popular  work,  to  BonnycasOe^s 

both  to  the  same  cause — ^namely,  the  Astronomy,  letters  2,  9  and  10. 
attractive  force  of  the  earth.    The  con-        For  fuller  information,  with  respect 

sequence  of  this  error  in  the  then  re-  to  the  true  figure  of  the  earth,  and  the 

ceived  length  of  a  degree  was,  that  for  lengths  of  pendulums  vibrating  seconds 

many  years  Newton  laid  aside  his  theory  in  differcnt  latitudes,  and  measurement 

of  universal  gravitation.    But  in  1670,  and  lengths  of  degrees,  we  may  refer  ta 

tiie  measurement  of  an  arc  of  the  meri-  Malte-Brun ;  Brinktey,  chap.  17 ;  Play- 

dian,  by  Picard,  took  place ;  by  mere  fair,  chap.  3,  of  part  I,  and  chap.  6,  of 

accident   the  length   of  a  de^e,  in  part  2 ;  Bonnycastle,  letters  15  and  16 ; 

latitude  49},  was  then  ascertained  to  Newton*s  Principia,  book  3,  props.  13» 

within  35  yards  of  what  is  nowconsi-  19  and  20;    Mcclaurin*s   Account  of 

dered  the  true  length.    This  new  mea-  Sir  I.  Newton's  Discoveries,  book  4, 

sure  brought  Newton  back  to  his  fa-  chap.  6 ;  Pembeiton*s  View  of  Sir  I. 

Tourite  hypothesis.   He  then  satisfacto-  Newton's  Philosophy,  book  2,  chap.  6 ; 

rily  proved,  that  the  force  of  gravity,  Rees'    Cyclopeedia,  articles,  '  Earth,* 

and  the  force  by  which  the  moon  is  re-  and  '  Decree  ;*  various  Papers  in  the 

tained  in  her  oroit,  are  one  and  the  same.  Philosophical  Transactions  on  the  Me> 

It  is  related,  that  towards  the  end  of  surement  of  Degrees,  and  on  Experi- 

the  calculation,  and  when  he  perceived  ments  upon  the  Pendulum ;  Clanut 

its  probable  successhil  issue,  he  became  Figure  de  la  Terre ;  Quarterly  Journal 

so  much  agitated,  as  to  be  obliged  to  of  Science,  for  March  J 827,  p,  177, 
request,  a  niend  to  assist  him  in  com- 
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Physical  or  naiurcd  geography  might,  great  many  islands  lying  together  are 

if  we  regarded  merely  the  strict  mean-  called  an  archipelago, 
ing  of  tne  words,  be  limited  to  signify         In  many  places  the  land  and  the 

no  more  than  a  description  of  the  prin-  ocean  run  one  into  the  other.    When 

cipal  features  of  the  oarth^s  surtace ;  the  ocean  penetrates  into  a  continent  by 

but  it  is  usual,  in  treatises  upon  this  a  narrow  passage,   and  then  spreads 

branch  of  geography,   to  touch  also  again  into  a  large  expanse,  this  inland 

upon  the  siibject  of  climate  and  tem-  portion  of  the  ocean  is  usually  termed 

perature, — ^to  show  how  these,  together  a  sea.    If  the  extent  of  such  an  inland 

with  other  natural   causes,  affect  the  sea  be  less,  or  the  passage  by  which 

condition  of  the  human  race — and  to  it  conununicates  with  the  main  ocean 

advert,    in  a  general  manner,    to  the  larger,  it  is  called  a  gulf  or  bay.    An 

animals    and     productions     of     tiie  inland  body  of  water  not  connected  with 

globe .  the  ocean  or  any  of  its  branches,  is 

called  a  lake.  A  narrow  passage  of 
Cfeographical  terms  explained.  water  leading  from  one  sea  to  another 
In  looking  over  a  map  of  the  world,  w.cailed  a  strait ;  a  narrow  neck  of  land 
it  is  seen  at  once  that  tbe  surface  con-  W  between  two  seas,  and  connectmK 
sists  of  various  spaces  of  land,  sur-  Y^^  ^^^  ^f  ^d  greater  than  itself 
rounded  by  an  extensive  field  of  water  »  <»lj«d  an  isthmus.  When,  on  the 
called  the  sea  pr  ocean.  Of  these  spaces  ^^'^^T  "*"?'  *  P"^  ^\^.  continent  runs 
of  land,  two  are  of  vast  extent,  and  on  o^it  uito  the  sea,  and  is  jomed  to  the 
this  account  are  termed  conHnents\  ™"n  land  by  only  a  small  portion  of  its 
(derived  from  a  Latin  word  signifying,  circumference,  it  is  named  k  peninsula, 
holding  together  or  connexion).  The  (^at  is.  an  almost  island).  If  the  pro- 
larger  of  these  continents  includes  the  jections  of  land  reach  but  a  httle  way 
three  divisions  of  Europe,  Asia,  and  into  the  sea,  they  are  called  capes,  head- 
Africa,  and  is  distinguished  by  the  title  '«"»*»  or  promontories. 
of  the  old  continent,  from  its  having  till  q^^^  yi^  ^y  ^^  q^^^  ^  •  ^_ 
the  discovery  of  Amenca,  by  Columbus  .v,„  ^/j^^^^^j  o^ 
in  the  year  1492,  been  Ih^  onfy  one  with  /'^  ofLandand  Sea. 
the  existence  of  which  Europeans  were  There  is,  in  fact,  only  one  continuous 
acquainted.  The  other,  wliich  includes  fluid  surrounding  the  land,  all  the  gulfs 
North  and  South  America,  is  named  and  inland  seas  being  branches  t  of 
the  new  continent.  The  smaller  por-  this  universal  ocean ;  but  for  the  sake 
tions  of  land  which  are  scattered  over  of  convenience  different  parts  of  it  have 
the  ocean  are  denominated  islands.  A  distinct  names  given  to  them.  The  fol- 
_...,„.______^..__  lowing  table,   exhibiting  the  principal 

.  Ne^  HolUnd,  by  »»•  reogrsphen.  «.  regarded  SCas  into  which  the  OCean  ha^  been  di- 
ss a  third  continent:  but  ifweoonaider  how  nrefih  Vlded,  Will  be  Clcarfy  understood  Upon 
•mailer  it  is  than  eiiher  of  the  two  TMllracta  above-  referring  tO  the  map   of  the  WOrld  On 
mentumed,  it  will  appear  correct  rather  to  aMi^  it  Mnr««*fti.'o  y\y>rx\tu»t\^*% . 
the  fimt  utaHon  among  the  fsitt»di  of  the  globe.    Sew  Mcrcator  S  projection  :— 
Holland  and  the  iidands  around  it  are.  however,  not  ■    ■-  ■■      .■■■.■    — 

naworthj  of  being  classed  as  the  fifth  grand  division         f  The  Caspian  Sea^  as  it  is  generally  termed,  forms 

of  the  world.  Englixh  geographers  have  named  them  no  exception  to  tliis  remark,  because  it  u  in  fact  onljr 

Ami^alia  (that  it,  Souh^m  ioatff .)  an,  immense  lake. 

B 


The  ^eat 
Sn*Uh  Eoit- 
em  basin, 
the  waters 
of  whioh 
cover  near- 
ly half  the 
^lobe.  It 
includes 


11. 

The  West- 
ern basin, 
formins;,  a 
channel  be- 
tween the 
old  and  new 
continents. 


PHYSICAL  GEOGRAPHY. 

1.  TbeAniarcttc  Ocean,  which  is  comprised  within  the  Antarctic 
circle,  that  is,  between  the  parallel  of  66^  32'  of  southern  latitude 
and  the  South  Pole. 

2.  The  Southern  Ocean,  the  boundary  of  which  on  one  side  is  the 
Antarctic  circle,  on  the  other  a  line  drawn  from  Cape  Horn  to  the 
Cape  o£ Good  Hope,  thence  to  Van  Diemens  Land,  and  again 
by  the  south  of  New  Zealand  to  Cape  Horn.  This  line  forms  the 
southern  boundary  of  Nos.  3  and  4. 

/  3.  The  Indian  Ocean,  lying  between  Africa  on  the  west,  and  the 
peninsula  of  Malaya  with  the  islands  of  Sumatra^  Java*  &c,  and 
New  Holland,  on  the  east,  and  bounded  by  Persia,  and  Hindustan 
on  the  north.  The  Red  Sea,  hr  Arabian  Gulf,  the  Persian  Guit 
and  the  Bay  of  Bengal  are  all  parts  of  this  ocean. 

4.  The  Pacific  Ocean,  divicfed  by  the  equator  into  North  and 
South,  and  inclosed  between  America  on  the  east,  and  New  Hol- 
land, the  islands  of  Java  and  Sumatra,  and  the  continent  ofAsia^ 
on  the  west.  On  the  north  it  terminates  at  Behrins  s  strait.  The 
seas  of  China}  Japan,  Okhotsk,  &c.  form  parts  of  this  ocean. 

1.  The  Atlantic  Ocean,  commencing  in  the  south  frt>m  a  line 
drawn  from  Cape  Horn  to  the  Cape  of  Good  Hope,and  terminated  on 
the  north  by  the  Arctic  circle.  It  is  divided  into  North  and  South 
by  the  equator,  and  its  branches  are  the  Mediterranean,  the  North 
Sea  or  German  Ocean,  the  Baltic,  Baffin's  Bay,  Hudson's  Bay, 
the  Gulf  of  Mexico  and  the  Cariobean  Sea. 

2.  The  Arctic  Ocean,  surrounding  the  North  Pole,  and  bounded 
by  the  Arctic  circle  and  the  northern  shores  of  the  two  continents. 

,  The  White  Sea,  the  sea  of  Kara,  and  the  Gulf  of  Obe  are  parts  of  it. 


The  Ocean  is  spread  over  nearly  se* 
Ten-tenths  of  the  globe;  but  ih  is  re- 
markable how  unequally  the  land  and 
water  are  distributed.  If  we  look  at  a 
map  of  the  world  projected  upon  the 
honzon  of  London,  in  which  map,  con- 
sequently, London  forms  the  centre  of 
the  one  hemisphere  and  the  antipodes  * 
to  London,  the  centre  of  the  other;  the 
first  hemisphere,  it  will  be  seen,  contains 
a  very  large  proportion  of  the  whole  of 


the  lapd,  while  the  second,  if  we  except 
New  Holland  and  the  extremity  of 
South  America,  from  the  twenty- ninth 
degree  of  south  latitude,  consists  almost 
entirely  of  water.  The  distribution  of 
water  and  land  is  still  very  unequal,  if 
we  compare  only  the  northern  and 
southern  hemispheres,  that  is,  the  two 
equal  parts  into  which  the  globe  is  di- 
vided by  the  equator.  The  following 
calculation  will  plainly  exhibit  this  fact : 


Considering  the  whole  space  included  in  the  northern  part  of  the  torrid 
zone,  as  equal  to  1,  the  proportion  of  land  is  .  «  •  .  QS97 

On  the  same  supposition,  the  proportion  of  land  in  the  northern  tem- 
perate zone  is  ........    0.559 

And  in  the  northern  icy  zone       .  .  ,  ,  ,  .0^00 

In  the  southern  part  of  the  torrid  zone,  the  portion  of  land  is    .  .  0^  1 2 

In  the  southern  temperate  zone    ......   0.075 

In  the  southern  icy  zone  (supposed)        .....    none. 

In  other  words,  if  the  quantity  of  land  in  the  northern  hemisphere  be  repre^ 
sented  by  1 6,  the  quantity  in  the  southern  will  be  scarcely  equal  to  5. 

About  the  middle  of  the  last  century  south  pole  does  not  of  itself  prove  that 
it  wasFSserted  that  a  great  continent  there  is  less  land  there  than  in  the  north, 
must  exist  towards  the  south  pole,  in  since  it  is  possible  that  the  land  in  ge- 
order  to  counterbalance  the  mass  of  neral  may  be  only  rather  more  de- 
land  in  the  northern  hemisphere ;  but  pressed  in  the  soutn,  the  necessary  re- 
by  the  voyages  of  Cook  and  others,  it  suit  of  w  hich  would  be.  that  the  oc-ean 
has  been  proved  that  the  high  southern  would  spread  itself  more  exten&ive^* 
latitudes  contain  only  a  few  islands. —  over  the  surlace  of  the  earth  in  that 
The  absence  of  a  continent  near  the  quarter. 


•  4  tmall  Ulud  Ijing  to  the  Matk.Mtt  of  Now  Zealand,  and  called  Astipodei 

the  antipodes  to  London. 


ttUad,  ia  rtrj  nearif 


t 
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On  the  Figure,  4^.,  i^tke  Continente^  pathian  i«nge.  whidi  Sn  a  'great  mea-' 

Ti.»  — »«.i  j;«i^««  «*  »k.  !.»,»  u  *""  surrounds  Huneaiy,  are  of  this  se- 

The  general  direcbon  of  *«  lw>d  m  ^^  description.    -Si  elevations  wWch 

ttic  two  continent.  IS  entirety  different  ^  ^jj^er  o?  such  an  inferior  kind,  or 

In  America,  It  IS  fifom  pole  to  pole ;  m  ^^     j      j  j^^,,  ^  ^^^  „,^^g,  „ 

the  old  world.  It  w  from  south-west  to  „„j  t»;  ^^^  within  these  two  classes, 

north-east.  Mid,  if  we  Icmd  Africa  out  of  ^  j^^^  ^^  ^.^  ^ 

Yiew^t  IS  almost  paraUel  to  the  equa-  Mountains  most  ^monly  are  so 

tw.  The  longest  straighthne  that  can  be  ^^  ^^  ^^^  „y,er,  and  are  disposed  Ih 

drawn  on  the  old  contment  commoices  ^^^^  ^  manner,  as  to  give  the  idea  of 

on  the  westwn  coast  of  Africa,  from  ^^^        ^  ^^ain  may%e  defined  as  a 

about  Cape  Verd,  •adertends  to  Behr-  ^^  „f  mountains,  the  bases  of  which 

mg  s  strMt  m  tiie  north-east  of  Asia.  ^  continuous ;  but  it  is  weU  to  observe 

It  u  about  1  MOO  miles  m  length,  that  the  name  is  sometimes  applied  to 

A  mnilu-  hne,  traced  along  ^e  new  collections  of  hiUs  without  much  regard 

continent,   passes  from  the  strait  of  to  its  strict  meaning.  Sometimes  chains 

Ten*  dd  Puego,  to  the  northern  shrare  ^„  ^^^  ^^^  ^  common  centre :  those 

of  North  Anienca,  and  is  nearly  9000  ^^j^^        ^^  ^      the  high  table-land 

miks  lonK.    In  both  continents  the  di-  ^f  central  Asia,  may  beconsidei«l  as  an 

rection  of  the  lar«  pemnsulas  is  sinu-  example;  at  otheri  the  centre  mass  it- 

Ur,  ahnost  aU  of  them  runmng  towards  ^j  j/^  f  -    ^^.j^  to  which  secondary 

the  south,   ms  18  the  case  with  South  ^^^^^  ^  ^^^ed :  such  are  the  Alps. 

AnjOTca,  Cahfoniia.  Florida,  AJaska,  j^  ^^^  instances  there  are  irregular 

and  Greenland  in  the  New  World,  and  ^j  ^^^  chains,  among  which 

in  the  Old  with  Scandinaviiw  Swun,  g'one  can  be  ranked  as  the  prin«3pal :  of 

J*^^\?T*"'  ^'^^^J^  UiTidoB.  thi,  the  mountains  in  Asia  Minor  and 

tan,  Malaya,  Cambodia,  Corea,  and  p^,^  ^  examples.  The  most  remark- 

Kamtehatka.    The  only  exceptions  to  ^^      however,   are    long    connected 

this  remark,  aw  the  penmaula  of  Yu-  ,,,^    ^^^h.  like  the  Andes  t,  con- 

ratan  >n  MeHCO.  «id  that  of  Jutland  m  ^^  ^^  ^^^^  thousand  miles,  nearly 

the  north-wMt  of  Eurqoe.     Both  of  }»  one  direction,  having  on  both  sides 

these  are  directed  towara.  the  north;  .^^^^              ^ut  srading  off  hardly 

but  thCT  consBt  of  plams  aad  alluvial  gecondliT  chains.    Tfiese  appeu 

land,  whereas  the  otfier  peninauks  are  to  ins  of  the  highest  antiquitj-. 

more  or  less  of  a  mountamou.  charac-  g^,^^  mountains  are  completely  insu- 

tar.    There  is  a  further  resemblance  be-  uted,  that  is,  are  quite  remote  fr6m  any 

tween  the  two  continents,  from  each  be-  chain  or  group.   Volcanoes  are  more 

ing  ^vided  mto  two  parts  by  an  isth-  p^cularly  of  this  kind, 

mus  • ;  but  m  the  character  of  then:  *~The  ohiracter  of  mountains  would 

outlines  they   differ  very  much :   for  g^em  to  depend  upon  the  sort  of  rock 

whilethecoastof  the  OldWorM  (m-  of  which  they  are  composed.    Granite, 

dependent  of  Africa)  is  broken  equally  ^^^  expos^,  forms  lofty  and  rugged 

onallsiderby  ^  ft.  bays.  Mid  inland  elevations;  gneiss  is  much  less  prSsi- 

seas,  the  New  World  has  a  senes  of  -^        ^  ^^,e  commonly  not  It  all 

openings  on  ita  eastern  shore  only.     Of  ^     j^  j^^  ^       t  there  is  a  remark- 

ito  western  side,  the  only  inlet  of  any  ^^^  difference,  which  Humboldt  has 

magnitude  IS  the  gulf  of  Uahfornia.  noticed,  betweii    the    Old   and  New 

On  Mountain*.  Continents.     In  the  former  the  highest 

J«fo«ntem,  are  the  most  considerable  ft^iS  SiteU  n*ot°  td' w£ 

IS  oT4K?cir  rtSs^  KhttnT'w'Scf  toTu^«:^ 

:  jL              J ,  ^^.i^«u.^   -«*k  o.  or  ¥rnmstone,  whicn  m  iLurope  appears 

S^^'/'T'^VKt  i^^t^fn^  V^hS  only  in  low  mountains,  or  at  the  Sot  of 

*^-  ASo  IS.^  i^r on^  l^^^^  tl^ose  of  great  magnitude,  covers  the 

Asia,  the  Alps,  &c.,  «^^  those  of  a  ks^^  ^  £     ^^f  Chimbdrazo  and 

majestic  c^f^^»./j»i^J^   ^^f^^^^^  Antisana  ai«  crowned  with  vast  waUs 

form  branches  as  it  were  of  the  first  ^^        y,         ^^  basalt,  which  in  our 

class.    The  Apennmes,  which  traverse  ^*  i^'F'  j^y  >  »""  Mo^m,,  wm^n      uu* 

the  whole  length  of  Italy,  and  the  Car-  r  ^  ^    •            i  .  .w    i..-    - 

°                   ''  t  The  Dftme  of  Andes  u  given  only  to  the  chain  an. 

'^ — -^ ^  ire»t  eoAMt  irf  Souik  America  j  ihr  eoBrinQHtion  ni 

•  The  itfhnras  of  Soes  U  eonpOMd  of  laad ;  that  that  chain  in  North  America  has  other  tiUca ;  hmt 

of  Paaama  oi  J^aziea  eoosista  of  atapeadoua  lockf*  they  evidently  form  one  fnmd  whole. 
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continent  has  not  been  observed  higher 
than  4300  feet,  is  on  the  vexy  summit 
of  Pichincha.  Other  secondary  forma- 
tions, am(fng  which  may  be  mentioned 
limestone,  are  also  found  at  greater 
heights  in  the  New  than  in  the  Old 
world. 

With  respect  to  their  declivities,  it  is 
observed  that  most  of  the  principal 
mountains  have  one  of  their  sides  very 
steep,  and  the  other  of  a  gradual  slope. 
The  Alps,  for  instance,  nave  a  much 
more  abrupt  descent  on  the  side  of  Italy 
than  on  that  of  Switzerland ;  the  Pyre- 
nees are  steeper  towards  the  south  than 
the  north,  while  the  chain  of  Asturias, 
which  branches  westward  from  the 
Pyrenees,  is  just  the  reverse.  Mount 
Taurus,  in  the  part  where  it  approaches 
the  Mediterranean  and  the  Daraanelles, 
is  abrupt  on  the  south,  but  in  Armenia 
it  has  a  rapid  descent  northward.  The 
mountains  of  Scandinavia  are  steeper 
towards  the  west  and  north-west,  than 
the  south  and  east ;  and  the  Ghauts  in 
Hindustan  are  in  like  manner  precipi- 
tous on  the  west,  and  sloping  in  the 
opposite  direction.  With  all  these 
chains,  therefore,  and  indeed  with  most 
of  the  chains  of  the  globe,  their  steepest 
side  is .  found  to  l:^  that  which  ap- 
proaches most  nearly  to  the  sea,  and 
consequently  their  inclination  is  most 
gradual  towards  the  interior  of  the 
country  in  which  they  are  situated. 

Mountains  in  their  course  commonly 
make  numerous  curves  and  angles ;  but 
in  most  cases  the  general  direction  of 
the  principal  chains  appears  almost,  if 
not  entirely,  to  correspond  with  the 
greatest  length  of  the  continents  to 
which  they  belong.  The  Andes  in 
South  and  the  Stony  Mountains  in 
North  America  exemplify  this  remark ; 
as  do  also  the  chains  which,  with  little 
interruption,  pass  from  the  north-eastern 
point  of  Asia  to  the  south-west  coast  of 
Portugal,  and  to  the  western  side  of 
Africa.  The  secondary  chains,  in  the 
same  manner,  frequently  follow  the 
greatest  length  of  the  large  peninsulas. 
This  is  the  case  with  the  Apennines  in 
Italy,  the  Dovreiield  in  Scandinavia, 
the  Ghauts  in  Hindustan,  &c. 

In  order  to  obtain  a  connected  view 
of  the  loftiest  and  most  extensive  system 
of  mountains  upon  the  glol)e,  we  must 
suppose  ourselves  placed  in  New  Hol- 
land with  our  face  turned  towards  the 
north ;  America  will  then  be  on  the 
right,  Asia  and  Africa  on  the  left. 
fSrom  Cape  Horn  to  Behring's  strait 


along  the  western  coast  of  Ameriea, 
there  is  an  almost  unintenrupted  range 
of  the  highest  mountains :  from  Ben- 
ring*8  strait  again  succeeds  an  enor- 
mous line  passing  in  a  south-westerly 
direction  through  Asia,  leaving  China 
and  Hindustan  to  the  south,  somewhat 
interrupted  as  it  approaches  Africa,  but 
still  to  be  looked  upon  as  continuing  its 
course  in  the  mountains  of  Persia  and 
Arabia  Felix.  From  Cape  Grardafiii  in 
Africa  to  the  Cape  of  Good  Hope,  then 
appears  to  be  a  chain  which  completes 
the  view.  The  series  of  mountains 
which  we  have  thus  followed,  is  in  the 
form  of  an  immense  irregular  curves 
which  comprises  within  it,  the  Pacific 
and  Indian  Oceans,  with  their  innu- 
merable islands,  besides  a  portion  of 
Asia,  including  China,  the  Biiman 
dominions,  and  the  IncUan  pounsula. 
It  presents  a  steep  face  towards  these 
oceans,  while,  on  the  other  side,  the 
land  very  generally  slopes  towards  the 
Atlantic  and  Arctic  Oceans. 

The  following  is  a  table  of  the  height 
of  some  of  the  principal  mountains  of 
the  globe,  reckoning  from  the  level  of 
the  sea.  The  elevations  of  those  in 
Asia  and  Africa  are  fat  firom  having 
been  ascertained  with  accuracy.  Some 
recent  measurements  make  the  highest 
sumnuts  of  the  Himalayan  range  as 
much  as  28,000  feet;  but>  tnou^ 
these  calculations  seem  very  doubtful* 
it  is  not  unlikely  they  are  at  least  25,000 
feet  high. 

Europe, 

Fact. 

Mont  Blanct  •  .  •  "j  .  •  .  15,668 
Mont  Rosa  ...  I  .  .  .  15,527 
Ortler  Spitze  in  the  Tyrol  I  .  .'  .  15,430 
Aiguille  d'Argeniura         I   .     •     •     13,389 

Eiger I    •     '     •     13>l''0 

Jungfrauhorn  .     .     •     >  The  Alps   13,730 

13,310 

12,500 

7,968 

6,778 

6,580 


Nethouf   .     .     .      .     ^    .     .     .      11,427 

Perdu 
C&nigou 


Shrecichorii 

Wetterhom 

Pass  of  Great  St.  Bernard 

Ditto  of  Mont  Cenis 

Ditto  of  the  Simplon  . 

.     .     .     .     I  Pyrenees  11,275 

.     .     .     .     J    .     .  9,145 

Monte  Comot  (Apennlnee)      .     •  9,523 

Lomnitz  f  (Carpathian)  ....  7,962 

Sneehaetta  t  (Dovrefield  in  Norway)  8, 1 22 
Mulhacen  f  (Sierra  Nevada  of  Grenada 

in  Spain) 1 1,678 

Mont  Mezin  f  (Cevennes  in  the  south* 

east  of  France)        ....  6,567 
Puy  de  Sancyt  (Mountains  of  Au- 

vergne  in  France)   .     .     .     ,    •     6»215 

Etna  •  in  Sicily 10,870 

Vesuvius*  near'Naplts  ....  3,932 
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Slowna  Roa  (Sandwich  Is.) 
Ophir  (Sumatra)       .     . 
Egmont  (New  Zealand) 
Italitzkoi  (Altaian  chain) 
Ararat  (Armenia)      .     • 
Olympos  (Anatolia)  .     » 
Awat«ha*  (Kamtchatka) 
Lebanon  (Palestine) 

Africa, 

Geesh     .    -i 15,000 

Amid  Amid  > Abyssinia    ....  13,000 

Lamalmon   *        .••.••  11,200 

Chain  of  Atlas  f 11,980 

PeakofTeneriffe*   .     .  .     .  12,180 


Feet. 

28,077 

25/47 

15,988 

13,840 

11,430 

10,735 

9,600 

6,500 

9,600 

9,600 


Americcu 


^Andes 


D  •           .          m          J 

\*  \    .     .     . 

role  f^**^^^ 

ica  J    .     .     . 


Chimborazof  •     •     •     •     ' 
Cayambe  .     •     •     .     • 
Antisana*       «... 
Cotopau*       •     .     .     . 
Yliniza      .     .     •     .     • 

Tolima 

Cotocache       •     •     .     • 

Pichincha*     .... 

Farm  of  Antisana  (inhabited) 

City  of  Quito 

Popocatepetl 

Ittaccihuatl 

Coffer  of  Perote 

Lake  of  Toluca 

Silla  de  Caraccas  (Venezuela) 

Duida  (Mountains  of  Parime) 

Itacolumi  (Brazil)     .... 

Mount  Washington  t  (AUeghanies) 

Blue  Mquntatns  (Jamaica) 

Mount  St.  Elias   .      .      . 

Mount  Fairweather   . 


21,425 

19,633 

19,136 

18,867 

17,376 

18,324 

16,436 

15,931 

13,437 

9,542 

17,720 

15,705 

13,275 

12,195 

8,633 

8,314 

5,756 

6,650 

7,278 

17,863 

14,736 


(Notk)  ThoM  marked  *  are  volcanoes.  And  t  are 
the  hlffaest  points  of  the  range  to  which  they  belong. 

On  Volcanoes, 

The  term  Volcano  (derived  from 
VuLCANus,  the  name  which  the  Ro- 
mans gave  to  their  imaginary  god  of 
fire)  is  applied  to  those  mountains  which 
send  forth  from  their  simimits  or  sides, 
flame,  smoke,  ashes,  and  streams  of 
melted  matter  called' lava.  Upon  as- 
cexiding  to  the  top  of  a  mountain  of  this 
kind,  there  is  found  to  be  an  immense 
and  deep  hollow,  which  is  denominated 
the  crater  or  ct«p.  From  most  of  the 
volcanoes  which  are  not  extinct,  there 
is  a  smoke  more  or  less  frequently  aris- 
ing ;  but  the  eruptions ^  which  are  dis- 
charges of  stones,  ashes,  lava,  &c., 
accompanied  with  lofty  columns  of  fire, 
violent  explosions  and  concussions  of 
the  earth,  happen  at  irregular  and 
sometimes  very  long  intervals.  It 
•eems  to  be  a  veiy  general  rule  that  the 


greater  the  mass  andthe  elevation  of  the 
mountain,  the  less  frequent  and  more 
tremendous  are  the  eruptions.  Strom- 
boli,  the  small  volcano  on  one  of  the 
Lipari  islands,  is  almost  always  burning; 
Vesuvius  has  more  frequent  eruptions 
than  Etna ;  while  the  immense  sununits 
of  the  Andes,  Cotopaxi,  and  Tungu- 
rahua  have  an  eruption  hardly  once  in 
a  century.  The  volcanoes  of  America, 
besides  the  common  lava  and  rocks, 
&c.,  cast  out  scorified  clay,  carbon, 
sulphur,  and  water  *,  accompanied,  in 
some  instances,  bv  fishes.  - 

The  eruption  the  most  astonishing, 
perhaps,  of  any  upon  record  is  that 
which,  in  April  1815,  issued'from  the 
Tomboro  mountain  in  Sumbawa,  one 
of  the  islands  of  the  Indian  Archipelago 
(see  Notes  to  chap.  i.  of  Raffles^  History 
of  Java)  ;  and  we  mention  it,  in  order  to 
give  an  idea  of  the  violence  which  some- 
times characterises  volcanic  agency* 
The  tremulous  motions  which  Ihe  ground 
underwent,  during  this  eruption,  were 
felt  throughout  a  circular  space  of  ncar^ 
ly  2000  miles  in  diameter,  and  the  report 
of  the  explosions  was  heard  over  an 
equally  extensive  area.  Within  its  more 
immediate  range,  embracing  a  space  of 
300  miles  around  it,  it  excited  the  great- 
est alarm.  On  Java,  at  the  distance  of 
300  miles,  the  sky  was  overcast  at  mid- 
day with  clouds  of  ashes,  the  showers  of 
which  covered  every  thing  to  the  depth 
of  several  inches ;  and  explosions  were 
heard,  at  intervals,  like  the  report  of 
artillery  or  the  noise  of  distant  thunder.' 
On  Sumbawa  itself  thousands  of  indivi- 
duals were  destroyed  by  tlie  fury  of  the 
eruption. 

What  may  be  termed  mud  volcanoes^ 
from  their  having  eruptions  of  mud  only, 
are  another  curious  phenomenon.  One 
of  these,  which  is  situated  towards  the 
middle  of  the  island  of  Java,  in  a  plain 
abounding  with  salt  springs,  is  thus  de- 
scribed in  the  9th  volume  of  the  Baiavian 
Transactions:  "  On  approaching  it  from 
a  distance,  it  is  first  discovered  by  a  large 
volume  of  smoke,  rising  and  disappear- 
ing at  intervals  of  a  few  seconds,  resem- 
bling the  vapours  arising  from  a  violent 
surf:  a  dull  noise  is  heard,  like  that  of 
distant  thunder.  Having  advanced  so 
near,  that  the  vision  was  no  longer  im- 
peded by  the  smoke,  a  large  hemispheri- 
cal mass  was  observed,  consisting  of 
black  earth  mixed  with  water,  about  16 
feet  in  diameter,  rising  to  the  heiglit  of 


•  fitna  hu  been  known  toiject  Water. 
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tfO  or  30  filet  tti  a  petMQy  regular  man-  a  complete  series  <if  "rolcanoes  may  be 
ner,  and,  as  it  were,  pushed  up  by  a  force  traced.  The  Aleutian  islands,  which 
beneath — ^which  suddenly  exploded  with  stretch  from  that  peninsula  to  the  op- 
a  dull  nobe,  and  scattered  about  a  vo-  posite  peninsula  oi  Kamtchatka,  pos- 
lume  of  black  mud  in  every  direction,  sess  several.  On  Kamtchatka,  tnere 
After  an  interval  of  two  or  three,  or  are  som^  of  gr^t  violence.  The  islands 
sometimes  four  or  five,  seconds,  the  of  Japah  and] Formosa  have  several, 
hemispherical  body  of  mud  or  earth  rose  and  beginning  with  Sumatra  and  Java, 
and  exploded  a^ain.  In  the  same  man-  they  are  scattered  all  over  that  immense 
ner  this  volcanic  ebullition  goes  on  with*  Archipelago  which  forms  so  remark- 
out  interruption.  The  spot  where  it  able  a  feature  of  the  Pacific  Ocean, 
occurs  is  nearly  circular  and  perfectly  In  the  Indian  Ocean,  the  Islands  of 
level ;  it  is  covered  only  with  the  earthy  St.  Paul,  Amsterdam,  and  Bourbon^ 
particles,  impregnated  with  salt  water»  have  volcanoes  in  action.  The  most 
which  are  thrown  up  from  below :  the  formidable  'volcanoes  of  the  Mediter- 
circumference  may  be  estimated  at  about  ranean  eOre  EtnU  in  Sifcily,  and  Vesuvius 
half  a  mile.  A  strong,  pungent,  sul-  upon  the  coast  6f  Naples.  Between 
phureous  smell  is  perceived  on  standing  these  two  mountains  are  the  Lipari 
near  the  explosion,  and  the  mud  recently  islands,  all  of  volcanic  eharacter.  The 
thrown  up  is  warmer  than  the  surround-  Atlantic  .Ocean  contains  several  groups 
ing  atmosphere.  During  the  rainv  sea-  of  this  kind ;  Iceland  has.suffemi  fre^ 
son  these  explosions  are  more  violent"  quently  from  the  terrifio  eruptions  of  its 

The  mountain  of  Macealuba  in  Sicily,  volcanoes ;  the  Asores  and  the  Canaries, 

and  some  hills  at  the  town  of  Taman  m  and  some  of  the-  West  India  islands, 

the  Crimea,  are  also  distinguished  by  also  experience  the  effects 'of  subterra- 

eruptions  of  mud.  neanfii^ 

It  is  remarkable,  that  in  the  Old  In  some  places,  parts  of  the  land 

Continent,    the    principal    chains   of  which  are  covered  by  the  waters  of  the 

mountains  contain  no  volcanoes,  and  ocean  are  the  ;iea|s  of  Volcanoes ;  and 

that   islands,  and    the  extremities    of  ft  has  sometimes  happened,  that  new 

peninsulas,  are  alone  the  seats  of  these  islands  hav£  been  formed  during  mb^ 

convulsions ;  while  in  the  New  World,  marine  eruptions.    A  recent  instance  of 

the  immense  range  which  runs    along  this  kind    occurred   in   1811,   in  the 

the  shore  of  the  Pacific  Ocean  pos-  neighbourhood  of  St.  Michael,  one  of 

sesses  more  volcanoes  than  are  to  be  the  Azores,  the  small  group  which  lies 

met  with  in  the  whole  of  the  Old  Con-  about  800  miles  to  the  west  of  Portugal, 

tinent  and  its  adjacent  islands.    Pro-  This  new  island  has  since  disappeared, 

feasor  Jameson  has  given  the  follow-  It  is  probable,  that  some  clusters  of 

ing  estimate  of  the  number  of  vol-  islands  (amone  which  are  the  Azores, 

canoes  :-^  just  mentioned,  and  the  Lipari  islands 

Continent  of  Europe !•  ^orthof  Sicily)  owe  their  origin  to  the 

Islands  of  ditto 12  breaking  out  of  submarine  volcanoes. 

Continent  of  Asia 8f  Several  mountains  bear  evident  marics 

Islands  of  ditto 58  of  having  at  some  very  distant  period 

Continent  of  America 97  been  the  outlets  of  fires;  and  on  thia 

Islands  of  ditto I9  account,  they  are  called  wtinci  vol- 

No  volcano  has  yet  been  discovered  on  <»no«*« 

the  continent  of  Africa,  but  most  of  its  On  Fallens  and  Plains. 

Soups  of  islands  are  distinguished  by  r^  ,,            ,,                y  -      ^  . 

em.                                                   ^  VtUleys  are  the  spaces  lymg  between 

A  line  drawn  round  the  Great  Pacific  ^PP^i?^^?  ^*^S^  ^^  mountwns  or  of  hills, 

Ocean,  so  as  to  include  the  long  ranee  S"?  ^S^  ^°^®®^  P*^  **  commonly  the 

of  mountains  on  the  west  of  AraericSi.  ^ .     ,  ^*^.™i  ^?T«^*  °^  "^?"«  Z^^^ 

the  Asiatic  peninsula  of  Kamtchatka.  ^ngmates  in  the  higher  grounds.  Those 

and  the  islands  of  Sumatra  and  Jav^  between  high  mountams  are  m  general 

will  have  within  it,  by  far  the  grandest  °,*?^^   *?^   ^°°«'    resembkng    large 

and  most  extensive  volamtc  system  on  „     ^^  fissures.     In  some  of  these 

the  globe.    From  Terra  del  Fuego,  Ohe  lu^\  *™^^  ^®  f^?®  ^"^  Pyrenees. 

hna  of /Ire J  to  the  peninsula  of  Alaska.  *'  T  ^"  observed,  that  the  nooks  or 

_2  "*g*®8  on  each  side  correspond  with 

•  Vamviiu.  such  cxactncss  to  projections  on  the 

t  Ob  the  pwiwau  of  Kamtchatka.  Opposite  side,  that  If  it  fitn  iK>Ssibl# 
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to^emrt  a  force  suffioient  to  bring  their 
fides  together,  they  would  fit  into  each 
ether  so  oloselj,  that  no  trace  of  the 
opening  would  remain.  Such  yaJleys 
ae  these  would  seem  to  have  been 
formed  by  some  convulsion  of  nature. 
The  naiTOw  openings  which  are  the 
entrance  to  the  nigh  valleys,  are  called 
pMMS  or  deflleMt  and  these  are  often  of 
the  most  gloomy  and  terrific  aspect.  Val- 
leys, whieh  are  upon  a  lower  level  than 
the  class  just  mentioned,  are  wider  and 
more  soft  in  their  features,  and  gradu- 
ally lose  themselves  in  the  plains. 
Piaim  are  hkewise  of  two  kinds.  Those 
which  are  extensive,  but  very  elevated, 
come  under  the  denomination  of  table 
land.  There  are  several  plains  of  this 
sort ;  but  the  most  remarkable  are  those 
among  the  Andes*,  those  of  Mexico,  and 
the  immense  plains  in  central  Asia,  to 
the  north  and  north-east  of  Hindustan. 
The  great  Himalayan  and  Altaian 
chains  form  the  ramparts,  as  it  were,  of 
this  extensive  and  desolate  table-land,  a 
large  proportion  of  which  is  the  desert  of 
Gtobit  or  Shamo.  The  low  pkUtu^ 
from  the  nature  of  their  soil,  seem  for- 
merly to  have  been  covered  by  the  sea. 
The  laige  plain,  to  the  south  of  the 
Baltic,  is  one  out  of  several  instances  of 
this  character. 

On  Islands, 

Large  islands  exhibit,  on  a  smaller 
scale,  the  same  appearances  as  the 
continents :  upon  them,  therefore,  it  is 
unnecessary  to  make  any  observations  , 
but  with  respect  to  smaller  islands,  the 
circumstance  of -their  commonly  being 
in  groups  or  chains,  deserves  attention. 
Some  are  banks  of  sand,  just  raised 
above  the  surface  of  the  water.  Many 
islands,  especiall}^  those  in  the  South 
Sea,  owe  their  origin  to  the  marine  in- 
sects which  produce  the  coraL  Some 
groups,  as  has  already  been  observed, 
ap])ear  to  have  been  raised  up  by  the 
action  of  submarine  volcanoes.  Since 
the  bed  of  the  ocean  possesses  as  much 
variety  of  surface  as  the  land,  there  is 
no  doubt  that  groups  or  chains  of  is- 
lands very  near  to  each  other,  and  which 
have  not  t)een  raised  up  by  such  pro- 
cesses as  those  just  alluded  to,  are  only 
the  different  summits  of  an  extensive 
submarine  system  of  mountains;  and 
when  these  collections  of  islands  lie 

•  Tnr  plains  of  Quito  art  12,000  feet  abore  the 
lere  1  of  the  sea. 

t  This  word,  whieh  is  niuallj  bat  incorreetlr 
written  Kobi  or  i7oK  signiAes  a  itaktd  dtmU 


close  to  mountains  on  shore,  they  may 
be  considered  as  a  continuation  of  the 
latter.  The  Aleutian  isles,  which  run 
in  a  curve  south  of  Behring's  strait, 
connect  in  this  manner  the  mountains 
of  the  New  with  those  of  the  Old  World. 
In  some  cases,  where  a  chain  of  islands 
extends  from  one  part  of  the  shore  of  a 
main  land  to  another,  it  would  appear 
as  if,  at  a  remote  period,  the  sea  had 
overwhelmed  a  portion  of  the  main 
land,  leaving  those  spaces  uncovered 
which  now  form  the  islands.  This 
seems  still  more  probable  if  the  water 
on  the  land  side  of  the  chain  be  not  very 
deep,  or  if  the  islands  are  of  a  lofty  and 
mountainous  character.  It  has  been 
supposed  that,  among  others,  the  West 
India  islands  and  the  Archipelago  be- 
tween New  Holland  and  the  opposite 
coast  of  Asia,  were  rendered  insular  by 
an  incursion  of  the  ocean  having  de- 
tached them  from  the  continents  to 
which  (if  this  sunposition  be  just)  they 
formerly  belongea. 

On  Springs  and  Rivers. 

The  origin  of  the  numerous  springs 
that  break  forth  from  beneath  the  eartlvs 
surface  cannot  be  referred  to  one  exclu- 
sive cause.  The  internal  reservoirs  by 
which  they  are  supplied  are,  in  many 
cases,  denved  from  the  water  which  the 
earth  absorbs  from  rains  and  melted 
snow ;  from  these  reservoirs,  wherever 
there  is  uneven  or  mountainous  ground, 
the  water  flows  out  by  minute  fissures 
in  the  sides  of  the  hills.  But  when  we 
see  springs  rising  up  in  plains,  it  is  evi- 
dent that  they  must  have  ascended^  that 
is,  travelled  in  a  direction  contrary  to 
that  produced  by  the  force  of  gravity, 
in  order  to  reach  the  surface.  1  his,  no 
doubt,  is  sometimes  to  be  attributed  to 
water  flowing  under  ground  from  distant 
elevations,  and  to  the  natural  tendency 
of  a  liquid  to  find  its  level.  But  the 
rising  up  of  springs,  in  plains,  cannot 
always  be  accounted  for  in  this  man- 
ner ;  and  it  has,  therefore,  been  sup- 
posed, that  the  earth  contains  capil- 
lary tubes,  the  effect  of  which,  in  at- 
tracting hquids  upwards,  is  explained 
in  Chapter  YIII.,  of  the  treatise  upon 
Hydrostatics.  It  is  also  evident  that 
such  springs  as  suffer  no  diminution 
even  from  the  longest  continued  dry 
weather,  must  be  derived  from  a  source 
quite  independent  of  rains,  and  other 
external  means  of  supply.  They  must, 
therefore,  proceed  from  some  vast  body 
of  water  within  the  earth;  and  it  has. 
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with  apparent  reason,  been  concluded,  in  a  certain  decree,  true,  because  the 

that  many  springs  arise  from  Uie  ocean  greater  the  bulk   of  the  mountains,  the 

filtering  through  the  pores  of  the  earth,  more  numerous  the  springs  and  torrents 

the  salt   particles   bdng  lost   in  the  which  they  furnish;  but  the  rdation 

passage.  between  the  extent  of  a  riyer  and  the 

Springs,  which  have  their  waters  surface  of  its  basin  is  much  closer  and 

combined  with  mineral  substances,  and  more  invariable.    Even  this  is  not  siif  • 

are,  from    that   circumstance,    called  ficiently  comprehensive,  for  it  is  evident 

mineral,  are  veiy  numerous,  and  of  va-  that  the  size  of  a  river  depends  upon 

rious  kinds,    frarm  and  hot  springs  are  three  circumstances — the  snrfiBLoe  of  its 

also   common,  especially  in    volcanic  basin — ^the  abundance  or  otherwise  of 

countries,  where  they  are  sometimes  that  surface  m  springs— and  the  degree 

distinguished    by    violent    ebullitions,  of  humidity  possessed  by  the  climate  of 

Iceland  is  noted  for  these  cmious  phe-  the  region  from  which  it  draws  its  sup- 

pomena:  its  celebrated  boiling  fountain,  plies.    As  many  springs,  however,  are 

the  great  Geyser,  frequently  throws  out  formed  by  the  rains,  the  second  of  these 

its  contents  to  the  height  of  more  than  circumstances  will,  in  some  measure, 

a  hundred  feet,  sometimes  to  twice  that  vary  with  the  last.    By  an  8tt£!ntion  to 

devation.  these  remarks,  the  causes  of  the  great 

Rivers  are  to  be  traced  to  springs,  or  size  of  the  South  American  rivers  will 
to  the  gradual  meltings  of  the  ice  and  be  apparent.  The  peculiar  position 
snow  wiich  perpetually  cover  the  sum-  of  the  Andes  with  respect  to  the  plain 
mits  of  all  the  most  elevated  ranges  of  of  that  continent, — the  fact  that  by  veiy 
mountains  upon  the  globe.  The  union  far  the  largest  ])roportion  of  its  runnins' 
of  various  springs,  or  of  these  meltings,  waters  are  drained  off  in  one  generu 
forms  rivulets :  fliese  last  follow  the  de-  direction  (towards  the  Atlantic) — the 
clivity  of  the  ground,  and  commonly  multiplicity  of  streams  that  intersect  the 
fall,  at  different  stages,  into  one  great  country, — and  the  humidity  of  the  di- 
channel,  called  a  river,  which,  at  last,  mate,  all  contribute  to  that  result  The 
discharges  its  waters  into  tiie  sea,  or  Andes  being  placed  so  near  the  coast 
some  great  inland  lake.  The  declivi-  of  the  Pacific,  the  rivers  which  flow 
ties  along  which  descend  the  various  fi-om  them  into  that  ocean  are  small ; 
streams  that  flow  into  one  particular  while  those  which  fiow  on  the  other  side 
river  are  caUed  its  basin,  a  term,  there-  having  such  an  immense  space  to  tra- 
fore,  which  includes  the  whole  extent  verse,  are  swelled  into  a  most  majestie 
of  country  from  which  the  waters  of  the  volume  before  they  reach  the  Atlantic 
river  are  drawn.  As  mountainous  re-  The  physical  circumstances  of  the  old 
gions  abound  in  springs,  we  find  that  continent  are  unfavourable  to  the  ao- 
most  rivers,  more  especially  those  of  cumulationof  such  vast  bodies  of  water 
the  first  class,  commence  from  a  chain  as  the  rivers  of  South  America.  Europe 
of  mountains :  each  side  of  a  chain  also  is  not  of  sufficient  extent ;  Africa  ii  op- 
has  its  springs,  and  the  rivers  which  pressed  by  a  scorching  climate,  and 
originate  on  one  side  flow  in  the  oppo-  abounds  in  sandy  deserts ;  in  Asia  the 
site  direction  to  those  which  rise  on  the  atmosphere  generally  is  not  so  moist. 
other.  As  it  is  the  property  of  water  while  the  more  central  position  for  the 
to  follow  the  most  rapid  descent  that  most  part  of  the  great  mountainous 
comes  in  its  way,  the  courses  of  range  of  that  continent,  and  the  exist- 
streams  naturally  point  out  the  van-  ence  of  capacious  inland  lakes*,  which 
ous  declivities  of  the  earth's  surface,  are  the  final  receptacles  of  the  streams 
and  tiie  line  from  which  lai^e  rivers  that  fall  into  them,  are  the  causes  whv 
flow  in  contrary  directions  will  gene-  the  waters  are  more  equally  drained  off 
rally  mark  out  the  most  elevat^ed  parts  in  different  directions  than  in  tlie  New 
of  the  earth.      In  European  Russia,  World. 

where  the  rivers  are  very  extensive,  there        When  water,  by  following  a  descent* 

is,  however,  a  singular  exception  to  this  has  once  received  an  impulse,  the  pres- 

rule,  the  line  which  separates  the  sources  sure  of  the  particles  behind  upon  those 

of  those  rivers  being  very  little  above  the  before  will  hh  sufficient  to  keep  the 

level  of  the  Baltic  or  of  the  Black  sea.  stream  in  motion,  even  when  there  is  no 

It  has  been  observed  by  some  writers,  longer  a  dediTity  in  the  ground.    The 

that  the  extent  of  a  river  is  in  propor-  only  effect  is,  that  in  passing  along  a 

tion  to  the  height  of  the  range  of  moun-  —  - 

tains  from  which  it  descend.    This  is,  ♦The  CMpiaa  Ses  ud  J^k*  AnO. 
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level,  the  conrse  of  the  stream  becomes  Spain  the  phenomenon  exhilnted  by  the 

gradually  slower,  an  effect  which  may  Ghiadiana,  which  has  its  waters'  dis- 

be  perceived,  more  or  less,  in  all  run-  persed  in  sandy  and  marshy  grounds, 

ning  waters  that  originate  in  mountain-  whence    they    afterwards    emerge    in 

ous  or  hilly  tracts,  and  afterwards  tra-  greater  abundance,  is  to  he  referred  to 

verse  the  plains.  The  declivity  of  many  the  absorbing  power  of  the  soil, 

great  rivers  is  much  less  than  might  at  Rivers,  in  their  junction  with  the  sea, 

first  be  supposed.     The  Maranon  or  present  several  appearances  worthy  of 

Amazons  has  a  descent  of  only  lOi  feet  notice.     The   opposition    which  takes 

in  200  leagues  of  its  course,  that  is,  sVUi  place  between  the  tide  and  their  own 

§art  of  an  inch  for  every  1000  feet  of  currents  occasions,  in  many  instances, 
lat  distance.  The  Loire,  in  France,  the  codlection  at  their  mouths  of  banks 
between  Pouilly  and  Briare,  falls  one  of  sand  or  mud,  called  bars,  on  account 
foot  in  7,500,  but  between  Briare  and  of  the  obstruction  which  they  offer  to 
Orleans,  only  one  foot  in  13,596.  Even  navigation.  Some  streams  rush  with 
the  rapid  ithine  has  not  a  descent  of  such  force  into  the  sea,  that  it  is  pos- 
more  than  four  feet  in  a  mile,  between  sible,  for  some  distance,  to  distinguish 
Schaffhausen  and  Strasburg,  and  of  their  waters  from  those  of  the  sea.  Tl^e 
two  feet  between  the  latter  place  and  shock  arising  from  tiie  collision  of  the 
Schenckenschantz.  When  nvers  pro-  current  of  ttie  majestic  Amazons  with 
ceed  through  mountainous  and  rugged  the  tide  of  the  Atlantic  is  of  the  most 
country,  they  frequently  fall  over  pre-  tremendous  description.  Many  of  the 
cipices  and  form  cataracts,  in  some  largest  rivers  mingle  with  the  sea  by 
cases  several  hundred  feet  in  depth,  means  of  a  single  outlet,  while  others, 
The  most  celebrated  falls  in  the  world  for  instance  the  NUe,  the  Ganges,  the 
are  those  of  the  Niagara,  in  North  Volga,  the  Rhine,  and  the  Orinoco,  be- 
America.  fore  their  termination,  divide  into  several 
In  the  tropical  regions  most  of  the  branches*.  This  circumstance  will  de- 
rivers  are  subject  to  periodical  over-  pend  upon  the  natiure  of  the  soil  of  the 
flowings  of  theff  banks,  in  consequence  country  through  which  a  river  runs ; 
of  the  rains  which  annually  fall  in  such  but  it  also  frequently  results  from  the 
abundance  in  those  countries  .during  the  velocity  of  the  stream  being  so  much 
wet  season.  The  overflow  of  the  NUe  diminished  in  its  latter  stage,  that  even 
was  considered  by  the  ancients,  who  a  slight  obstacle  in  the  ground  has 
were  ignorant  of  its  cause,  as  one  of  the  power  to  change  its  course,  and  a  num- 

f'eatest  mysteries  of  natiu^,  because  in  ber  of  channels    are   thus  produced, 

gypt,  where  the  overflow  takes  place,  no  Another  cause  may  be  assigned  for  the 

rain  ever  falls.  The  apparent  mystery  is  division  into  branches  of  those  rivers, 

easily  explained,  by  the  circumstance  which,  in  tropical  countries,  periodically 

of  the  rains  descending  upon  the  moun-  inundate  the   plains ;  the  superfluous 

tains  In  the  interior  of  Africa  where  the  waters  which,  at  those  periods,  spread 

Nile  rises.    The  consequent  accumu-  over  the  country,  find  various  outlets, 

lation  of  the  waters   among  the  high  which  are  afterwards  rendered  pei*ma- 

^ounds  gradually  swells  the  river  along  nent  by  the  deepening  of  the  channels 

its  whole    extent,  and   in  about   two  hy  each  successive  flood.     In  some  of 

months  from  the  commencement  of  the  the  sandy  plains  of  the  torrid  zone  the 

rains,  occasions  those  yearly  inunda-  rivers  divide  into  branches,  and,  from 

tions,  without  which,  Egypt  would  be  ^^  nature  of  the  soil  and  the  heat  of  the 

RO  better  than  a  desert  climate,  they  are  absorbed  and  evapo- 

The  disappearance  of  some  rivers  for  rated,  and  thus  never  reach  the  sea. 
a  ceriain  distance  under  ground  is  ac- 
counted for  with  equal  facility.    Wlien  On  Lakes. 
a  river  is  impeded  in  its  course  by  a  Lakes  may  be  classed  into  /our  dis- 
bank  of  solid  rock,  and  finds  beneath  it  tinct  kinds.     The  Jirst  class  includes 
a  bed  of  a  softer  soil,  the  waters  wear  those  which  have  no  outlet,  and  which 
away  the  latter,  and  thus  make  for  them-  do  not  receive  any  running  water,  lliey 
selves  a  subterraneous  passage.  In  this  are  usually  very  small ;  some  appear  to 
way  are  explained  the  sinking  of  the  be  the  craters  of  extinct  volcanoes  filled 
Rhone,  between  Seyssel,  and  rEduse, 

and  the   formation,  in  Virginia,  of  the  •  The  trianjfular  spare  formed  by  a  river  pouring 

magnificent  rock  bridge  which   over-  i**f^^  j"^"  ^^  "*  V  various  mouths,  is  called  a 

hangs  the  course  of  the  Cedar  creek.  In  ^S-'SSir^STMc""""*'*^ 
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with  water.    The  Mcondf  cto«  are  tho8«   jectures  have  beeo  offered  to  aeeotint 
which  hav«  an  ouUet,  but  which  receiva    for  this  apparent  anomaly ;    but,  after 
no  running  water.     They  have  been    all,  the  process  of  evaporation  seems 
formed  by  springs  flowing  into  some    quite  sumeient  to  explam  it,  especially 
large  hollow :  upon  the  waSer  rising  up    when  we  consider  the  extensiveness  (k 
to  the  top  of  the  hollow,  it  would,  of   the  surface  which  this  inland  sea  (as  it 
course,  run  over  the  lowest  part  of  the    is  termed)  presents,  to  be  acted  upoc 
edge,  and  Urns  find  an  outlet,  and  these    by  the  atmosphere.    Lake  Aral  is  much 
outlets  are,  in  some  cases,  the  begin-    sm^er  than  the  Caspian,  but  possesses 
nings  of  very  large  rivers.    As  these    the  same  peculiarities,  and,  from  the 
lakes  receive   no  stream,   they   must    character  of  the  isthmus  which  sepa- 
necessarily,  in  most  cases,  be  in  ele-    rates  them,  it  is  supposed  that  they  for* 
vated  situations.    There  is  one  of  this    merly  composed  one   body  of  waier. 
kmd  on    Monte  Rotondo  in  Corsica,    They  are  both  9alt  lakes,  and  are  dis- 
whdch  is  9000  feet  above  the  level  of  tinguished  by  marine  productions ;  from 
the  sea.  these  circumstances  it  has  been  con- 

The  third  dasM^  which  embraces  aU  jectured  tiiat  they  must,  at  a  very  remote 
those  which  both  receive  and  discharge  period,  have  been  connected  with  the 
streams  of  water,  is  much  more  nume-  Black  Sea.  If  such  a  connection  ever 
rous  than  any.  Though  they  are  the  existed,  the  separation  majr  have  beai 
receptacles  of  many  streams  from  the  occasioned  by  an  accumulation  of  allu- 
nei^nbouring  country,  they  usually  have  vial  soil,  brought  down  by  the  rivers 
each  but  one  ouUet,  which  often  takes  Don  and  Volga, 
its  name  from  the  principal  river  that  The  phenomena  presented  by  some 
runs  into  the  lake.  The  largest  lakes  lakes  are  of  a  very  curious  kind.  Se« 
of  this  class  are  the  immense  bodies  veral  of  these  bodies  of  water  axe  pe- 
of  water  in  North  America,  between  riodiccU  in  their  appearance.  In  tropi- 
Canada  and  the  United  States.  There  cal  countries,  owing  to  the  violent  rains 
are  five,  (Supeiior,  Michigan,  Huron*  and  the  overflowing  of  the  rivers,  spac& 
£rie,  and  Ontario,)  almost  like  seas  in  of  several  hundred  miles  are  often  co- 
extent,  connected  together,  and  their  vered  with  wafer.  South  America  has 
purity  is  maintained  oy  means  of  the  large  lakes  which  are  annually  formed 
continual  flow  of  water  which  is  kept  in  this  manner,  and  are  again  dried  up 
up  from  one  to  another.  Their  flnal  by  the  powerful  evaporation  of  an  equa- 
outlet  to  the  Atlantic  Oceania  the  sreat  tonal  climate.  Some  lakes  there  are 
river  St.  Laurence.  Lake  Baikal,  in  which  periodically  appear  and  disappear, 
Asiatic  Russia^  is  also  remarkable  for  owing  (it  is  thought)  to  their  invisible 
its  size ;  it  sends  forth  a  large  stream  connexion  with  some  subterranean  re- 
which  joins  the  Yenisei.  servoir,  by  the  alternate  increase  and 

Th^  fourth  class  of  lakes  comprises  a  diminution  of  which  thev  are  necessa- 
very  smidl  number,  but  they  are  the  rily  influenced.  Lake  Cirknitz  in  lUyria 
most  singular  in  their  character  of  all.  is  of  this  description.  The  motions  and 
They  are  those  which  receive  streams  agitations  which  certain  of  these  bodies 
of  water  and  often  great  rivers,  but  of  water  experience  are  more  diflicult 
have  no  visible  outlet  whatever.  The  to  explain.  Some  of  them  appear  agi* 
most  celebrated  are  the  Caspian  Sea  tated  by  the  escape  of  subterraneous 
and  Lake  Aral,  both  situated  in  the  gases,  or  by  winds  that  blow  in  some 
west  of  Asia.  The  Caspian  is  between  cavern  with  which  they  cooununicate. 
600  and  700  miles  long,  and,  in  one  part.  Loch  Lomond,  in  Scotland,  and  Lake 
between  300  and  400  miles  in  width ;  Wetter,  in  Sweden,  are  often  violently 
it  receives  some  very  large  rivers,  the  agitated  during  the  calmest  weather, 
chief  of  which  are  the  Volga,  the  Ural  The  floating  islands  which  exist  in  se- 
or  Yaik,  and  the  Kur ;  yet,  notwith-  veral  lakes,  seem  to  have  been  form^ 
standing  the  plentiful  supply  of  water  by  the  water  first  undermining  and  then 
which  is  constantlv  being  poured  into  detaching  from  the  bank  very  light  earth 
it,  it  not  only  exhibits  no  increase,  but  of  the  nature  of  peat ;  sometimes  they 
there  is  strong  reason  to  believe,  from  are  merely  reeds  and  roots  of  trees 
the  appearances  round  its  shores,  that  woven  together.  Those  of  the  lake  of 
its  surface  is  now  much  lower  than  it 
was  at  a  former  period  *.    Many  con-  " 

,  ,  ; of  the  Caspian  wat  aacertainod  to  be  306  feat  belov 

*  By  mcHtis  of  observations  made  with  the  barome-     that  of  the  Baltip,  Md  Mftrlr  S46  below  tbat  af  lb* 
ter  upon  the  coaats  of  the  lereml  seaa,  the  aorfaea     Black  Sea, 
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Gerdiau,  in  Prat  sia,  are  said  to  yield  they  are  not  only  enveloped  in  loose 
pasturage  for  one  hundred  head  of  sand,  hut  are  often  inclosed  in  the 
cattle ;  and  in  the  laJce  of  Kolk,  in  Osna-  hardest  rocks.  Every  part  of  the  earth, 
bruck,  there  is 'one  which  is  covered  every  continent,  every  island  of  any  ex- 
yvith  dm  trees.  tent,  exhibits  the  same  phenomenon.** 

(CutnefB  Eswy  on  the  Theory  qf  the 
On  the  Changee  whM  take  place  in  the  Earth.)  The  perfect  state  in  which 
Earths  Surface. — Action  of  Running  these  shells  are  generally  found,  and  the 
Waters. — Breaking  down  of  Coaete.  regularity,  thickness,  and  extent  of  the 
— Encroachment  of  Sonde. — Farm*  beds  that  contain  them,  prove  that  they 
ation  of  New  lelands. — Voleanoee^^  could  not  have  been  deposited  in  their 
Earthquakes.  places  bv  any  temporary  invasion  of 

_,         XI-       .  4.      J         1  .the  sea,  but  that  the  water  must  have 

From  the  quiet  and  regidar  succession    regained  there  long  enough  in  a  stata 
of  natural  events  to  which  we  are  accus-    ^f  tranquillity,  to  have  allowed  them 
t  oraed,  and  the  repugnance  we  feel  to    graduaUy  to  deposit  themselves.    Some 
the   idea   that  it  is  possible  for   the    %^  ^^  /t^^ta  of  marine  formation  are 
course  of  nature  to  suffer  interruption,    ^^^^  ^^^  ^^^^^  than  others;  whUe 
we  might,  without  due  investigation,    j„  t^e  midst  of  even  the  oldest  s^ta  of 
almost  persuade  ourselves  that  the  phv-    ^his  kind,  other  strata  appear  fiiU  of 
sical  features  and  condition  of  the  globe    ^j^^  ^r  vegetable  remains  of  land  or 
possess  an  unchangeable  character.   So   fi^Swater  productions.    On  these  ac- 
far,  however,  is  this  from  being  the  •'^^unts,  it  would  seem  as  if  the  land, 
case,  that  there  is  no  counti7  wherein    ^^^  inhabited  by  man,  had  experienced 
traces  are  not  discovera-ble  of  the  W    ^^^^^  successive  irruptions  and  re- 
changes  and  violent  revoluUons  of  which    ^^  ^^  ^^  ^     Th««  are  also  ap- 
the  earth  has  formerly  been  the  thea^e.    pearances  which  lead  to  the  conclusion 
The  confusion  onen  exhibited  m  the    {hat  the  catastrophes  which  have  occa- 
position  of  the  different  strata  or  layers    .i^^^  ^hese  changes  have  been  sudden 
of  which  the  crust  of  the  earth  is  com^    and  violent.     To  numberless  living  be- 
posed,  the  frequent  discovery  of  the  re-    ^        ^hey  were  the  messengers  6f  de- 
mains  of  animals  and  vegetables  deeply    jtruction.  and  of  many,  the  very  races 
buried  m  the  soil,  and  many  other  ap-    have  been  utterly  extinguished.  Cuvier. 
pearances,  testify  that  the  surface  of  he    ^^e   celebrated  French    geologist  and 
globe  has  undergone  convulsions,  to  the    natural  historian,  from  an  oblation 
production  of  which  none  of  the  naturia    ^f  the  fossil  bones  of  more  than  one 
agents  with  which  we  are  acquainted    hundred  and  fifty  quadrupeds,  hss  de- 
can  be  regarded  as  adequate;  unless    termined  that  upwards  of  ninety  of  these 
they  once  Mted  m  a  method  and  w»th    ^^^^  ^.^  of  kinds  unknown  to  na- 
an  extent  of  violence,  of  which  it  is  mi-    turalists.  There  can  be  no  doubt  that  the 
possible  for  us,  by  reference  to  what    evolutions  in  which  these  animals  were 
now  exists,  to  form  a  conception.     The    destroyed,  occasioned  great  changes  of 
lowest  and  most  level  parte  of  the  earth    ^^^^^  j^  ^         3^  ^^  the  earth,  and 
exhibit  nothing,  even  when  penetrated    ^hat  in  some  instances,  at  any  rate,  the 
to  a  very  great  depth,  but  liorizontal    change  took  place  very  rapidly.    Fossil 
strata,  compos^  of  substances  more  or      ^^^   ^^^  animals  of  simU^  kinds  to 
less  vaned,  and  coutainmg  ahnost  aU    ^^^^  ^hich  still  exist  in  warm  regions, 
of  them  mnumerable  manne  produce    have  been  found  in  counhies  whSe  thi 
tions.    Sunilar  strata,  with  Uie  same    ^^,1^  ^^  ^^  ^u^^h  beyond  what  such 
kind  of  productions,  compose  the  lesser    j^^n^s  are  capable  of  sustaining ;  and  in 
hills  to  a  considerable  height.    Some-    ^he  arctic  lone.  the  careasses  of  large 
times  the  shells  are  so  numerous  as  to    quadrupeds  have  been  discovered  en- 
constitute  of  themselves  the  entire  mass    veloped  in  the  ice  with  their  skin,  hair, 
of  the  rock;  they  rise  to  elevations  su-    ^^  fle^h,  still  remaining,  so  that  the 
penor  to  the  level  of  every  part  of  the    alteration  in  the  chmate  must  have  oc- 
ocean,  and  are  found  in  places  where    purred  with  such  suddenness,  as  to  pre- 
no  sea  could  have  earned  them  at  the    ^^^  their  bodies  from  being  decomposed 
present  day,  under  any  circumstances;*    by  putrefaction. 

Such  are  some  of  the  traces  that  bear 

witness  to  the  revolutions  which  the 


•  Fo<jii  iA«//f  kare  been  foand  M  tiM  ftiiamiti  of    gurfiy^  of  the  globc  has  Undergone. 

iBe  PvrrneeK  :  ud  Bmonc  tke  Andes  as  mtdfc  M     mL^^       j  "*  i  6**'"^   **»»  ^^Awgvw. 

.3  and  u.ooa  feet  aboTe  (te  krcl  of  tte  Ma.  Iiiflse  wonoerfol  and  destructive  events. 
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of  the  immediate  causes  of  which  no-    waves,  by  casting  tip  sand  upon  tfaes!, 
thing  can  be  declared  with  certainty,  .  assist  in  their  increase,  whole  provinces 
must  have  long  ceased ;  but  the  earth    are  created,  capable,  firom  their  Ti<^s3^ 
has  since  expenenced,  and  is  still  expe-    of  yielding,  in  the  highest  degree,  to  the 
riencing,  changes  of  a  very  perceptible    support  of  man,  and  of  bein^  made  th« 
kind,  which  we  shall  now  proceed  to    seats  of  wealth  and  civilization, 
notice.  It  has  been  concluded,  with  reason. 
Of  the  several  agents  which  contri-    that  the  greater  part  of  Lower  Eqrpt 
bute  to  these  changes,  water  has  the    owes  its  formation  to  the  alluvial  matter 
widest  sphere  of  activity.    In  all  abrupt    brought  down  by  the  Nile,  aided  by  the 
and  precipitous  mountains,  fragments    sand  cast  up  by  the  sea.     M.  I>olooiies 
of  earth  and  rock  are  continually  falling    has    endeavoured   to    show    that    the 
down  from  the  higher  parts,  owinjj  to    tongue  of  land  on  which  Alexandria 
^e  slow,  but  effectual  action  of  rams,    was  built,  (331  years,  bef(»e  Chnst,» 
storms,  &c. ;  and  these  become  rounded    did  not  exist  in  the  days  of  Homer ; 
l^  rolling  upon  each  other.  These  frag-    (about  900  B.  C.,)  and  that  the  lake 
ments  collect  upon  the  sides  and  at  the    Mareotis  was,  at  the  latter  period,  a 
foot  of  the  mountains,  and,  on  some  oc-    large  gulf  of  the  sea.     In  the  time 
casions,  when  undermined  by  rivulets  *,    of  Strabo,  the  geographer,  who  Kved 
have  been  known  to  slip  down  in  im-    about  the  commencement  of  the  Chris- 
mense  masses,  and  by  stopping  up  the    tian  aera,  this  gulf  had  been  inclosed  by 
course  of  rivers,  create  great  devasta-    land,  and  is  described  as  a  kike  of  six 
tion.    But,  without  any  such  extraordi-    leagues  in  length.  More  certainty  exists 
naxy  occurrences  as  these,  the  streams    as  to  the  changes  that  have  ooeurred 
that    descend,   along    the    flanks    of   since  that  period.    The  sand  thrown  up 
elevated  grounds    carry    along    with    by  the  sea  and  wind  has  formed,  near 
them  some  portion  of  the  materials  of   the  ^ite  of  the  ancient  town,  a  narrow 
their  respective  slopes,  especially  when    tongue,  on  which  the  modem  Alexao- 
swelled  mto  violence  by  rains  or  the    dria  stands.    It  has  blocked  up  the 
melting  of  snows ;  and  such  as  come    nearest  mouth  of  the  Nile,  and  reduced 
from  mountains  sweep  down  with  them    the  lake  Mareotis  almost  to  nothing; 
even  some  of  the  fra^ents  of  rock  that    while  the  rest  of  the  shore  has  been  very 
have  been  collected  m  the  high  valleys,    much  extended  by  the  continual  depo- 
In  proportion,  however,  as  these  streams    sition  of  alluvial  matter.    In  the  time 
reach  the  more  level  country,  and  their    of  the  ancients,  the  Canopian  and  Pelu- 
channels  become  more  expanded,  they    sian  were  the  principal  mouths  of  the 
deposit  the  fragments  and  stones,  till  at    Nile,t  and  the  coast  ran  in  a  straight 
last  their  waters  convey  along  onlv  par-    line  from  the  one  to  the  other.    The 
tides  of  mud  of  the  minutest  kind.    If,    water  now  passes  out  chiefly  through 
therefore,  these  waters  do  not  run  too    the  Bolbitian  and  Phatnitic  mouths ; 
rapidly  into  the  sea,  or  the  particles  in    and  round  them  the  greatest  depositions 
question    do  not  previously  settle  in    have  taken  place,  to  which  the  coast  is 
some  lake  through  which  the  rivers    indebted  for  its  swelling  outline.    The 
pass,  the  mud  is  deposited  at  the  sides    eities  of  Rosetta  and  Damietta,  which 
of  their  mouths,  forming  low  grounds,    were  built  upon  these  mouths  close  to 
by  which  the  shores  are  prolonged  and    the  sea,  less  than  1000  years  badt,  are 
encroach  upon  the  sea ;  and  when  the    now  six  miles  distant  from  it    At  the 
. .^   same  time  that  the  sediment  of  the  Nile 

•  Lar|e  masses  of  rock  bare,  howerer,  been  known     OCCasiouS  an  extension  of  the  land,  both 
to  detach  themselves,  and  roll  down  from  monntaina     the  bed  of  the  river   and  the  COUntrv 

'1'°M"J.'2r:.?'.'?';iTd...„,.  i..p.i»_m    whid,  is  periodically  covered  by  tfie 

there  is  an  interesting  description  of  the  fall  of  a     OVerfloW   Of  the  waters,   are,   from   tile 

Y^rxoti&ontQvttix^x.xn  Savoy,  which  took  place  in    same  causc,  gradually  beiniT  raised  to  a 

IS48.  The  nuns  spread  over  an  extent  of  nine  square  „,^^i.^       i    *  ?•          »-y  •^^^-g -~'»^  w  » 

miles,  and  entirely  bnriod  five  pariuhcs.  and  the  g'^atcr  ClevatlOn.     As   a  prOOf  of  this 

town  and  church  of  St.  Andr^.    Some  of  the  small  elevation  of  the  SOil,  it  is  stated  that  at 

hills  or  rocks,  of  which  the  ruins  consist,  are  at  the  Poty/>     KA<v««Mk    ^Ua  ^.»  ^t  *u-,  ^..^^    ■ 

distance  of  three  and  four  miles  from  the  mountains  ^^^^*   hcforC    the  nSC  of  the  HVCr   IS 

from  which  they  were  separated.    This  catastrophe,  — _— »-«_«^»___^_____^.^___^_____ 

Mr.  Bakewell  remarks,  must  have  been  eansed  by  — ^— — — — ^— — — — ^■^— ^— — 
the  gradual  decay  of  the  soft  strata,  of  which  the 


-vPL*1S"  I?"*  *"  appearances  about  Mont  Grenier     .dU  exists,  but  in  a  very  inainifieast  state.  flowiW 
Which  threaten  a  renewal  of  the  catastrophe  of  1S48.     through  the  lake  Menwlih.  ^ 
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deemed  suiHdent  for  the  purpose  of  the  last  two  centuries.  Such  indeed  has 

irrigation,  its  height   must  exceed  by  been  the  increase,  that  the  city  of  Adria, 

3i  feet  that  which  was  requisite  ten  which  there  is  no  doubt  was,  at  a  very 

centuries  ago.   According  to  this  state-  remote  date,  seated  on  the  coast  of  the 

xnent,  the  ground  must  have  been  rused  Adriatic,  is  now  more  than  fifteen  miles 

at  the  rate  of  nearly  44  inches  in  a  cen-  distant  from  the  nearest    part  of  it. 

tury.    The  ancient  monuments  of  the  The  distance  from  the  same  city  to  the 

land  all  have  their  base.s,  more  or  less,  extreme  point  of  the  promontory  of  the 

covered  by  the  mud  which  has  been,  alluvial  land,  deposited  round  what  is 

for  ages,  accumulating  around  them.  now  the  principal  mouth  of  the  Po,  is 

^  The  delta  of  the  Rinone  undei^oes  a  upwards    of  twenty    miles.     At    the 

similar  augmentation,  and  it  would  ap«  same  time  that  river  has  so  much  raised 

pear  that  the  arms  of  that  river  have,  the  level  of  its  bottom,  that  the  surface 

in  the  course  of  1800  years,  become  of  its  waters  is  now  higher  than  the 

longer  bv  three  leagues ;  and  diat  many  roofs  of  the  houses  in  Ferrara ;  and  the 

E laces  which  were  once  situated  on  the  Adif  e  and  the  Po  are  higher  than  the 
rink  of  the  sea^  or  of  laige  pools,  are  whme  tract  of  country  Iving  between 
now  several   miles  distant  from   the  them.    The  high  level  above  the  sur- 
"water.  In  Holland  and  Italy,  the  Rhine  rounding  plain,  attained  by  the  Rhine 
and  the  Po,  since  thev  have  been  banked  and  the  Meuse  in  Holland,  since  they 
up  by  dikes,  ruse  tneir  beds  and  push  have  been  baiJced  up ;  the  additions  of 
forwiurd  their  mouths  into  the  sea  with  land  that  have  been  made  alon^  the 
great  rapidity.    Many  cities  which,  at  shores  of  the  North  Sea,  in  Holstein, 
X>eriods  withm  the  range  of  history,  Friesland,  Groningen,  &c. ;  and  the  di- 
were  flourishing  sea- ports,  have,  by  the  minution  of  the  sea  of  Azof,  by  the  en- 
encroachments  on  the  water,  been  de-  trance  of  alluvial  matter  from  the  Don, 
prived  of  their  importance.   It  is  with  are  further    instances  of  the  changes 
extreme  difficulty  tnat  the  Venetians  are  which  nature  is  able  toproduce  by  the 
able  to  preserve  the  lagunes  *  by  which  most  simple  means.     The  Yellow  Sea 
their  city  is  separated  from  the  main  (so  named  from  its  waters  being  colour- 
land  ;  and  in  all  probability  Venice  is  ed  by  an  intermixture  of  particles  of 
destined  to  experience  the  fate  of  Ra-  Z^^^^  mud)  affords  a  similar  example, 
venna,  which,  according  to  Strabo,  stood  This  sea,  which  lies  between  the  penin- 
among  lagunes  in  the  time  of  the  Ro-  sula  of  Corea  and  the  eastern  coast  of 
man  emperor  Augustus,  but  is  now  a  China,  is  exceedingly  shallow,  as  may 
league  from  the  shore.    M.  Cuvier  re-  '  be  seen  from  the  account  of  Capt  Hail, 
cords  some  curious  information  which  who  navigated  it  in  the  year   1816 — 
he  obtained  from  M.  de  Prony,  in-  (Voi/agetoLoo-Choo,8cc,)  That  officer 
spector-general  of  brides  and  roads,  states,  that  no  land  could  be  perceived 
who  was  appointed  to  mvestigate  the  from  the  mast-head  at  the  time  when 
remedies  that  might  be  applied  to  the  his  ship  was  in  less  than  five  fathoms 
devastations  committed  by  the  floods  of  water ;  and,  before  a  sight  of  land  was 
the  Po.    This  clearly  displavs  some  of  obtained,  even  this  depth  was  consider- 
the  surprising  changes  whicn  the  coast  ably  reduced.    The  bottom  consisted  of 
of  the  Adriatic  has  undergone.    At  the  mud,  formed  of  an  impalpable  powder, 
beginning  of  the  twelfth  century,  the  without  th^  least  sand  or  graveL    '  The 
whole  waters  of  the  Po  flowed  to  the  fine  particles,  from  which  this  mud  is 
south  of  Ferrara,  in  the  two  channels  deposited,  are  brought  down  by  innume- 
called  Po  di  Volano,  and  Po  di  Primaro ;  rable  streams  from  China  and  Tartary. 
an  irruptioaof  the  river  to  the  north  of       The  alterations  perceived  to  be  taking 
that  city  happened  not  long  after,  and  place  in  many  of  those  lakes  which  are 
owingtothis  new  direction  of  the  stream,  traversed  by  rivers,  proceed  from  the 
the  two  old  channels  in  question  had,  same  cause  as  the  extensions  of  alluvial 
in  less  than  100  years,  been  reduced  to  land  into  the  sea  which  we  have  just 
the  comparative  insignificance  in  which  heen  considering.    The  matter  brought 
they  still  remain.    Since  the  construe-  down  by  rivers  easily  settles  in  the  still 
tion  of  the  grand  embankments  of  tiie  water  of  lakes,  and  the  necessaiy  result 
Po,  the  formation  of  New  Land  has  is,  that  the  basins  of  the  latter  are  21'a- 
proceeded  very  rapidly,  especially  within  dually  undeigoing  a  diminution.    Tliis 
'~r^'Z: : — : — : ; : process,  carried  on  for  a  sufficient  lencth 

*  Ihese  are  very  extcnmvo  sheets  of  water,  but  so  5,^  *• u        j    .       .,    ~X!,.  o    t 

■hRllow  that  they,  in  no  part,  exceed  six  or  sevea  ^^   ^™^>  WOUld  end  in  the  filling  Up  of 

feet  iA  depth.  the  lake,  and  in  its  place  there  would 
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be  a  valley  intersected,  of  course,  by  the  masses  of  rock  and  earfh»  among^  noTa- 
same  rivers  which  formerly  flowed  into  tains,  operate  in  a  mmilar  manner  whcr* 
the  lake.    Owing  to  the  very  long  time  there  are  shores  of  a  steep  eharaeter. 
required  for  the  purpose,  there  is  no  Springs  filter  through  and  displace  ihf 
instance  known  or  a  lake,  of  any  size,  soft  strata,  and  thus  the   more  k^ 
ever  having  been  filled  up  in  this  man-  formations  are  left  ^vrithont   tuppor 
ner ;  but  there  are  well  authenticated  the  consequence  is  that,  at  times.  Uist 
cases  of  their  being  very  sensibly  di-  spaces  of  land*  slide  or  faH  down  &ds 
minished.    Lake  Erie,  one  of  the  vast  above.    It  is  by  such  means  as  these 
bodies  of  water  in  North  America,  is  that  the  '  land-slips,*  on  the  southfrs 
rapidly  decreasing ;  in  the  late  survey  shore  of  the  Isle  of  Wi^ht,  hare  befti 
of  the  boundaries  between  the  United  produced.    The  same  thin^  happern. 
States  and  Canada,  it  was  ascertained  but  on  a  far  grandor  scale,  upon  tht 
that  Long  Point,  opposite  Big  Creek  coast  of  the  Crimea ;  whole  traces  are 
river,  on  the  north  side  of  the  lake,  had,  there  carried  down,  sometimes  bear- 
in  the  space  of  three  years,  increased  ing  upon  them  the  houses  of  the  na- 
more   than  that  number  of  miles  in  tives,  which  have,  notwithstsiiding,  been 
length  by  the  accession  of  alluvial  mat-  known  to  escape  without  injury, 
ter ;  ana  ^is  immense  basin,  the  aver-        The  action  of  the  sea,  when  the  coast 
age  .depth  of  which  is  estimated  at  be-  is  low,  and  the  bottom  sandy,  leads  to 
tween  thirteen  and  seventeen  fathoms,  rery  different  results.    The  waves  ihea 
is  every  year  becoming  shallower  firom  push  the  sand  forward  upon  the  sAion. 
the  influx  of  pebbles  and  earth,  and  the  where,  at  every  ebb  of  the  tide,  it  be- 
constant   accumtdation  of  reeds  and  comes  partially  dried ;  and   the  wind, 
shells.    The  diminution  of  the  beautiful  fi^quently  blowing  from  the  dea,  drifts 
lake  of  Geneva  is  also  said  to  have  been  it  upon  the  beac£    By  little  and  little, 
considerable  within  the  memory  of  man.  hillocks  or  downs  of  sand  are  created. 

There  are  several  instances  in  moun-  the  higher  parts  of  which   are  conti- 

tainous  and  marshy  countries  of  small  nuall^  carried  inland ;   so  that  nnksf 

lakes  having  been  dried  up  from  dif*  the  mhabitants  of  the   coantry  sac- 

ferent  causes — such  as  the  crystaUiza-  oeed  in  fixing  them  by  eausini^  suit- 

tion,  or  deposit  of  substances  which  the  able  plants  to  take  root  in  their  soi, 

waters  had  previously  held  in  solution;  they  move  slowly  on  and  overwh^ 

the  gradual  union  of  floating  islands,  fields  and  dwellii^  with  inevitable  ruia 

and  the  collection  of  matter  arising  from  ,It  sometimes  happens  that  the   smA 

the  lake  being  the  seat  of  animal  and  cast  up  by  the  water  becomes  mixed  with 

vegetable  life ;  but  it  is  evident,  from  marine  and   other  substances,  which, 

their  very  slow  progress,  that  the  effects  being  enveloped   therdn,  make  what 

produced  in  these  ways  cannot  be  upon  have  been  denominated  indurtUed,  that 

a  very  large  scale.  is,  hardened  downs,  such  as  are  se&i 

The  changes  which  we  have  hitherto  upon  the  coast  of  New  Holland.  Per- 
traced  to  the  action  of  waters  have  been  haps  tiie  most  remarkable  instance  of 
of  a  beneficial  kind ;  but  others  of  a  tiie  mischief  occasioned  by  the  moving 
destructive  nature  are  brought  about  downs  is  to  be  found  on  the  French 
by  the  same  agency.  These  are  the  coast  of  the  Bay  of  Biscay,  south  of  the 
breaking  down  of  steep  coasts  by  the  river  Gironde,  where  they  have  already 
waves,  and  the  throwing  up  of  sand-  overwhelmed  a  great  number  of  villages 
hills,  which  the  winds  afterwards  assist  mentioned  in  the  records  of  Uie  middle 
in  pushing  forward  and  dispersing  over  age,  and  not  long  ago,  in  the  single  de- 
the  adjacent  land.  The  first  is  a  very  partment  of  the  Ltrndee,  were  threaten- 
common  occurrence ;  the  sea  detaches  mg  ten  with  unavoidable  destruetion. 
fragments  from  the  foot  of  the  clifis,  or  One  of  these  villa^»  named  Mimisan, 
else  wastes  it  away,  and  then  the  upper  had  been  struggling  against  them  for 
parts,  deprived  ot  support,  fall  down,  twenty  years,  with  the  prospect  of  a 
The  broken  portions  that  collect  at  the  sand-hill  of  more  than  rixty  feet  in 
base,  in  consequence  of  these  fallings  height  visibly  approaching  it.  In  1802, 
down,  serve,  more  or  less,  and  for  a  the  pools  formed  bv  the  collection  of 
shorter  or  longer  period,  according  to  waters  which  these  downs  prevent  from 
their  position  and  hardness  of  material,  flowing  into  the  sea,  covered  five  farm- 
to  protect  the  cliff  from  further  ravages,  ing  establishments  at  the  village  of  St, 
The  circumstances  also  which  cause  Julien.  They  have  long  been  over  an 
tlie  slipping  down  or  breaking  away  of  ancient  Roman  road  leading  from  Ba* 
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>     yonne  to  Boundeaut,  and  which  could  the  sand ;  and  owm^  to  the  bar  formed 
^      still  be  seen  forty  years  back,  when  the  across  its   entrance,  it  is  unable,  at 
^      waters  were  low.    The  river  Adour  is  spring  tides,  to  force  its  way  into  the 
^•'      now  turned  to  the  distance  of  more  than  sea,  so  that  it  is  made  to  flow  back  and 
*■'      2000   yards  out  of  its  former  course.  Inundate  a  considerable  extent  of  land 
I      The  profijess  of  these  downs  has  been  at  the  head  of  the  bay.    Of  late,  how- 
r.      estimated  at  60  feet  yearly,  and  in  some  ever,  the  great  accumulations  of  sand 
places,  at  72  feet ;  at  this  rate,  it  is  cal«  have  disappeared  from  Coubine,  and 
I       culated  that  it  will  require  2000  years  the  ancient  rich  soil  has,  in  some  places, 
^       to  enable  them  to  reach  Bourdeaux.  been  left  bare,  from  which  it  is  hoped 
*            The  coast  of  Elgin  or  Morayshire,  in  that  the  barony  will  again  become  ser- 
r        Scotland,  also  affords  a  striking  ex-  viceable  land.    Such  a  result  would  be 
ample  of  the  sand-flood ;  an  account  of  rendered   much    more  certain,  if,  by 
which  is  given  among  the  notes  affixed  putting  in  proper  kinds  of  plants,  they 
to  Professor  Jameson's  edition  of  Cu-  were  to  fix  the  surface  of  the  Mavieston 
Tier's  Theoiy  of  the  Earth.    West  of  the  hills,  and  so  prevent  fresh  inroads  of 
mouth  of  the  river  Findhom,  a  disbict  the  sand  from  that  quarter ;  yet,  not- 
of  more  than  ten  square  miles  in  area,  withstanding  the  destruction  that  has 
(chiefly  included  in  the  barony  of  Cou-  already  happened,  the  inhabitants  are 
bine,)  which,  on  account  of  its  extreme  still  in  the  nabit  of  gathering  what  little 
fertility,  was  once  termed  the  granary  bent  yet  remains, 
of  Moray,  has  been  depopulated  and  The   same  drifting  of  sand  occurs 
rendered  unproductive  by  the  shifting  upon  several  parts  of  the  west  coast  of 
of  the  sand-nills.    It  appears  that  the  the  Outer  Hebrides,  and  the  prevention 
irruption  of  the  sand  commenced  about  of  it  has  been  attempted  in  two  ways. 
I        the  year  1677;  that  in  1697,  not  a  Mr.  A.  Macleod,  surgeon  of  North  Uist, 
vestige  was  to  be  seen  of  the  manor-  has  invented  the  most  efficacious  plan, 
place,  orchards,  and  offices  of  Coubine,  which  is  that  of  cutting  thin  square 
and  that  two  thirds  of  the  barony  were  turfs  from  the  neighbouring  pasture 
already  ruined.    This  irruption  came  grounds,  and  laying  them  down  at  in- 
from  Mavieston,  situated  on  the  shore,  tervals  of  some  inches.    In  the  coiirse 
f         about  seven  miles  west  from  the  mouth  of  a  few  years  the  turfs  grovr  together, 
I         of  the  Findhom,  where,  from  time  im-  while  the  ground,  from  which  they  are 
memorial,  there  had  been  large  heaps  taken,  is  little  injured,  for  as  the  roots 
of  sand.    These  sands,  which  nad  for-  remain  in  it,  a  new  vegetation  soon  rises 
merly  been  covered  with  vegetation,  up.    The  other  method  was  introduced 
were  set  at  liberty  by  the  inhabitants  by  Mr.  Macleod,  of  Harris,  and  tried 
inconsiderately  pulling  up  the  bent  and  extensively  upon  his  estate :   it  is  to 
juniper  for  various  uses,  and  they  then  plant  small  bundles  of  arundo  arenaria, 
drifted  towards  the  north-east.    When  (sand-reed)  about   a   foot  and  a  half 
the  wind  is  high,  the  fine  particles  are  apart ;  these  take  root  and  prevent  the 
carried  even  across  the  bay  of  Findhom.  drifting,  in  a  certain  de^pree. 
In  the  winter  of  1816,  a  large  portion  Another  process,  similar  in  its  effects 
of  the  only  remaining  farm,  on  tne  west  to  those  which  have  been  already  de- 
side  of  the  Findhom,  situated  in  the  scribed,  but  much  more  extensively  de- 
line  of  the  sand's  progress,  was  over-  stmctive,  and  depending  solely  upon  the 
whelmed.    The  effects  produced  by  the  action  of  the  wind,  is  the  encroachment 
sand  upon  the  river  have  been,  and  still  of  the  sands  of  the  Libyan  desert  upon 
are,  of  a  very  obvious  kind.  Many  years  the  cultivated  lands  of  Egypt.    These 
I          ago,  its  mouth  having  become  blocked  sands,  driven  by  the  west  wmds,  have 
up,  the  water  cut  out  its  present  more  left  no  soil  capable  of  tillage  on  any 
direct  channel.  By  this  change,  the  old  parts  of  the  western  banks  of  the  Nile, 
town  of   Findhom,   which  originally  which  are  destitute  of  the  shelter  of 
,          stood  on  the  east  side  of  the  river,  was  mountains.    It  would  appear  that,  but 
left  upon  its  western  bank ;  and  the  in-  for  the  ridge  called  the  Libyan  chain, 
habitants,  in  consequence,  removed  the  which  borders  the  left  bank  oi  that  river, 
stones  of  their  houses  across  the  new  forming  to  the  parts  along  which  it  rana 
channel,  and  erected  the  present  village  a  barrier  against  the  sands,  the  western 
on  the  eastern  side.    The  site  of  the  old  shores  of  the  Nile  would,  long  ago,  have 
town  is  now  covered  by  the  sea.    Even  been  made  uninhabital>le.     Travellen 
now,  when  the  tide  retires,  the  river  have  given  a  melancholy  picture  of  the 
ahnost  disappears,  bidng  absorbed  by  traces  which  bear  witness  to  the  ravagea 
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committed  h}[  the  sand—the  ruins  of  hard  stone;  butif  any  partof  it  be  de- 

numerous  ciues  and  villages  destroyed,  tached  at  a  spot  which  the  tide  reaches 

and  the  summits  of  the  minarets  of  every  day,  it  is  found  to  be  full  of  worms 

mosques,  being  still  visible  above  the  of  different  lengths  and  colours  :  some 

surface.    It  is  partly  to  these  resistless  being  as  fine  as  a  thread,  and  several 

invasions  of  the  desert  that  the  decline  feet  long,  of  a  bright  yellow,  and  some- 

of  Egypt  from  her  ancient  splendour  times  of  a  blue  colour ;  others  resembfe 

is  to  be  attributed.  snails,  and  some  are  not  unlike  lobsters 

The  formation  of  new  islands  (to  in  shape,  but  soft,  and  not  above  two 

which  allusion  has  been  made  in  a  pre-  inches  long. 

ceding  part  of  this  treatise)  constitutes        *'The  growth  of  coral  appears  to  cease 

a  distinct  and  interesting  class  among  when  the  worm  is  no  longer  exposed  to 

the  changes  to  which  the  surface  of  the  the  washing  of  the  sea.    Thus,  a  reef 

globe*  is  subject.     Those  which  have  rises  in  the  form  of  a  cauliflower,  till  its 

been  raised  up  by  volcanic  agency  are,  top  has  gained  the  level  of  the  hig'hest 

comparatively,  few ;  but  those  of  coral,  tides,  above  which  the  worm  has  no 

which  owe  their  origin  to  marine  insects,  power  to  advance,   and  the  reel;    of 

(of  the  class  of  zoophytes  or  plani-anu  course,  no  longer  extends  itself  up- 

mals)  are  innumerable.     Of  the  dif-  wards.    The  other  parts,  in  succession, 

ferent  coral  tribes,  the  most  abundant  is  reach  the  surface,  and  there  stop,  form- 

that  named  the  madrepore.    It  is  most  ing,  in  time,  a  level  field  wi^  steep 

common  in  the  tropical  seas,  and  de-  sides  all  round.    The  reef,  however, 

creases  in  number  and  variety  towards  continually  increases,  and  being   pre- 

the  poles  ;  it  surrounds,  in  vast  rocks  vented  from  going  higher,  extends  itself 

and  reefs,  many  of  the  rocky  islands  of  laterally  in  all  directions.      But   this 

the  South  Sea  and  Indian  Ocean,  and  growth  being  as  rapid  at  the  upper  edge 

increases  their  size  bv  its  daily  growth,  as  it  is  lower  down,  the  steepness  of 

The  coasts  of  the  islands  in  the  West  the  face  of  the  reef  is  still  preserved. 

Indies,  of  those  to  the  east  of  Africa,  These  are  the  circumstances  which  ren- 

and  the  shores  and  shoals  of  the  Red  der  coral  reefs  so  dangerous  in  naviga- 

Sea,  are  encircled  with  rocks  of  coral,  tion ;  for,  in  the  first  place,  they  are 

Several  navigators  have  fiumished  us  seldom  seen  above  the  water ;  and  is 

with  accounts  of  the  curious  manner  in  the  next,  their  sides  are  so  steep,  thafa 

which  these  formations  take  place :  the  ship's  bows  may  strike  against  uie  roek, 

following   is   extracted  from  Captain  before  any  change  of  soundings  has 

Basil  Hairs  narrative  of  his  voyage  to  given  warning  of  the  danger." 
the  liOo  Choo  islands : —  Captain  Flmders,  who,  m  2  801 ,  made 

'-  The  examination  of  a  coral  reef,  a  survey  of  the  coasts  of  New  Holland, 
during  the  clifferent  stages  of  one  tide,  is  has  some  observations  upon  the  form- 
particularly  interesting.  When  the  tide  ation  of  coral  islands,  particularly  of 
has  left  it  for  some  time,  it  becomes  dry.  Half- Way  island,  on  the  north  coast  of 
and  appears  to  be  a  compact  rock  exce^-*  that  region,  which  show  how,  afler 
ingly  hard  and  rugged ;  but  as  the  tide  being  raised  up,  they  gradually  acquire 
rises,  and  the  waves  begin  to  wash  over  a  sou  and  vegetation : — 
it,  the  coral  worms  protrude  themselves  •*  This  little  island,  or  rather  the  sur- 
from  holes  which  were  before  invisible,  rounding  reef,  which  is  three  or  four 
These  animals  are  of  a  ^at  variety  miles  long,  affords  shelter  from  the 
of  shapes  and  sizes,  and  m  such  pro-  south-east  winds ;  and  being  at  a  mo- 
digious  numbers,  that,  in  a  short  tune,  derate  day*s  run  from  Murra/s  Isles, 
the  whole  surface  of  the  rock  appears  it  forms  a  convenient  anchorage  for  the 
to  be  alive  and  in  motion.  The  most  night  to  a  ship  passing  through  Torres* 
common  of  the  worms  at  Loo-(!!hoo  Strait — I  named  it  H3f-way  Island,  It 
is  in  the  form  of  a  star,  with  arms  is  scarcely  more  than  a  mile  in  circum- 
from  four  to  six  inches  long,  which  are  ference,  but  appears  to  be  increasing 
moved  about  with  a  rapid  motion,  in  both  in  elevation  and  extent.  At  no 
all  directions,  probably  to  catch  food,  very  distant  period  of  time,  it  was  one 
Others  are  so  sluggish,  that  they  may  of  those  banks  produced  by  the  washing 
be  mistaken  for  pieces  of  the  rock,  and  up  of  sand  and  broken  coral,  of  which 
are  generally  of  a  dark  colour,  and  from  most  reefs  afford  instances,  and  those 
four  to  five  inches  long,  and  two  to  of  Torres*  Strait  a  great  many.  These 
three  round.  When  the  coral  is  broken,  banks  are  in  different  stages  of  pro- 
about  high  water  mark,  it  is  a  solid  gress ;  some,  like   this,    are  become 
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islands,  but  not  yet  habitable;  some  heaviest  gales.  I  distinguished,  how- 
are  al>ove  high- water  mark,  but  desti-  ever,  in  the  rock  which  forms  its  basis, 
tute  of  vegetation;  whilst  others  are  the  sand,  coral,  and  shells,  formerly 
overflowed  with  eveiy  returning  tide.  thrown  up,  in  a  more  or  less  perfect 

'*  It  seems  to  me,  that  when  the  ani-  state  of  cohesion.  Small  pieces  of 
malcules  which  form  the  corals  at  the  wood,  pumice  stone,  and  other  extra- 
bottom  of  the  ocean  cease  to  live,  their  neous  bodies  which  chance  had  mixed 
structiu^s  adhere  to  each  other,  by  with  the  calcareous  substances  when 
virtue  either  of  the  glutinous  remains  the  cohesion  began,  were  inclosed  in  the 
within,  or  of  some  property  in  salt  rock,  and,  in  some  cases,  were  still 
water;  and  the  interstices  being  gra-  separable  from  it  without  much  force, 
dually  filled  up  with  sand  and  brolcen  The  iipper  part  of  the  island  is  a  mix- 
pieces  of  coral  washed  by  the  sea,  which  ture  of  the  same  substances  in  a  loose 
also  adhere,  a  mass  of  rock  is  at  length  state,  with  a  little  vegetable  soil ;  and  is 
formed.  Future  races  of  these  animal-  covered  with  the  casuarina  and  a  va- 
cules  erect  their  habitations  upon  the  riety  of  other  trees  and  shrubs,  which 
rising  bank,  and  die  in  their  turn,  to  give  food  to  parroquets,  pigeons,  and 
increase,  but  principally  to  elevate  this  some  other  birds  ;  to  whose  ancestors, 
monument  of  their  wonderful  labours,  it  is  probable,  the  island  was  originally 
The  care  taken  to  work  perpendicularly  indebted  for  this  vegetation.** 
in  the  early  stages  would  mark  a  sur-  It  has  been  generally  believed  that 
prising  instinct  in  these  diminutive  crea-  the  deep  perpendicular  reefe,  very  near 
tures.  Their  wall  of  coral,  for  the  most  to  which  the  sounding  line  finds  no 
part  in  situations  where  the  winds  are  bottom,  consist  wholly  of  coral ;  but 
constant,  being  arrived  at  the  surface,  MM.  Quoy  and  Gaimard  have  adduced 
affords  a  shelter,  to  leeward  of  which  very  satisfactory  reasons,  to  prove  that 
their  infant  colonies  may  be  safely  sent  the  zoophytes,  far  firom  raising  from 
forth ;  and  to  this,  their  mstinctive  fore-  the  deptns  of  the  ocean  perpendicular 
si^ht,  it  seems  to  be  owing,  'that  the  walls,  form  oxAy  layers  or  crusts  of  a 
windward  side  of  a  reef  exposed  to  the  few  fkthoms  thickness.  They  remark 
open  sea  is  generally,  if  not  always,  the  that  the  species  which  always  construct 
highest  part,  and  rises  almost  perpen-  the  most  considerable  banks  require  the 
dicular  from  the  depth  of  many  mthoms.  influence  of  light  to  perfect  them ;  and 
To  be  constantly  covered  with  water  it  is  well  known,  that  all  those  steep 
seems  necessary  to  the  existence  of  the  walls  common  in  the  equatorial  seas, 
animalcules,  for  they  do  not  work,  except  are  intersected  with  narrow  and  deep 
in  holes  upon  the  reef,  beyond  low-water  opening^s,  through  which  the  sea  enters 
mark ;  but  the  coral,  sand,  and  other  and  retires  with  violence ;  whereas,  if 
broken  remnants  thrown  up  by  the  sea,  they  were  entirely  composed  of  madre- 
adhere  to  the  rock,  and  form  a  solid  pores,  they  would  have  no  such  open- 
mass  with  it,  as  high  as  the  common  mgs  between  them,  since  it  is  the  pro- 
tides  reach.  That  elevation  surpassed,  p^ty  of  zoophytes  to  build  in  masses 
the  future  remnants,  being  rarely  co-  that  have  no  interruption.  It  is  besides, 
vered,  lose  their  adhesive  property ;  and  difficult  to  suppose  that  these  animals 
remaining  in  a  loose  state,  form  what  is  can  support  such  different  degrees  of 
usually  called  a  Key,  upon  the  top  of  pressure  and  temperature  as  they  njeces- 
the  reef.  The  new  bank  is  not  long  in  sarily  must,  if  they  exist  at  such  different 
being  visited  by  sea-birds :  salt  plants  depths  in  the  ocean.  It  is,  therefore, 
take  root  upon  it,  and  a  soil  begins  to  most  reasonable  to  conclude  that  the 
be  formed ;  a  cocoa-nut,  or  the  drupe  summits  of  submarine  hills  and  moun- 
of  a  pandanus,  is  thrown  on  shore;  tains  are  the  bases  upon  which  the 
land  bmis  visit  it,  and  deposit  the  seeds  zoophytes  form  layers  and  raise  up  their 
of  shrubs  and  trees;  every  high  tide,  fabrics;  a  supposition  which  perfectly 
and  stiU  more  every  gale,  adds  some-  accounts  for  the  great  depth  of  the  sea 
thing  to  the  bank;  the  form  of  an  island  dose  to  the  ree£s  and  islands  which 
is  gradually  assumed ;  and  last  of  all,  they  have  devated  to  the  surface  of  the 
comes  man  to  take  possession.  water. 

"  Half-way  Island  is  wdl  advanced  The  changes  occasioned  by  the  erup- 

in  the  above  progressive  state ;  having  tions  of  volcanoes  are  very  considerable 

been  many  years,  probably  some  a^s,  near  the  seat  of  action,  but  they  operate 

above  the  reach  of  the  highest  sprmg  over  a  less  extensive  fidd  than  any  of 

tidesy  or  the  wash  of  tho  suxf  in  the  those  which  have  yet  been  mentioned. 
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The  principal  effect  of  the  issue  of  sub-  to  JoruUo :  yet,  thousrh     it  mi^ht  be 
terranean  fires  is  the  elevation  of  the  rather  haztu'dous  to  adopt  such  a  cnn- 
siu'face  of  the  surrounding  country ;  elusion,  it  is  certain  that  those  moor.- 
and  the  sixe  of  the  mountains  them*  tains  must  have  received  a  vast  increa^, 
selves  must  have  be^n  prodigiously  in-  both  in  size  and  elevation,  at  and  sine*: 
creaised  by  the  matter  thrown  up  during  the  period,  whenever  that   may  haire 
successive  eruptions.      Some,   indeed,  been,  at  which  the  subterranean  fire  &>t 
have    gone  so  far  as  to  assert  that  opened  a  passage  through  them, 
volcanoes  are  entirely  formed  of  this        Owing  to  the  repeated  discharges  of 
matter ;  but  even  if  we  could  admit  such  matter  upon  their  surface,  and  the  \  io- 
a  theory,  with  respect  to  the  isolated  lent  concussions  to  which  they  are  sub- 
volcanoes  of  Europe,  Asia,   and  the  ject,  the  external  appearance  of  volcanic 
African  islands,  it  would  be  impossible  mountains  is  continually  varying     Thi^ 
to  extend  it  to  those  immense  masses  is    particularly    the    case  with    Efna. 
in  America  (Cotopaxi,  Pichincha,  &c.)  Among  the  accounts  of  those  who  have 
which  are  parts  of  the  great  western  visited  it,  it  would  be  difficuit  to  find  two 
chain  of  that  continent.     There  are,  that  at  all  agree  as  to  the  aspect  of  f he 
nevertheless,  very  good    grounds    for  great  crater  and  the  different  eminences 
concluding  that   many  volcanoes  owe  about  the  summit  ot   the   mountain, 
their  formation  to  the  effects  of  the  fires  New  chasms  on  the  sides  also  have,  at 
to  which  they  give  vent,  and  that,  pre-  various  periods,  been  opened,  and  new 
viouB  to  the  first  appearance  of  those  cones  raised  up  :  Monte  Riisso,  thrown 
fires,  there  were  no  mountains  in  the  up  from  a  plain  during  the    famous 
places  which  the  volcanoes  in  question  eruption    of    1669,   was  estimated  \r^' 
now  occupy.     It  would  seem  that  the  Spallanzani,  in   1 788,  at  two  miles  in 
breaking  out  of  a  volcano,  where  none  circumference,  and  (somewhat  vaj^uel\) 
before  existed,  is  preceded  by  a  swelling  at  1 5U  paces  in  height, 
or  heaving  up  of  the  crust  of  the  earth,     .  The  lava,  stones,  and  ashes  5:pre3d 
owing  to  the  expansive  force  of  the  over  the  neighbouring  country  by  vol- 
heat,  and  this  explains  the  cause  of  new  canoes  materiall}^  elevate  its   surface, 
volcanic    islands   sometimes  emerging  The  complete  burial  of  the  ancient  citi^ 
suddenly  from  the  sea.    The  phenome-  of  Herculaneum  and  Pompeii   by  *,hc 
non  of  the  swelling:  up  of  the  ground  matter  ejected  from  yesu\iu.s,  in  fhe 
was   strikiufirly   exemplified    when  the  eruption  ot  the  year  79,  is  a  cirtam- 
volcano  of  Joruilo,  m  Mexico,  arose  stance   familiar  to  almost   every  one 
out   of  the  plnin  des  Playas,   in  the  The  excavation  of  these  cities  in  modei a 
month  of  September,  1 759.    According  days  has  brought  some  interesting  fads 
to  the  representation  of  this  mountain,  to  light ;  the  ruins  of  Herculaneum  were 
annexed  to  the  third   vohime  of  M.  found  at  adepthof  rofeetl^eJowthesur- 
Humboldt's    Personal    Narrative,   the  face  of  the  ground;  and  from  the  numter 
raised  up  portion  of  the  plain  is  about  of  distinct  strata  of  lava,  one  above  the 
two  miles  in  length,  and  in  one  part  as  other,  each  covered  with  a  layer  of  ricli 
much  as    850    feet   above  its  ancient  mould,  it  appeared  that  streams  of  that 
level ;  from    this    part    the    cone    of  substance   from,  at  least,  six  different 
the   volcano  shoots  up    covered  with  eruptions  had  j  assed  over  it  since  the 
ashes    to   a  further  elevation   of  830  one  which  occasioned  its  destruction, 
feet.    The  raised  up  ground  is  covered        Vast  masses  of  earth  sometimes  sink 
with  thousands  ot  small  volcanic  cones,  down  dui  ing  volcanic  eruptions.  '  In  the 
fi-ora  6  to  10  feet  high.    We  have  thus  island  of  Timor,  a  volcano  of  con sidera- 
an  instance  of  a  mountain  1680  feet  in  ble  elevation  is  said  to  have  sunk  into 
elevation  above  the  plain  upon  which  it  the  ground,  leaving  a  muddy  marsh  in 
stands,  having   been    entirely   lormed  its  place.     The  Papanduyang,  situated 
by  the  heaving  up  of  the   earth  when  towards  the  western  extremity  of  Java, 
the  fire    originally  broke   out,  and  by  was  formerly  one  of  the  largest  volcanic 
the  accumulation  of  matter  which  ha«  mountains  of  the  island,  but  the  greatest 
since    gathered    round   the    principal  part  of  it  was  swidlowed  up  inthe  earth 
vent  of  the  eruptions.     But  the  know-  m  the  year  1772.     It  is  asserted,  tliat, 
ledge  of  such  an  instance  as  this  does  on  the  night  of  this  event,  an  uncom. 
not  of  necessity  lead  to  the  conclusion  monly  luminous  cloud  was  seen  to  en 
that  mountains  so  large  as  Etna,  and  velop  the  mountain      Alarmed  by  Uiis 
many  other  volcanoes,  have  been  entirely  appearance,  the  inhabitants  on  the  ci e- 
created  by  the  process  which  gave  birtt  cavities  and  about  the  loot  gf  the  moiui- 
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tain  took  to  flight,  but  before  theycouM  these  materials  exist  in  suiBoient  quan* 

all  save  themselves,  it  be^an  to  give  way,  tity  in  the  interior  of  the  earth,  and  a 

and  the  greatest  part  of  it  actually/?//  sufficient  body  of  water  be  admitted  to 

in  and  disappeared  in  the  earth.  A  tre-  them,  judging  from  the  violent  effects 

mendous  noise,  and  the  discharge  of  on  a  small  scale  which  we  are  able  to 

showers  of  volcanic  substances,  accom-  produce  by  experiments,  a  heat  would 

panied  this  commotion.  It  is  estimated,  be  engendered  quite  adequate  to  occa- 

that  an  extent  of  ground,  of  the  moun-  sion  all  that  takes  place  in  volcanic 

tain  itself  and  its  immediate  environs,  eruptions.  Now,  under  this  hypothesis, 

15  miles  long  and  6  broad,  was  swal-  it  is  requisite  that  water  should  have 

lowed  up  in  the  bowels  of  the  earth.  access  to  the  metallic  bases,  and  it  is  a 

Of  the  origin  of  the  volcanic  fire,  no->  curious  fact  that  nearly  all  active  vol« 

thing,  of  course,  can  be  affirmed  with  oer*  eanio  groups  are  within  a  short  distance 

tainty;  but  several  explanations  have  of  the  sea;  while  even  those  in  South 

been  offered,  more  or  less  satisfactory.  America,  which  must  be  excepted  from 

An  attentive  observance  of  the  pheno-  this  remark,  are  in  a  range  of  moun* 

mena  connected  with  eruptions,  and  a  tains  approaching  in  parts  close  to  the 

close  examination  of  the    substances  sea.    Extinct  volcanoes,  it  is  true,  are 

ejected,  are  necessary  to  the  attainment  found  in  situations  quite  beyond  the 

of  any  correct  views  upon  the  subject,  access  of  the  present  ocean ;  but  in  the 

It  has  been  a  very  generally  received  remote  and  unknown  periods  of  their 

opinion  that    volcanic   eruptions    are  activity,  it  may  reasonably  be  inferred 

caused  by  the  sp|ontaneous  combustion  that  they  were  near  the  ocean,  if  not  al- 

of  pyrites ;  and  in  support  of  this  so*  together  beneath  its  surface.    A  further 

lution  are  cited  the  experiments  which  ai^ument  in  favour  of  the  jn-esent  view 

have  been  made  with  sulphur  and  iron  is,  that  all  the  products  which  chemists 

filings.    A  mixture  of  these  substances,  know  to  be  the  result  of  the  admission 

after  being  moistened,  has  been  buried  of  sea-water  to  the  metallic  bases,  ap-> 

in  the  ground,  where  it  became  gradu^  pear  under  some  form  or  other  in  every 

ally  heated,  and  at  length  took  fire,  with  volcanic  eruption, 
a  loud  explosion.   The  theory,  however,       Earthquakei  appear  to  be  brought 

which  ascribes  volcanic  action  to  the  about  by  the  same  causes  as  volcanic 

inflammation  of  beds  of  coal,  sulphur,  eruptions,  but  their  action  is  much  more 

or  other  matters,  near  the  surface  ot  the  tremendous  than  that  of  the  latter.  They 

earth,  has  latterly  met  with  less  support,  are  frequentiy   accompanied    by  loud 

and  powerful  arguments  may  be  urged  subterraneous  noises,  and  are  sometimes 

against  it  The  great  masses  of  inflam-  so  violent  that  the  groimd  heaves  up, 

mable  materials  are  confined  to  the  and  undulates  like    an   agitated  sea* 

secondary  and  superficial  strata ;  while.  They  are  felt  almost  at  the  same  instant 

on  the  contrary,  uiere  can  be  no  doubt,  over  a  most  astonishing  extent ;  though 

that  the  seat  of  volcanic  f^  lies  far  lu^ypily,  compared   with  this   extent, 

below  the  surface  of  the  earth,  both  their  deatructive  ravages  are  confined 

from  the  nature  of  the  substances  east  within  a  small  range.    In  those  parts 

out  by  volcanoes,  and  the  circumstance  whidi  appear  to  be  near  the  centre  of 

of  the  immense  quantity  of  matter  that  their  acticm,  the  most  calamitous  eiCiects 

has  proceeded  from  many  of  them ;  sometimes  occur  j  whole  cities  are  de- 

such  a  quantity  as,  had  it  been  with-  stroyed,  and  theur  inhabitants  buried 

drawn  from  the  parts  near  the  surface,  beneath  tiie  ruins ;  the  surfkce  of  the 

I      would,   long    since,  have   occasioned  ground   undergoes    violent    changes ; 

I      those  mountains  to  sink  down  and  dis-  springs  an  stopped,  and  others  gush 

I      appear.    A  different  theory  has  been  out  in  new  places ;  fissures  are  made  in 

I      lately  brought  forward  to  account  for  the  earth;  and  enormous  masses  of  rock 

I      the  volcanic  fire,  and  is  well  set  forth  uid  other  materials  sink  down,  or  are 

I      and  supported  in  a  recent  treatise  by  detached  frt>m  the  mountains.    By  the 

I      Dr.  Daubeny,  Professor  of  Chemisti^  earthquake  experienced  in  Chili  in  1822, 

I      in  the  University  of   Oxford.     It  is  a  great  line  of  coast  is  stated  to  have 

)      founded  upon  the  metallic  nature  of  the  hwa  lifted  permanently  up,  to  the  height 

bases  of  the  earths  and  alkalies,  and  of  several  feet  above  its  former  level ; 

)      the  avidity  with  which  these  combine  while,  in  the  interior  of  the  country, 

\      m\\i  oxygen,  producing  in  that  com-  fissures  were  made  in  the  granite  trans* 

I      bination  a  high  temperature  and  strong  versely  to  the  direction  of  the  earth- 

j      iniiammation.     It  is  supposed,  that  il  quake. 
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It  is  B«ite«lly  lupposed  that  earth-    On  Oe  Oc«»-«J  ^«^*^  a»d  Tern- 
quScii  a^Sed  ^fhe  dUengage-  perature.  Tuhi.  and  CurrenU. 

ment  of  clastic  vapors,  '*»<*•  «"g!»-  xhat  vast  body  of  water  which  sor- 

youring  to  ««»P«,*^1?  *f?:!?S^;  rol^  tte cont&ents.  aM  is  the  com- 

mentTheaTe  up  f^wtate  the  crust  of  ^^J^^^^  „,  their  running  waters, 

the  earth.    No  doubt  cm  exist  offt^  P"?  ^^^^ty  ,«ee««,y  toTSie  sup- 

connenonwithTol(Mmceniptions,tnOT  ofanimi  and  yegetable  exfcrt- 

take  places  and  the  ^wtoftheoneott^  aeitations  purify  the  air,  and  the  v*- 
o^urring  \^^^SiiZ^  Jl^wtol  th7 atmosphere  draws  up 
other,    somehmes    at  P***  .^f  «"^    L^  ^g  gurfcce.  being  condensed  and 

•IS^  '*^hi^i,*tt?sh^byX'  S««l  th«»«?h  ^  "fP*  ^^f- 
nection.    This  is  tothw  shown  ^  xne    f^^^^^-^fifdj  are  the  sonree  of  a 

drcumstanoe  of  the  shocks  of  cai«i-  """tr^r^^DlY  of  rain  and  moisture  to 

quak^being  most  severe  in  pkces^-  ^'^^t^V^^  also,  b^  the 

tant  from  volcan«» ;.   as  if  the  latter  ™«  {j     j      communication  which  it 

were  the  means  of  gwmg  vent  to  that  »^^  "^  ^        f  uniting  the  most 

of  continents,  their  terrible  effecte  occur    mM«^  sea  appears  to 

chiefly  along  the coajts,  as e«mpMed    ^^^f^j^^^'^equalities  to  SHuriioe 

infte  ««*<l"*^«««fJXrs        ^  Suif^tin^l;   the  depth  of  Ihe 

of  Caraccas,  and  niMiy  others.  »«ter  is  therefore,  extremdy  varioffl. 

Such  are  the  principd  changes  which  wato  ^«^'^*^here  no  bottom 

fte  surfiice  of  the  ^obe  is  now  under-  ^t^^^^  but  this,  of  coa««. 

going.    It  w  evrfent,.  notwithstanding  hw  l^n  W^o-            ^  j^            : 

what  some  have  beaimdmed  to  a«»ert,  do«i  ^  P^^    ^    is  able  to  readi 

that  they  could  not  have  broughU^ut  ^^^'^'f^^dy 'mall  depth.    Loni 

S»^JS"ar??hi^2  HS^VhX^sSS£^1^.2 

ess  to  have  oocasion«i  an  overwhdm-    ^'^^^^l^ents.  however,  must 
ingofthelandbythatelen«mt.    Some    ^.f  ""^  ^'^btful  character;   it  is 
philosophers  have  endeavoured  toprove    ^^jVo*^  ^o^  ^uch  mo«  easily 
that  a  gradual  and  gener^  loweruw  of   ^^"^  be  moved  along  in  thi 
the  level  oftheseatakes  place,  and  have    ^^-^Z  IL^^.  and. 
appealed  to  certain  observations  which,    w«er  ™""  ™_  J^'' „"*^/       ',j    ul 
if  ^rrect.  tend  to  estobUsh  the  fact  of    "^^y^'J^fJ^y^^^Q^  and 
a  diminution  of  tiie  waters  along  the    '"^*=1*"\^  f^„S  J^Wwai^S^ 
northern  shon«  of  the  Baltic.    But  it    fJ^^J^"  K^lp  "Jl^  tfw^^ 
must  not  be  iorgotten.  ttmt  though  in    ^^^\J  aSLo^we  5^?  <^ 
some  places  the  ocean  has  retired,  or    T  51  ^w  t^o  ^5J^^    dentil  of  the 
sunkinWinoth^  it  has  encroached    £t  KltEstfS^tol^h^^t^ 
upon  the  land ;  wlnle  it  »»  known  tiiat    ^^'^j^^JJ  moui^tains,  that  is,  ^ween 
many  harbours  of  the  Mediterranean    !,°Vn<r.„5  ^n nnnfeet 
have'p«»«rved  exacfly  tiie  same  kvel    ^''^^^^'^^1  ^'if  it  wen,  not  for 
since  the  tune  of  Uie  ancients.    It  is    tbewti^  of  ertenMadisbabing  causes, 
plain,  therefore,  that  all  vanatioM  u«)n    ™*^'*^''^*^"every  wh^  at  the 
the  coasts  of  the  ocean  are  merely  of  a    wouia  oe  uie  "J?"  ""i  , 

local  khHl.  and  ti.^  if  the  diffi^t  ac-  ire«S*lJ  thf  JL^  es^tfaS 

counts  are  balanced,  we  must  amye  at  !,'?^*/^othffta  every  direction.  The 

the  conclusion,  tiiat  the  gene«lv<dume  ^^'^JbyX^would.there- 

oftte  ocean,  andwrhaps  even  its  su-  ^^jbitthetiuesurfeoeofonrplanet. 

^^i^»^  "^""^^  """"""^    EfToblSespheroid.  Butit>evi. 
not  duumutaon.  ^^^  ^j^^^  ^^  general  level  of  this  kmd 

can  ever  exist,  because  the  tide  ataoy 
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pTen  mmnent  is  at  Toy  different  l^^kehts 
in  (tiffierent  parts. of  the  ocean.  The 
level  is  also  continually  being  disturbed 
1^  the  operation  of  the  wind  in  particular 
regions.  Independent,  however,  of  these 
circumstances,  it  would  appear  that  in 
gulfs  and  inland  seas  which  have  only 
a  slight  communication  with  the  ocean, 
the  level  of  the  water  is  usually  more 
elevated  than  in  the  latter.  This  seems 
to  be  more  especially  the  case  if  the 
only  openings  of  these  gulfs  are  to- 
wards the  east ;  and  it  is  a^buted  with 
reason  to  the  accumulation  which  arises 
from  the  water  beine  driven  into  these 
confined  inlets  by  me  general  move- 
ment of  the  sea  from  east  to  west,  a 
movement  to  which  allusion  will  be 
made  presently.  When  the  French  en- 
gineers were  m  £g)l>t,  &ey  made  ob- 
servations, according  to  which  the 
waters  of  the  R^  Sea,  on  the  east  side 
of  the  isthmus  of  Suez,  were  32}  feet 
higher  than  those  of  the  Mediterranean 
on  the  opposite  shore  of  the  same  isth- 
mus. M.  Humboldt  made  observations 
of  a  similar  kind  upon  the  isthmus  of 
Panama,  and  his  conclusion  is  that  the 
waters  of  the  Gulf  of  Mexico  are  from 
20  to  23  feet  higher  than  those  of  the 
Pacific  on  the  other  side.  Of  certain 
inland  seas  the  level  varies  with  the 
seasons ;  the  Baltic  and  the  Black  Sea, 
which  are  in  fact  almost  lakes,  swell  in 
the  spring,  from  the  abundance  of  water 
brought  down  to  them  at  that  period  by 
the  nvers. 

The  general  colour  of  the  sea  is  a 
deep  bluish  green,  which  becomes 
clearer  towards  the  coasts.  This 
colour  is  thought  to  arise  entirely 
from  the  same  cause  as  the  azure  tint 
of  the  sky ;  the  ravs  of  blue  light,  being 
the  most  refrangible,  pass  in  the  greatest 
quantity  through  the  water,  wmch,  on 


account  of  its  density  and  depth,  makes 
them  undergo  a  strong  refraction.  Tlie 
other  colours  exhibited  in  parts  of  the 
sea  depend  on  causes  which  are  locfd, 
and  sometimes  deceptive.  The  Medi- 
terranean  in  its  upper  part  is  said  to 
have  at  times  a  purple  tint.  In  the 
Gulf  of  Guinea  the  sea  is  white ;  around 
the  Maldive  Islands  it  is  black ;  and  in 
some  places  it  has  been  observed  to  be 
red.  These  appearances  are  probably 
occasioned  by  vast  numbers  of  minute 
marine  insects,  b}[  the  nature  of  the 
soil,  or  by  the  infusion  of  certain  earthy 
substances  in  the  water.  The  green 
and  yellow  shades  of  the  sea  proceed 
frequently  from  the  existence  of  marine 
vegetables  at  or  near  the  surface. 

The  water  of  the  sea  contains  several 
extraneous  substances,  in  proportions 
varying  in  different  places.  The  com- 
ponent parts,  in  addition  to  pure  water, 
are  commonly  muriatic  or  marine  acid, 
sulphuric  acid  (vitriol),  fixed  mineral 
alkali,  magnesia,  and  sulphated  lime. 
By  boiling  or  evaporation  in  the  air^ 
common  salt  (munate  of  soda)  is  ob* 
tained,  which  for  salting  meat  is  pre- 
ferred to  the  salt  of  spring.  The  salt* 
ness  of  the  sea  appears,  with  some  local 
exceptions,  to  be  less  towards  the  poles 
than  near  the  tropics;  but  the  differ- 
ence is  very  slight,  and  perhaps  the  ob- 
servations made  are  not  sufficiently  nu- 
merous to  justify  any  positive  general 
conclusions.  It  is  probably  occasioned 
by  the  melt^  of  the  ice  in  the  polar 
seas.  Dr.  Thomson  {TFork  on  ChC" 
mUtry)  states  the  proportion  of  sak  in 
water  taken  up  by  Lord  Mulgrave  at 
the  back  of  Yarmouth  sands,  at  3.125 
per  cent,  of  the  weight  of  the  water. 
He  also  gives,  from  the  accounts  of  dif- 
ferent observers,  the  following  propor- 
tions :— 


N.  Lat.  8(F   (60  fiithomf  under  ioe)   3.54  per  cent. 

74  „           „  3-60 

60  „           „  3-40 

45  „           „  400 

39  91            n  •    ^^* 

34  »            i»  <lo* 

14  MM  <lo. 


if 
n 

99 

n 


cent. 

s.ut. 

490  50' 

4-16  percent. 

n 

9 

46 

450        „ 

K 

;* 

40    30 

400        „ 

i» 

n 

25    54 

do.         „ 

n 

y 

20 

3-90        „ 

V 

n 

1     16 

3*50        „ 

n 

Mr.  Scoresby,  in  north  latitude  77®  40*, 
and  east  longitude  2^  30',  found,  in  a 
Guantitv  of  water  taken  from  the  sur- 
uce,  tne  proportion  of  saline  matter 
3*56  per  cent  A  statement  in  the  Edin- 
burgh Philosophical  Journal  gives  the 
proportion  in  north  lat.  64°  26',  east 
Jong.  0^  38',  3'54  percent^  in  north  lat. 


78}°,  east  long.  6}^  3*88 ;  and  in  north 
lat.  78°  35'.  east  long.  6°  3*27.  Some 
observations  which  have  been  made 
tend  to  nrove  that  the  sea  is  less  salt  at 
the  surface  than  towards  the  bottom. 

The  foUowing  table  of  the  propor- 
tional specific  gravities  of  different  kinds 
of  water,  explains  the  reason  of  bodies 
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bein^  96  mneh  more  buoyant  in  the  tea 
than  in  other  water :  — 

bistilled  water       .    .    1*000 

Purest  sprhg  water    .     1-001  to  I'OOS 

River  water    ....  I'OIO 

Sea  water     ....    1'028 

The  de^ee  of  saltness  in  particular 
parts  of  the  sea  frequently  varies  from 
temporary  causes.  The  violent  tropical 
rains  have  an  effect  in  diminishing  it, 
especially  near  coasts,  where  an  in- 
creased volume  of  fresh  water  is  brought 
down  by  the  rivers.  The  Baltic  is  at 
all  times  less  salt  than  the  ocean,  and 
when  a  strong  east  wind  keeps  out  the 
^  orth  sea,  its  waters  are  said  tobecome 
almost  fit  for  domestic  uses.  The  most 
curious  phenomenon  of  all  is  that  of 
springs  of  fresh  water  rising  up  in  the 
midst  of  the  sea;  Humboldt  mentions 
that  in  the  Bay  of  Xagua,  on  the  south- 
em  coast  of  Cuba,  springs  of  this  kind 
gush  up  with  great  force  at  the  distance 
of  two  or  three  miles  from  the  land. 

The  littemess  which  exists  in  sea 
water,  but  apparently  not  beyond  a 
certain  depth,  is  with  much  prooability 
considerea  to  be  owina:  to  the  vegetable 
and  animal  matter  held  there  in  a  state 
of  decomposition. 

Water  being  a  bad  conductor  of  heat, 
the  temperature  of  the  sea  changes 
much  less  suddenly  than  that  of  the 
atmosphere,  and  is  by  no  means  subject 
to  such  extremes  as  the  latter.    It  may 

(No.  II.) 

Table  of  the  Temperature  of  the  Atlantic  Ocean  in  different  degrees  of  Longitude. 


safely  be  affinned  ^al  the  tempqalnw 
never  in  any  season,  or  under  any  lali« 
tude,  exceeds  eighty- five  or  eifrhty-six 
degrees  of  Fahrenheits  thermometer. 
The  existence  of  banks  or  shallows  has 
a  local  effect  in  diminishing  the  tempe- 
rature of  the  ocean,  but  the  ^reat  a^nts 
in    modifying  it    are  currents,  which 
mingle  together  the  waters  of  difl^rerrt 
depths  and  regions.      Thus  the  Gulf 
stream,  as  it  is  termed,  which  sets  into 
the  Gulf  of  Mexico,  is  much  warmer 
than  the  neighbouring  parts  of  the  sea; 
the  current  of  Chili  is  just  the  reverse 
The  following  tables  are  extracted  Grom 
M.    Humboldt's    Personal    Narrative, 
(Vol.  II.;)  the  experiments  from  which 
No.  I.  was  drawn  up,  were  made  during 
the  passage  from    Spain  to  the  New 
Contment,  between  the  9th  of  June  and 
15th  of  July  1799:— 

(No.  I.) 


N«nhlat 

WHtUng. 

Thw.  aftlic  Aa.«ccM 
•thfttBdacB. 

39»  10' 

16»  18' 

59«  Otf   Fahr 

34    30 

16    55 

61 

34 

32    16 

17      4 

63 

86 

30    36 

16    54 

65 

48 

29    18 

16    40 

66 

74 

26    51 

19    13 

68 

00 

20      8 

2S    51 

70 

16 

17    67 

33    14 

72 

32 

14    57 

44    40 

74 

66 

13    51 

49    43 

76 

46 

10    46 

60    54 

78 

44 

Lathada. 

0'    58' S. 
0     57 
0    33 
0     11  N. 
0     13 

25  15  N. 

25  29 

25  49 

27  40 

28  47 


27°  34'  W. 
30     11 
21     20 
84     1.') 
51     42  R. 


42 
43 
43 
44 
45 
48 


34  N. 

17 

58    . 

58 

13 

11 


20 
39 
26 
17 
18 

15 
31 
13 
34 
4 
14 


36  W. 
54 
20 
4 
17 

45  W. 
27 
7 
47 
40 
18 


Twnp^r  Um 

80.96  Fh. 

81.86 

81.86 

82.40 

80.78 

68.00 
70.88 
69.26 
70.88 
74.30 

51.98 
59.90 
60.62 
54.80 
59.90 
57.74 


Period  of  th« 
OlMerratlon. 


Bl«m  Tcm|itfcatw«  ofthe  Alria  i 
BaUaof  tb*: 


Nov. 

April 

March 

Feb. 

May 

June 

April 

March 

Jan. 

OcL 

Feb. 
May 
June 
Dec. 
Nov. 
Juae 


1788 
1803 
1800 
1803 
1800 

1799 
18U3 
1800 
1768 
1788 


Churruca 
Quevedo 
Perrinj* 
Humboldt  I 
Perfiiis 

Humboldt] 

Quevedo 

Perrlna 

Chappe 

Churruca 


►80«-6  (Cook.) 


69'8      (La    P^rouse    a*d 
Dsirymple.) 


1800  Perrins 

1803  Quevedo 

1799  Humboldt 

1 789  Williams 
1776  Franklin 

1790  Williams 


54-86    (Cook  and  d'Entre- 
casteaux.) 


These  tables  refer  only  to  the  Atlantic 
ocean  ;  but  the  experiments  which  have 
been  made  in  the  South  sea.  and  in  the 
Indian  ocean,  show  that  within  a  cer- 
tain distance  of  the  equator,  the  general 
temperature  of  the  sea  follows  nearly 


the  same  rule  in  corresponding-  lati- 
tudes. Within  the  tropics  there  is  no 
sensible  difference  in  north  and  in  south 
latitudes ;  there  is  very  little  even  as  far 
as  the  thirty-fifth  and  fortieth  decrees ; 
but,  when  we  advance  into  high  lafi- 
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hides,  there  can  be  no  doubt  that  the  other,  that  they  ire  frequently  broken, 
sea  is  colder  in  the  southern  than  in  the  and  the  fragments  are  piled  up  so  as 
northern  hemisphere.  Ice  extends  from  to  form  mounds  and  ridges  of  consider- 
five  to  eight  degrees  of  latitude  farther  able  elevation ;  it  is  thus  that  many  of 
f^om  the  south  than  from  the  north  pole,  the  small  ice-bergs  originate.  There  is 
owing,  it  is  probable,  to  the  almost  entire  no  doubt,  however,  that  the  most  bulky 
absence  of  land  near  the  Antarctic  cir-  of  these  bodies  are  detached  portions 
cle ;  while  the  north  pole  is  so  nearly  sur-  of  vast  glaciers,  such  as  abound  on  the 
rounded  byland,  that  the  ice  of  the  Arctic  precipitous  coasts  of  Greenland  and 
ocean  is  shut  up,  and  cannot  be  carried  Spitzbergen,  broken  off  in  consequence 
forward  to  sucn  a  distance  by  the  cur-  either  of  their  own  weight,  or  the  under- 
rent  which  sets  towards  the  equator.  mining  action  of  the  waves,  and  then 

Bays,  inland  seas,  and  the  spaces  carried  by  winds  and  currents  to  other 
among  clusters  of  islands,  where  the  parts  of  tne  ocean, 
action  of  the  waves  is  more  confined,  When  the  summer  has  well  advanced, 
and  the  water  usually  of  less  depth,  are  the  masses  of  ice  which  have  been 
the  most  favourable  places  for  the  pro-  frozen  together  during  the  winter  gra- 
duct  ion  and  accumulation  of  the  ma-  dually  separate,  and  clear  spaces  of 
rine  ice.  It  is  on  this  account  that  the  water  are  left.  As  soon  as  the  end  of 
navigation  of  the  Baltic  is  annually  September,  these  open  spaces  a&:ain  be- 
stopped  by  the  ice  in  a  latitude  not  gin  to  freeze  over;  but  before  this  effect 
more  northerly  than  that  of  tracts  which  commences,  the  temperature  of  the  air 
in  the  main  ocean  are  always  open  to  must  be  very  much  lowered,  owing 
the  passage  of  ships.  In  severe  wmters,  partly  to  the  freezing  point  of  sea  being 
people  may  travel  in  sledges  across  the  three  and  a  half  degrees  (Fahrenheit) 
entrance  of  the  Gulf  of  Bothnia  (lat.  below  that  of  common  water,  but  more 
60°)  which,  including  thenumerous  small  especially  to  the  surface  which  the  water 
intervening  islands,  is  a  distance  of  a  presents  to  the  atmosphere  being  re- 
hundred  and  fifteen  miles.  The  body  of  peatedly  changed  before  its  temperature 
ice  accumulated  in  Sir  James  Lancaster's  is  sufficiently  reduced  for  it  to  freeze, 
sound  has  defied  all  the  attempts  that  This  change  in  the  surface,  which  is 
have  been  made  to  accomplish  the  north-  greatly  assisted  by  the  agitation  of  the 
west  passage  from  the  Atlantic  to  the  sea,  takes  place  in  consequence  of  the 
Pacific.  particles  ot  a  liquid  body  becoming  spe- 

The  ice  of  the  polar  seas  assumes  a  cifically  heavier  as  th^  get  cooled,  so 
great  variety  of  shapes  and  appear*  that  they  descend  and  are  succeeded 
ances.  The  vast  and  thick  sheets  which  by  warmer  particles, 
are  met  with  in  high  latitudes  are  There  are  three  kinds  of  movements 
ctiWed  Jlelds  by  navigators ;  they  are  so  constantly  troing  on  in  the  waters  of  the 
extensive,  that  their  boundaries  cannot  sea : — 1 .  The  agitations  which  its  sur- 
be  seen  from  a  ship's  mast- head ;  and  face  undergoes  by  the  action  of  winds 
Captain  Cook  found  a  chain  of  them  — 2.  Tides,  which  are  the  result  of  the 
joining  Eastern  Asia  to  North  America,  attraction  exercised  on  the  water  by  the 
Sheets  of  less  extent  than  fiekis  are  sun  and  moon — 3.  Currents,  which 
called  Jioes.  Bergs  are  islands  of  ice,  arise  from  different  causes,  some  of 
considerably  elevated  above  the  water;  them  existing  within  the  element  itself, 
and  though' of  the  most  various  forms,  i.  As  the  particles  of  a  fluid  press 
commonly  perpendicular  on  one  side,  eaually  in  every  direction,  it  follows  that 
and  sloping  gradually  down  on  the  when  a  portion  of  the  surface  of  the 
other,  in  height  they  are  sometimes  water  is  displaced  by  a  wind,  the  adjoin- 
as  much  as  two  hundred  feet*.  There  ing  water  instantly  rushes  in  to  restore 
are  two  ways  of  explaining  the  forma-  the  equilibrium  or  balance  which  has 
tion  of  these  bodies.  The  large  masses  been  destroyed.  This  accounts  for  the 
of  ice  in  the  Polar  seas,  when  crowded  formation  of  toavea.  When  a  violent 
together  by  winds  and  currents,  exert  impulse  has  thus  been  communicated, 
such  an  enormous  pressure  upon  each  the  waves  continue  in  motion  for  some 
i hours  after  the  gale  has  entirely  sub- 

*  Kxperimenti  made  In  the  Aretie  Seuiiiow  that  sided,  00  the  same  principle  as  a  pendu- 

of»pieceofflo»iJngic«,  the  proportion  above  wftier  i          ronfiniiwi   to   Mwintr  for  qnrriA  timA 

i»gpoer»llyaboatooe-i^yenthoflheihicknes»ofthe  ^"J"   COnTinucs    10   swmg  lOr  SOme  Time 

whoip  in»»s.  It  maiit  uot,  however,  be  llrlppo^«d  rroiti  aiTer  it  has  been  set  lu  action.     I  et  the 

this  that  an  ioefcerj  two  handrwi  feet  oat  of  the  aritatiou  occasioned  bv  winds  extends 

water  exhibits  only  one-seventh  of  it«  height,  becauM     7®  *.•  .  i     u   i.      i**.*!^  .„«.,  u«i   

tbeM  bodies  are  fr^uehUy  agroand.     '       •  to  comparaUvely  but  a  litUc  way  below 
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the  surface  of  the  water:   divers  say  ocean,  or,  whkh  is  the   same 

that,  in  the  roughest  weather,  it  is  calm  draw  or  lift  up  the  waters  tbwazxl  tiiem- 

at  the  depth  of  ninety  feet.  selves.    Let  E   (fig.  1.)  represent  the 

2.  The  ^^«  proceed  from  the  attrac-  earth  and   M  the   moon;    since    tht 

live  forces  of  the  sun  and  moon,  which  power  of  gravity  increases  as  the  5(|uare 

diminish  the  gravity  of  the  waters  of  the  of  the  distant  diminishes,  it  is  evxlem 


c  a 


Fig.  1. 


that  the  waters  at  A,  the  part  of  the  and  C,  and  low  water  ntAnndN.  Ac- 
earth  nearest  the  moon,  will  most  feel  cording  to  th  is  it  should  be  high  water 
the  effect  of  her  attraction,  and  will  be  at  any  place  in  the  open  mo,  when  the 
raised  up  to  B ;  while  those  on  ea«h  side  moon  is  upon  the  meridian  of  thai 
of  A,  being  farther  off,  will  be  less  place,  and  low  water  when  the  moon  is 
raised.  But  besides  the  difference  owa-  upon  a  circle  cutting  the  meridian  in 
sioned  by  a  greater  or  less  distance,  the  question  at  right  angles;  but,  in  fact, 
more  oblique  or  slanting  the  hne  of  at-  the  greatest  and  least  heights  of  the 
traction,  the  less  will  be  the  elevation  of  water  at  such  a  place  do  not  occur  tiD 
the  water  acted  upon,  till  at  last  the  about  three  hours  qfUr  the  periods 
water  towards  and  under  the  circle  CEF  fixed  in  this  supposition.  The  delay  is 
will  not  only  not  be  elevated  but  will  thus  explained :  the  elevated  parts'  of 
be  lowered.  The  reason  of  this  is,  that  the  sea  have  received  such  an  ixn- 
the  force  of  attraction  acts  in  straight  pulse  towards  ascent,  that  they  oontinoe 
lines ;  and,  therefore,  if  we  draw  two  to  rise  after  the  earth's  rotation  has 
straight  lines  from  the  moon's  centre,  carried  them  from  under  the  line  of  the 
MC,  MF,  to  represent  this  force  acting  direct  attraction  of  the  moon ;  this  im- 
on  the  parts  C  and  F,  it  is  obvious  ihax  pulse  being  also  aided  for  a  time  by  the 
the  water  at  C  and  at  F  will  not  be  moon  continuing  to  attract  the  water 
raised,  but  depressed  l)y  being  drawn  upwards,  though  in  a  less  degree, 
away  from  C  to  D  and  from  F  to  H ;  As  the  moon  crosses  4he  meridian  of 
and  so  of  every  part  of  the  circle  CEF.  a  place  about  every  twenty- four  hours 
In  the  same  manner,  the  water  at  D  and  fifty  minutes  and  a  half^  the  sea  in  that 
H  will  pass  to  G  and  I,  and  thus  the  space  of  time  ebbs  twice  and  flows  twice 
ocean  will  be  disposed  in  a  spheroidal  all  over  the  world,  although  much  Jess 
form  CDGBIHr.  But  the  water  will,  towards  the  poles  than  within  the  tro> 
at  the  same  time,  rise  on  the  side  of  the  pics,  where  the  waters  are  under  the 
earth  away  from  the  moon,  because  the  direct  line  of  the  lunar  attraction, 
earth's  centre  being  more  strongly  drawn  In  the  above  remarks  we  have  spoken 
towards  the  moon  than  the  pomt  N,  re-  only  of  the  moon,  because,  though  the 
cedes  from  N,  which  is  the  same  in  effect  sun  is  so  very  much  larger  than  the 
as  if  the  water  at  N  receded  or  rose  up  moon,  yet  the  latter,  on  account  of  her 
from  the  earth's  centre.  The  ocean,  nearness  to  our  planet,  has  the  most 
therefore,  will  assume  a  spheroidal  form,  powerful  effect  upon  the  tides ;  it  is  cal- 
OKF,  on  the  side  away  from  the  moon,  culated  that  her  influence  is  nearly  In- 
as  well  as  on  the  one  facing  her.  Thus,  pie  that  of  tlie  sun.  The  sun,  however, 
if  we  draw  aline  MAKfrom  the  moon's  acts  upon  the  ocean  in  the  same  man- 
centre  through  the  centre  of  the  earth,  ner,  though  in  a  less  degree.  When 
the  two  points  B,  K,  where  it  touches  these  two  bodies  unite  ^eir  influence, 
the  earth's  surface,  will  be  those  of  high  which  they  do  at  the  seasons  of  new  and 
toater ;  and  if  we  take  two  more  points  full  moon,  the  tides  naturally  rise  the 
C,  F,  equally  distant  from  each  of  the  highest,and  are  then  called  4pni^ /riifer; 
.firsttwo,theywill  be  points  of /oz£)u;a/^.  but  when  the  moon  is  in  herquadra- 
By  the  earth's  rotation  on  its  axis  the  tures,  or  quarters,  the  action  of  each  of 
part  F  will  be  carried  to  A  and  the  part  the  two  luminaries  is  directly  opposed 
C  to  N  ;  matters  will  then  be  just  re-  to  that  of  the  other ;  the  tides  are  then 
versed,  and  it  will  be  high  water  at  F  of  course  the  lowest,  and  are  called  ii^p 


I 

I 

I 


^ 


J® 
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Fig.t. 


tides.    To  explain  this  more  clearly,  let 
£  (iig.  2)  be  the  earth,  S  the  sun,  and 
m  the  moon ;  when  new,  the  moon  is 
situated  at  x,  when  full  at  a/,  and  when 
in  her  quadratures  at  y  and  i/.    It  re- 
sults, from  what  has  been  already  said, 
that,  both  at  new  and  full  moon,  the  sun 
and  moon  will  each  assist  the  other  in 
raising  the  ocean  round  A  and  D,  and  de- 
pressing it  at  C  and  B ;  but  when  the 
moon  is  in  her  quadratures,  her  tendency 
is  to  raise  the  waters  at  C  and  B  and 
depress  them  at  A  and  D ;  while  that  of 
the  sun  is  exactly  the  reverse.    During 
the  moon*s  circuit  round  the  earth,  the 


spring  and  the  neap  tides  each  occur 
twice,  and  one  after  the  other. 

If  the  earth  were  entirely  covered  by 
a  sea  of  uniform  depth,  and  the  sun  and 
moon  moved  always  in  the  plane  of  the 
equator,  the  re^on  of  the  highest  tides 
would  always  oe  directly  under  the 
equator,  while  at  the  poles  there  would 
never  be  any  tide  whatever.  But  the 
changes  that  occiu:  in  the  positions  of 
the  sun  and  moon,  and  several  other 
circumstances,  prevent  the  tides  from 
taking  place  in  so  uniform  a  manner- 

In  figure  3,  let  us  suppose  A  £  H  to 
be  the  equator,  and  C  and  F  the  poles 


of  the  earth,  and  let  M,  the  moon,  and 
S,  the  sun,  both  be  in  ^e  plane  of  tiie 
equator ;  in  this  case  the  water  will  be 
higher  at  H  and  A,  than  in  any  other 
places,  and  most  depressed  under  the 
circle  C  E  F.  By  the  earth's  rotation, 
£  will  come  to  A,  and  it  Vrill  be  high 
water  at  E,  but  C  and  F,  the  poles, 
suflPer  no  change, of  position  from  the 
earth's  rotation,  and  the  waters  there 
will,  consequently,  remain  just  as  before. 
If  the  sun  and  moon,  therefore,  were  to 
remain  constantly  in  the  plane  of  the 
quat  or,  the  highest  tidesw^ould  always 
be  at  A,  E,  H,  &c.,  that  is,  under  the 
equator ;  while,  as  Cand  F  would  always 
be  situated  the  same  with  respect  to  tne 
lun  and  moon,  it  would  always  be  low 


water  at  the  poles,  that  is.  thw  would 
never  have  any  tides  at  all.  The  sun 
and  moon,  however,  are  continually 
changing  their  positions,  with  respect 
both  to  the  equator  and  to  each  other, 
and  corresponding  variations  are  pro- 
duced in  the  tides.  The  moon,  for  in- 
stance, is  sometimes  as  much  as  28f 
degrees  on  each  side  of  it.  Suppose  her 
to  DC  situated  at  x,  28  f  degrees  north  of 
the  equator,  draw  a  line  from  x  through 
the  centre  of  the  earth,  and  let  it  come 
out  at  Uie  opposite  side  of  the  earth, 
the  points  B  and  I  will  have  the  highest 
tides,  and  as  the  earth  turns  round,  all 
Uie  parts  of  the  circles  G  B  and  I  D 
will  successively  come  to  B  and  I.  The 
waters,  under  those  two  circles,  will* 
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therefore,  have  the  highest  lunar  tides,  flood  tide  passes  from  east  to  west,  (fnl- 

(when  the  moon  is  at  rr  or  a:')  and  the  lowing  the  apparent  course  of  the  sua 

waters,  under  the  circles  T  t  and  Yy,  and  moon,)  but  as  the  torrid  zone  is  the 

will,  in  turn,  be  the  most  depressed,  seat  of  the  highest  tides,  the  flood  in 

Results  of  a  similar  kind  are  obtained  if  the  northern  tem{)erate  zone  comes  ^m 

we  notice  the  changes  of  the  sun's  posi-  the   south,  and  in  the  southern  tem- 

tion.    In  the  course  of  a  year,  that  lu-  peratexone  from  the  north.  To  this  rule 

minary  ranges  nearly  23 1  degrees  on  there  are,  nevertheless,  local  exceptions, 

each  side  of  the  equator.  Suppose  him  caused  by  those  derangements  of  the 
to  I  e  situated  at  z,  23^  degrees  north  of  tide  which  we  are  now  going  to  mention. 
it :  a  line  drawn  from  him,  through  the       Of  all  irregularities  in  the  tides,  those 

earth's  centre  to  the  other  side,  wUl  pass  are  the  greatest  which  are  occasioned 

through  L  and  M,  and  the  parts  under  by  the  onstacles  offered  by  the  land  to 

the  circles  L  K  and  M  N  will,  while  the  the  ebb  and  flow  of  the  waters.     The 

Bun  is  at «  or  g',  experience  the  highest  impediments  created  by  shallows  in  the 

solar  tides.    If,  therefore,  at  the  time  ocean,  and  by  the  shores,  bays,  gulfs, 

when  the  sun  is  situated  at  z,  or  «',  the  and  promontories  of  islands  aiid  conti- 

moon  happens  to  be  at  x,  oi^  g,  or  o',  nents  are  such,  that  the  tides  are  gresitly 

the  sea,  under  the  four  circles  G  B,  delayed,  altered  both  in  degree  and  in 

I  D,  L  K,  and  M  N,  wiU,  as  the  earth  direction,  and  in  many  places  so  accu. 

moves  round,  have  the  highest  tides  on  mulated,  that  they  rise  to  heists  far 

the  globe ;  the  tides  of  G  B  and  I  D  exceeding  what  is  witnessed  in  the  open 
bein^,  however,  higher  than  those  of   ocean.    On  the  coasts  of  the  islands  d 

L  K  and  M  N  ;  since  the  moon's  attrac-  the  South  Sea,  there  are  regular  tides 

tion  is  more  powerful  than  that  of  the  sun.  of  only  one  or  two  feet  in  elevation; 

If  again,  while  the  sun  is  at  z^  or  ar',  the  but  on  the  western  shores  of  Europe, 

moon  happens  to  be  at  f,  jt/,  r,  or  r',  and  on  the  eastern  shores  of  Asia,  the 

the  forces  of  both  will  combme  to  raise  tides  are  very  strong,  and  have  many 

the  tides  highest  under  the  two  circles  variations.    On  the  northern  coasts  of 

L  K,  M  N  ;  and  when  both  luminaries  France,  the  flow  being  confined  in  s 

are  on  the  equator  together,  the  circle  channel,  and  repelled  also  by  the  oppo- 

A  £  H  (that  is,  the  equator)  will,  alone,  site  coasts  of  England,  rises  \o  a  siir- 

be  that  of  the  hi£:hest  tides.    It  must  prising  height ;  at  St.  Maloes,  in  Bre- 

at  the  same  time  be  kept  in  view,  that  tagne,  it  is  said,  even  to  50  feet.    The 

whenever  the  sun  and  moon  are  not  tide  ofthe  German  Ocean  is  twelve  hours 

situated  at  the  same  distances  from  the  in  travelling  from  the  mouth   of  the 

equator,    so  that  the  circles   of  their  Thames  to  London  Bridge,  where  it 

highest  tides  do  not  coincide  or  fall  to-  arrives  about  the  time  that  there  Ls  a 

gether,  allowance  must  be  made  for  their  new  tide  in  the  German  ocean.     This 

attractive  forces  counteracting^  in  some  is  one  instance  out  of  many,  of  the  effect 

degree,  each  other's  effects  upon  the  produced  upon  the  tide  when  it  has  to 

ocean ;  and  as  the  moon  completes  her  pass  along  a  narrow  channel,  and  to 

range  on  each  side  of  the  equator  in  overcome  an  opposing  current 
about  29J  days,  while  the  sun,  to  com-       The  explanation  that  has  been  given 

plete  his,  takes  nearly  365 i  days,  their  — — -— 

combined  motions  must  produce  con-  t  ir  ra..  9\  •. . n^i  r     .v      j  %m^ 

A,:        I  •  I     'a-       •     ^.     I-  ,        >«  rV  *^  (fi?«  3-)  »■  *  panuiei  of  north,  aod  MN  a  parallel 

tmual  irregulanties  m  the  tides.  Taking  of  south,  utitu(i« ;  ohpa  is «  meridiaii .-  «Dd  vhea 

one  year  with  anotlier,  the  mean  monthlv  S**!"*?^!"  *^  ^i.^*^  ^  ^^  f"  '}^  ciniem  at  the 

*A*«,Mi   «r  4U«  •..^^^  J-.  ^-   u     -J     ^i»  XL''  highest  tides,     kach  place  oader  thoiie  eireies  haa 

range   of  the  moon  on  each  side  of  the  high  water  twice  in  $«  hours  50i  minuie»-once! 

equator  is  the  same  as  the  annual  range  ?'*'«"  '*  *•  "'«*«'  Lor M—snd again,  when  it  is  Qa*ier 

of  the   Riin  ^23^  2ft''i  •   thp  hitrhMti  iirfia  ^^o'  N  ;  but,  onder  M  and  N,the  tid^s  oreaot  ao  high 

01  ine   sun  ^ZJ    Z»  )  ,  me  nig/ieSt  lldes  »,»(  h  and  M,  becaase  we  havebefore  »howa  ihmtiC 

are,    consequently,    Wltmn    the   tropics,  «nd  M  are  the  points  of  the  highest  tide»  when  the 

and  the  least  within  the  arctic  and  an-  I^"  '•  "I p-  .v^T^».*»  p*^»  «»'**' ^  *"<>  ^«  »*• 

tarctic  circles.*    Within  the  tropics,  the  rnrK?sfe*r6a"e^^^^^^ 

-  Jho  noon  is  at  p,  north  of  the  eqaator,  a  i^lare  aader 

•  w.  i..».  .1 j»    -V         *!.-*•*.•  VI.      .  pt.*  parallel  of  aortA  latitude,  wiU  have  i to  •f«a^«rt 

.«t  nU«  r*  **^****^  *^^  ^^**clfi"  ^'»^  '^*!«jr  »*  *»^  «'«'«■  w>»cn  the  moon  is  above  the  boriioVbata 

rJat  U  inXT«2fyw^*r?r  ^*^'""*•^  ^'^^  pliceunderMN.a  pamllel  of  wii^A  Utitnde,  w"u  ha4 

?»..  ^?u  JS  Jt ;  **»**  *"'l?^  the  equator  as  the  moon,  fts  ^naUist  hiffh  inter  when  the  moon  is  beU^w  the 

Xl  hori  Jn  of  S.^J"^***  n*****  *•*!  *?~?,"  ''^^  ^"«»-    WheVthe  moon  U  at  p',  scmtA  of  rt*  ?q«! 

the  horison  of  the  place,  will  cArcetd  the  tide  which  tor.  these  effects  wiU  be  just  rerersed.     In  Mimi^ 

H  produce.!  while  the  moon  is  under  the  horiton  of  when  the  sun's  declinS^in  is  «osSS^ly"w^^ 

thi  Ji'Tator  to  ;;e'm«?1kV;;^^^^  aft-aoontidea,  neHh^Z  ^^^.^^^^1^11 

tNeeqnator  to  the  moon,  the  effect  is  exacUy  the  re-  the  morning  tidea:  in  winter,  (he  moimitf  Udea  ex. 

▼erse.    This  is  ezpUined  in  the  following  way  :^  ceed  those  of  tiMiSiMaom,  "«»™««  »«*•»  «»• 


' 
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)9        of  the  manner  in  which  tides  ftraere&tad  Currents  and  winds  (especially  the 

in  the  ocean,  will  enable  us  to  perceive  latter)  have,  according  to  their  direc* 

;1        why  it  is  that«  in  some  gulfs  and  inland  tion,  an  influence  either  in  quickening 

i         seas,  there  are  either  no  tides,  or  such  or  retarding  the  tide ;  indeed  a  powerful 

trifling  ones  as  to  be  scarcely  discern-  wind  will  sometimes  keep  a  tide  out  of 

I        ibie.    In  figure  I,  the  waters  at  A  are  very  narrow  channels.  On  the  contrary, 

brought  to  B,  not  only  by  the  moon  a  strong  wind  coming  from  the  same 

\         raising  up  the  parts  immediately  under  quarter  as  the  tide,  will  raise  it  several 

,          hei-,  but  also  by  her  drawing  obliquelv  feet  above  its  usual  level. 

towards  B  the  parts  distant  from  B,  The  causes  which  render  the  move- 
and  by  the  lateral  flowing  of  the  neigh-  ments  of  the  tides  complex  and  irregular, 
bouring  waters  (p  n,  for  instance)  may  thus  be  summed  up  under  four 
towards  B,  which  results  from  their  heads — 1.  The  variations  in  the  posi- 
being  less  attracted  by  the  moon,  and,  tions  of  the  sun  and  moon,  with  respect 
therefore,  heavier  than  those  at  B.  to  the  equator  and  to  each  other.  2.  The 
Being  heavier  than  B,  they  press  upon  obstacles  presented  by  the  land  ;  3.  by 
and  flow  towards  that  part.  In  small  winds ;  and  4.  by  currents.  The  exist- 
collections  of  water,  the  moon  acts  with  ence  of  these  causes  renders  it  impos- 
the  same  line  of  attraction,  or  nearly  sible  to  lay  down  any  general  rule  for 
so,  upon  every  portion  of  the  surface  at  calculating  the  level,  either  of  high  or 
once,  and,  therefore,  the  whole  of  the  of  low  water,  in  different  latitudes, 
waters  being  equally  elevated  at  the  8-  CurrmU  in  the  ocean  may  be  oc*- 
same  period,  no  part  of  them  is  ever  casioned  in  various  ways :  they  may 
higher  than  the  other.  This  is  one  arise  from  an  external  impulse,  (a  gale 
reason  why  the  Baltic  has  no  percen-  of  wind  for  instance) ;  from  a  difiterence 
tible  tides,  and  why  even  those  of  the  in  temperature  or  saltness  between  two 
Mediterranean  are  hardly  visible.^  But  parts  of  the  sea ;  from  the  periodical 
in  addition  to  this,  the  two  seas  in  ques-  melting  of  the  polar  ice,  or  from  the 
tion  ^  are  so  circumstanced  that  they  inequality  of  the  evaporation  whicn  the 
cannot  receive  tides  from  the  Atlantic :  surface  of  the  sea  undergoes  in  different 
1st,  because  their  entrances  are  not  latitudes.  These  causes  mav  produce 
turned  towards  the  main  direction  of  the  either  constant  or  occasional  currents, 
Atlantic  tide ;  2ndly,  because  their  en-  and,  according  as  they  act  in  concert  or  in 
trances  are  so  narrow,  that  the  quantity  opposition,  will  their  effects  be  various, 
of  tide  which  that  ocean  can,  in  a  few  The  most  remarkable  currents  are 
hours,  impel  into  them,  is  insufiicient,  those  which  continually  follow  the  same 
after  being  spread  over  the  extensive  direction.  There  is  one  which  sets  re- 
surfaces of  the  two  seas,  to  raise  their  gularly  from  each  of  the  poles  towards 
level  at  all  perceptibly.  The  Greeks,  the  equator ;  and  when  we  get  within 
who  accompanied  Alexander  the  Great  twenty-eight  or  thirty  degrees  of  the  line 
in  his  expedition  to  the  east,  having  on  either  side,  a  general  movement  is 
never  been  on  any  other  coasts  than  observed  in  the  ocean,  in  a  direction 
those  of  the  Mediterranean,  were  seized  nearly  from  east  to  west  The  existence 
with  complete  consternation  on  first  of  the  two  polar  currents  is  proved  by 
beholding  the  retreat  of  the  strong  tide  the  floating  of  masses  of  ice  from  the 
which  the  Indian  ocean  sends  into  the  frigid  into  the  temperate  regions ;  these 
river  Indus.  In  gulfs  which  are  differ-  masses  are,  at  times,  seen  as  low  as  the 
enfly  circum!?ianced  with  respect  to  the  forty-fifth,  or  even  the  fortieth  degree  of 
direction  of  their  entrances,  and  which  latitude.     It  was  the  opposition  of  the 

I          have  openings  wider,  as  compared  with  polar  current  which  prmcipally  occa- 

their  extent,  the  tides  propagated  firom  sioned  the  failure  of  the  attempt  made 

the  ocean  are  sensibly  felt    Hudson*9  last  year  under  Captain  Parrjr  to  reach 

and  Baffin's  Bays,  and  the  Red  Sea,  are  the  north  pole ;  before  they  desisted  from 

'          examples  whicfi  prove  the  correctness  their  efforts,  the  expedition  found  that, 

of  this  observation.  as  they  advanced  over  the  ice,  they  were 

being  drifted  southward^  at  a  rate  fastei: 

I            '                                         ~     ~  than  that  at  which  they  were  travelling 

•  ThA  litti*  tide  whioh  there  ii  io  the  Medtterm.  northward.    It  is  equally  certain  that  a 

^iTZ'Z  S  Mrr,:?.'ild'?Jp'n2:X:r"w.'S  troplad  cujTent  exUts  judging:  not  only 

into    he  Ou  f  of  Venice.    M.  D'Anme  obverred  that  from  the  direction   01  bodies  floating  OU 

at  Toulon,  on  the  ooast  of  Pruee,  the  imi  roee  a  foot  ^g   water,  but    alsO   from  the  circum- 

SlrlridSu**""*'*^'""**'^'*^^  'tanoe  that  vessels,  .in  crossing  from 
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Europe  to  Ameiiea,  descend   to  tbe    Atlantic;  and  it  will  be  seen,  if  ^penfer 
latitude  of  the  Canary  Islands,  where    to  a  map,  that  frcan  Cape  St.  Rodwv 
they  fall  into  a  current  and  are  carried    which  has  about  five  degrees  of  south 
rapidly  to  the  west     In  ^oin^  from    latitude,  the  coast  of  South   America 
'  America  to  Asia  across  the  Pacific,  a  si-    sfa^etches  away  in  a  continued  line  t» 
milar  effect  is  observed.    It  might  be    the  north-west,  as  far  as  the  isle  of  Tri- 
supposed  that  this  was  due  solely  to  Ihe    nidad.  Owing  to  Uiis  shape  of  the  coast; 
trade- winds,  but  such  is  not  the  case:  for    the  waters,  as  far  as  the  tenth  degree  of 
it  is  quite  possible  to  distinguish  ^eir    south  latitude,  are,  when  they  approach 
effectfromthatof  the  currents,  since  the    America,  carried  away  in  a  current  to 
progress  of  the  vessel  is  quicker  Uian  it    the  north-west  This  current  afterwards 
could  be  with  the  aid  of  the  wind  alone,    enters  the  gulf  of  Mexico,  throug^h  the 
The  origin  of  the  polar  currents  is,  no    strait  formed  by  the  western   end  of 
doubt  in  a  great  measure,  to  be  referred    Cuba,  and  the  opposite  peninsula,  Cfrom 
to  the  centrifugal  force  which  is  the    this  part  it  is  calkd,  by  navigators,  the 
result   of  the   earth's  rotation.     CSee    Gul/'Stream,)  and  follows  the  bending 
McUhematical  Geogrcephy^  chap.  8.)    It    of  the  Mexican  coast  from  Vera  Cruz 
may  be  further  explamed,  when  we  re-    to  the  mouth  of  the  Rio  del  "Norte,  and 
fleet  that  the  water  towards  the  poles,    thence  to  the  mouths  of  the  Misaasippi, 
both  on  account  of  its  lower  tempera-    and  the  shoals  west  of  tlie  southern  ex- 
ture  and  its  being  less  attracted  by  the    tremity  of  Florida.    It  next  takes  a  new 
heavenly  bodies,  is  heavier  than  the    direction  to  the  north,  and  rushes  hnpe- 
water  in  the  tropical  rcs^ions,  and,  more-    tuously  into  the  gulf  of  Florida.  M.  Hum- 
over,  that  the  neat  of  the  torrid  zone    boldt  observed  in  the  month  of  May 
occasions  a  much  more  powerM  eva-    1804,  in  the  26th  and  27th  degrees  of 
poration  of  the  sea  than  is  elsewhere    latitude,   that  its  vdocity  was  eighty 
experienced:  the  consequence  is,  tiiat    niiles  in  twenty-four  hours,  althou^. 
the  waters  nearer  the  poles  will  move    &t  the  time,  there  was  a  violent  wind 
towards  the  equator,  in  order  to  restore    acainst  it    At  the  end  of  the  gulf  of 
the  equilibrium  which  has,  m  these  se-    Florida,  (north  lat  28°)  it  runs  to  the 
veral  ways,  been  destroyed.    The  tro-    north-east  at  the  rate,  sometimes,  of 
pical  current  may  also,  though  in  ano*    five  miles  an  hour.    It  may  always  be 
ther  manner,  be  explained  as  proceed*    distinfi;uished  by  the  high  temperature  * 
ing  from  the   earth's  rotation.     The    and  fiie  saltness  of  its  waters,  their  in- 
waters,  as  they  advance  from  the  polar    digo-blue  colour,  and  the  quantity  of 
seas,  pass  from  r^ions  where  the  ro-    sea-weed  floating  on  the  siufaoe,  and 
tatory  motion  of  the  earth's  surface  is    also  by  the  heat  of  the  surrounding  at- 
yery  slight,  to  those  where  it  is  exceed-    mosphere.    The  rapidity  and  tempera- 
ingly  rapid;  thev  cannot   immediately    ture of theG^ti(^-*<rtfam,c(iminish towards 
acquire  the  rapid  motion  with  which  the    the  north,  while,  at  the  same  time,  its 
solid  parts  of  the  earth  revolve  in  the    breadth  increases.^  Its  further  progress 
tropical  regions,  and  they  are,  accord-    northward  is  at  last  checked  by  the 
ingly.  left  rather  behind,  that  is,  to  the    southern  extremity  of  the  great  bank  of 
westward  (the  earth  turning  round  from    Newfoundland,  in  the  4  2d  degree  of  la- 
west  to  east).  The  ocean,  consequently,    titude,  where  it  turns  suddenly  to  the 
appears  to  retreat  from  the  western,  and    east    It  afterwards  continues  moving 
advance  upon  the  eastern  coasts  of  the    towards  the  east  and  the  east-south- 
contments,  or,  in  other  words,  to  have    east  as  far  as  the  Azores  islands  -  and 

a  general  movement  from  east  to  west ; ' 

and  the  effect  is  very  much  assisted  by      '  ~" '"" 

the  constant  blowing  of  the  trade  winds.     ,   *  Ham Wdt  observes  that « the  w»ten  of  Ow  Mez. 

We  wiU  now  expl«n  the  modifications  'SSr  SSi'SS^lljSrS.'S.S'.'^jSCSt'SrS? 
or  changes  which  this  grand  movement  »»*  fortir-one  degnea  of  uutudp^  iie  fonsd  tiMsm  at 
in  the  ocean  undergoes,  in  conseauence    ■«7"'?u     '*«ff'^  *»<!  •  half  (Faiii«ibeit);  wb«ii, 

^P  ♦k^   ^u-4.-  „i«       ^  1  *  *'""'*;4"*="^^     oat  of  the  carxent,  the  heat  of  the  ocean  at  ita  mnrfrnt^ 

of  the  obstacles  presented  by  the  land     was  scarcely  sixty-three  degrees  aS^  hal?   UA^ 
to  its   free    progress.      When    it   meets     P»*^«l  of  New  tork,  (forty-one  degrees  mna)  Che 

or  turn  aside  its  course,  it  forms  strong    decree  of  latitude.** 

and   even    dangerous    currents.     The      J"  ,V?  ^™***'**  ***  ^*^*«*«  **«*7-«'g'»*  *•!»•«•  •«mI 

eastern  coast  of  America,  and  the  Wes?    ?.  *?ii;SLTJ?Steli;^(isfe%'5!S2 

India   Islands,  constitute  a  sort  of  dvke     ^T^^^r)  f">™  ^^^^  to  fifty  leagues ;  awl  oa  the  men. 

U>  the  genena  westward  motion  of  the    iSi^ttS!S2?IS^SSr*  "  ** 
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thence  it  turns  towards  tiie  straits  of  Hebrides  are  collected  seeds  of  several 
Gibraltar,  the  Isle  of  Madeira,  and  the  plants,  the  growth  of  Jamaica,  Cuba, 
group  of  the  Canaries,  till,  on  reaching  and  the  neighbouring  continent.  The 
the  parallel  of  Cape  Blanco,  it  completes  most  striking  circumstance,  perhaps, 
the  round  by  mixing  with  the  grand  is  that  of  the  wreck  of  an  English  vessel, 
westerly  current  of  me  tropics.  It  is  burnt  near  Jamaica,  having  been  found 
probable,  however,  that  a  branch  still  on  the  coast  of  Scotland. 
lEeeps  on  its  course  to  the  south  and  There  are  various  currents  in  the 
south-east,  along  the  coast  of  Africa ;  for  Pacific  and  Indian  oceans.  The  general 
it  is  well  known  that  ships,  if  they  ap-  westward  motion  of  the  former  is  im^ 
proach  too  near  the  shore,  are  cu-awn  peded  by  a  numerous  archipelago,  and 
into  the  gulf  of  Guinea,  and  with  diffi-  nence  it  receives  different  directions, 
ctdty  get  out  again.  We  thus  see  that  A  strong  currrent  sets  to  tfie  west, 
between  the  pmUels  of  1 1  and  43  de-  through  each  of  the  two  straits  which 
grees,  the  waters  of  the  Atlantic  are  car-  respectively  separate  New  Holland  fh)m 
ried  on  in  a  continual  whirlpool  Hum-  New  Guinea  and  from  Van  Diemen*s 
boldt  remarks  that,  supposing  a  particle  Land.  It  then  gets  diverted,  and  flows 
of  water  to  return  to  the  same  place  northward  alons^  the  coast  of  Sumatra, 
fi-om  which  it  departed,  "  we  can  esti-  till  it  reaches  me  bottom  of  the  Bay  of 
mate,  from  our  present  knowledge  of  Bengal  The  following  appears  to  be 
the  swiftness  of  currents,  that  this  cir-  the  reason  of  its  taking  this  course  : — 
cuit  of  three  thousand  eight  hundred  the  general  impetus  of  the  Pacific  to- 
leagues  is  not  terminated  in  less  than  wards  the  west,  being  encountered  by 
two  years  and  ten  months.  A  boat.  New  Holland  and  the  numerous  East 
-which  may  be  supposed  to  receive  India  Isles,  is  broken  and  dispersed ; 
no  impulse  from  the  winds,  would  re-  while  the  westerly  motion  of  the  Indian 
quire  tmrteen  months,  from  the  Canary  sea  has  not,  in  so  early  a  stage,  acquired 
Islands,  to  reach  the  coast  of  Caraccas ;  much  strength ;  the  polar  ciurent  from 
ten  months  to  make  the  tour  of  the  the  south,  at  the  same  time,  presses 
Gulf  of  Meiuco  and  reach  Tortoise  upon  the  wide  opening  which  the  Indian 
Shoals,  opposite  the  port  of  the  Havan-  sea  presents  to  that  quarter,  and  the 
nail ;  while  forty  or  nfty  days  might  be  waters  on  the  eastern  verge  of  that  sea 
sufficient  to  carry  it  from  the  straits  of  are,  therefore,  pushed  into  the  Bay  of 
Florida  to  the  bank  of  Newfoundland  Bengal.  In  the  neighbourhood  of  Cey- 
It  would  be  difficult  to  fix  the  rapidity  Ion  and  the  Maldive  islands,  however, 
of  the  retrograde  current  from  this  bank  the  tropical  motion  has  become  power- 
to  the  coasts  of  Africa :  estimating  the  ful  enough  to  resist  the  polar  current, 
mean  velocity  of  the  waters  at  seven  or  The  westerly  current  then  recommences, 
eight  miles  m  twenty-four  hours,  we  but  is  agam  turned  out  of  its  line  and 
find  ten  or  eleven  months  for  this  last  made  to  flow  to  the  south-west,  by  the 
distance.*'  It  is  a  curious  fact,  that  to-  chain  of  islands  and  shallows,  which 
wards  the  close  of  the  1 5th  century,  be-  reaches  from  the  extremity  of  the  In- 
fore  Europeans  were  acquainted  with  dian  peninsula  to  Madagascar.  After 
the  existence  of  America,  two  bodies  passing  Madagascar,  it  dashes  against 
belonging  to  an  unknown  race  of  men  Africa,  and  at  the  termination  ot  that 
were  cast  by  the  Gulf- stream  on  the  continent,  mingles  with  the  general  mo- 
coasts  of  the  Azores,  and  pieces  of  bam-  tion  of  the  waters, 
boo  were  brought  by  the  same  current  A  current  afterwards  sweeps  from 
to  the  shore  of  the  small  island  of  Porto  the  Atlantic  into  the  Paciflc  ocean, 
Santo ;  by  these  circumstances,  Coluin-  through  the  straits  of  Magellan.  There 
bus  is  said  to  have  been  strengthened  in  can  be  little  doubt  that  this  is  a  branch 
his  conjectures  with  respect  to  the  ex-  of  the  general  current  from  the  south 
istence  of  a  western  continent.  pole  ;  though,  at  the  same  time,  it  may 
An  arm  of  the  Gulf- stream  in  the  be  partly  the  result  of  the  westerly 
45th  and  50th  degrees  of  latitude,  runs  movement  of  the  Atlantic,  which,  being 
to  the  north-east,  towards  the  coasts  of  checked  by  the  shores  of  Brazil^  flows 
Europe,  and  becomes  very  strong  when  to  the  south-west,  along  the  South  Ame- 
the  wind  has  blown  long  from  the  west,  rican  coast. 

The  fruit  of  trees  whicn  belong  to  the  There  is  a  question  connected  with 

American  torrid  zone  is  every  vear  de-  the  currents  of  the  Arctic  ocean,  which 

posited  on  the  western  coasts  or  Ireland  has  engaged  a  good  deal  of  attention, 

and  Norway ;  and  on  the  shores  of  the  and  beoi  consid^^  difficult  to  explain : 
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ttroyed  by  the  monttxmt^,  which  belong  it  is  by  land  on  the  norfh,  the  trade- 
to  the  cla^  of  periodical  winds.   These  winds  would  blow  over  it   (at  least  b 
blow  half  the  year  from  one  quarter,  the  central  parts)  as  they  do  in  the  Al- 
and the  other  half  from  the  opposite  di*  lantic  and  Pacific  Oceans.      But  it  is 
rection :  when  they  shift,  variable  winds  well  known  that  water,  owing-  to  its 
and  violent  stonns  prevail  for  a  time,  transparency,  is  very  little  wanned  by 
which  render  it  dangerous  to  put  to  sea.  the  sun*s  rays,  whereas    the   land  a 
They  of  course  suffer  partial  changes  in  powerfully  heated   by   them  ;     con^e- 
particular  places,  owing  to  the  form  and  quently,  when  the  s\m  is  between  the 
position  of  the  lands,  and  to  other  cir-  eijuator  and  the  tropic  of  Cancer,  India, 
cumstances,  but  it  will  be  sufficient  to  Siam,  and  the  adjacent  countries,  be- 
?ive  their  general  limits  and  directions,  come  much  hotter  than  the  ocean  ;  the 
rforthward  frt>m  the  third   decree  of  air  over  them  gets  rarefied  and  ascends; 
south  latitude,  a  south-west  wind  blows  colder  ,air  then  rushes  in  frt>m  the  In- 
from  April  to  October — ^from  October  to  dian  ocean,  and  a  south-west  wind  is 
April  a  north-easts    these  monsoons  produced.  When  the  sun,  however,  has 
extend  over  the  China  sea,  but  here  th^  crossed  to  the  south  of  the  equator,  &ese 
incline  more  to  the  direction  of  north  countries  become  gradually  cool,  and 
and  south.    Between  the  3d  and  10th  the  north-east  trade-wind  resumes  its 
degrees  of  south  latitude,  a  north-west  course.    At  the  same  time  the  north- 
wind  blows  from  October  to  April,  and  west  monsoon  commences  in  the  south- 
^.south'east  during  the  other  six  months  em  hemisphere,  in  consequence  of  the 
of  the  year:  the  former  is  seldom  steady  air  over  New  Holland  being  rarefied  bj 
in  the  open  sea,  but  in  December  and  thepresence  of  the  sun. 
January  it  sometimes  extends  north-       Tne  monsoons  in  the  Red  Sea  blow  in 
wards  a  degree   or  two    beyond   the  the  direction  of  the  shores ;  and  a  similar 
equator,     "niese  two  monsoons  have  effect  is  observed  in  the  Mozambique 
the  greatest  strength  and  regularity  in  ohanncJ,  between  Africa  and  Madiigas- 
the  Java  Sea,  and  thence  ea^wara  to-  car,  where  these  winds  follow  the  line  of 
wards  New  Guinea.    The  facts  above  the  channel.    On  the  coast  of  Brazil, 
exhibited  may  l>e  thus  summed  up : —  between  Cape  St  Augustine  and  the 
from  April  to  October  a  south-west  island  of  St  Catharine,  and  in  the  bay 
wind    prevails  north  of  the   equator,  of  Panama,  on  the  west  of  the  isthmus 
southward  of  this  a  south-east  wind —  of  that  name,  p^odical  winds   occur 
from  October  to  April,  a  north-east  somewhat  simiUr  to  the  monsoons  of 
wind  north  of  the  equator,  and  a  north-  Asia. 

u>est  between  the  equator  and  10°  The  land  and  sea-breezes,  which  are 
of  south  latitude ;  south  of  this  the  common  on  coasts  and  islands  situated 
usual  trade  wind,  which  is  in  motion  between  the  tropics,  are  another  kind  of 
through  the  whole  year.  periodical  winds.  During  the  day,  the 
In  attempting  to  account  for  these  air,  over  the  land,  is  strongly  heated 
movements  of  the  atmosphere  over  the  by  the  sun,  and  a  cool  bre^e  sets  in 
Indian  Ocean,  the  first  thing  which  from  the  sea ;  but  in  the  night  the  at- 
strikes  us  is,  that  the  north-east  and  mosphere  over  the  land  gets  cooled, 
south-east  monsoons,  which  are  found  while  the  sea,  and  consequently  the  air 
the  one  on  the  north  and  the  other  over  it,  retains  a  temperature  nearly 
on  the  south  side  of  the  equator,  are  even  at  all  times :  accordingly,  after  sun- 
nothing  more  than  the  trade-winds  set,  a  land-breeze  blows  off  the  shores 
blowing  for  six  months,  and  then  sue-  The  sea-breeze  generally  sets  in  shout 
ceeded  for  the  remainder  of  the  year  by  ten  in  the  forenoon,  and  lasts  till  six  in 
winds  directly  opposite.  It  is  also  to  the  evening;  at  seven  the  land  breeze 
be  noticed  that  the  south-west  monsoon  begins,  and  continues  till  eight  in  ihe 
in  the  northern,  and  the  norfh-west  morning,  when  it  dies  away.  These 
monsoon  in  the  southern  hemisphere,  alternate  breezes  are,  perhaps,  felt  more 
each  prevails  while  the  sun  is  perpen-  powerfully  on  the  coast  of  Malabar  than 
dicular  to  their  respective  regions :  they  anywhere— their  effect  there  extends  to 
are,  therefore,  connected  with  the  im-  a  distance  of  twenty  leagues  from  the 
mediate  presence  of  that  luminair..  If  land.  During  summer,  Sie  sea-breeze 
the  Indian  Ocean  were  not  bounded  as  is  very  perceptible  on  the  coasts  of  the 

«  From  tlM  Malay  ^rwdiMMtw,  which  ngmfies  a  Mediterranean,  and  sometimes  even  as 

far  north  as  Norway. 
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We  thus  perceive  that  within  the  limits  WMrltoindt  sometimes  arise  ftxnn 

of  from  28  to  30  degrees  on  each  side  of  winds  blowing  among  lofty  and  predpi- 

Ihe  equator,  the  movements  of  the  at-  tons  mountams,  the  form  of  which  m- 

mospnere  are  carried  on  with  great  regih  fluences  their  direction,  and  occasions 

larily ;  but  beyond  these  limits,  the  winds  gusts  to  descend  with  a  spiral  or  whirling 

ore  extremely  variable  and  uncertain,  and  motion.    They  are  frequently,  however* 

the  observabons  made  have  not  yet  led  to  caused  by  two  winds  meeting  each  othor 

an}r  satis&ctoir  theory  by  which  to  ex-  at  an  awe,  and  then  turning  upon  a  cen- 

Elain  them.     It  appears,  however,  that  tre.     When  two  winds  thus  encounter 
eyond  the  region  of  the  trade-winds,  the  one  another,  any  doud  which  happens 
most  frequent  movements  of  the  atmos*  to  be  between  them  is  of  course  con- 
phere  are  from  the  wuthrtoest,  in  the  densed  and  turned  rapidly  round ;  9x^ 
north  temperate  zone,   and  from  the  all  substances  sufficients  light  are  car- 
norih-tcestf  in  the  south  temperate  zone,  ried  up  into  the  air  by  the  whirling  mo 
This  remark  must  be  limited  to  wuids  tion  which  ensues.     The  action  of  a 
blowing  over  the  ocean  and  in  maritime  whirlwind  at  sea  occasions  the  curious 
countries ;  because  those  in  the  interior  phenomenon  called  a  watfr-spoui,  which 
of  continents  are  ixxftuenced  by  a  variety  is  thus  described  by  those  who  have 
of   drciunstances,  among   which,   the  witnessed  it  From  a  dense  doud  a  cone 
height  and  position  of  chains  of  moun-  descends  in  the  form  of  a  trumpet  with 
tains  are  not  ttie  least  important  These  the  small  end  downwards ;  at  the  same 
south-west  and  north-west  winds  of  the  time,  the  surface  of  the  sea  under  it  is 
temperate  zones  are  most  likely  occa-  agitated  and  whirled  round,  the  waters 
sioned  in  the  following  manner : — In  the  are  separated  into  vwour,  and  ascend 
torrid  zone  there  is  a  continusl  ascent  of  with  a  spiral  motion  till  they  unite  with 
tor,  which,  after  rising,  must  spread  itself  the  cone  proceeding  from  the  cloud; 
to  the  ncnrth  and  south  in  an  opposite  fr^uently,  however,  they  disperse  before 
direction  to  the  trade-winds  below:  these  the  junction  is  effected.     Both  columns 
upper  currents,  becoming  cooled  above,  dimmish  towards  their  point  of  contact, 
at  last  descend  and  mix  themselves  wiUi  where  they  are  not  above  three  or  four 
the  lower  air ;  part  of  them  may  perhiups  feet  in  diameter.     In  the  middle  of  the 
£elU  a^n  into  the  trade-winds,  and  tne  cone  forming  the  water-spout,  there  is  a 
remainder,  pursuing  its  course  towaxds  white  transparent  tube,  which  becomes 
the  poles,  occasion  the  north-west  and  less  distinct  on  approaching  it,  and  it  is 
south-west  winds  of  which  we  have  been  then  discovered  to  be  a  vacant  space  in 
speaking.     It  has  also  been  conjectured  which  none  of  the  small  particles  of 
that  Ihese   winds  may  frequently  be  water  ascend ;  and  in  this,  as  well  as 
caused  by  a  decomposition  of  the  aunos-  around  the  outer  edges  of  the  water- 
phere  towards  the  poles,  from  pert  of  apout,  large  drops  of  rain  precipitate 
the  air  being  at  times  converted  into  tnemselves.     In  calm  weather,  water- 
water,  spouts  generally  preserve  the  perpendi- 
Hurrioanet  have  been  supposed  to  be  cular  in  their  motion;  but  when  acted 
of  electric  origin.     A  large  vacuum  is  on  by  winds  they  move  on  obliquely— 
suddedy  created  in  the  atmosphere, into  sometimes  they  .disperse  suddenly,  at 
which  vacuum  the  surrounding  air  rushes  others  they  pass  rapidly  along  the  surfoce 
with  immense  rapidity,  sometimes  from  of  the  sea,  and  continue  a  quarter  of  an 
opposite  points  of  the  compass,  spreading  hour  or  more  before  they  cusappear.    A 
the  most  frightful  devEistation  alonx  its  notion  has  been  entertained  that  they 
track,  rooting  up  trees,  and  leveUinff  are  very  dangerous  to  shipping,  owing  to 
houses  with  Sie  ground.    They  are  set  the  descent,  at  the  instant  of  their  break- 
dom  experienced  beyond  the  tropics,  or  ing,  of  a  large  body  of  water  sufficient  to 
nearer  the  equator  than  the  9th  or  10th  sink  a  ship ;  but  this  does  not  appear  to 
parallels  of  latitude ;  and  they  rage  with  be  the  case,  for  the  water  descends  only 
the  ^p-eatest  fury,  near  the  tropics,  in  tiie  in  the  form  of  heavy  rain.     It  is  true, 
vicinity  of  land  or  i^nds,  while  far  out  that  small  vessels  incur  a  risk  of  being 
in  the  open  ocean  they  rarely  occur,  overset  if  they  carry  much  sail;  be- 
They  are  most  common  among  the  West  cause  sudden  gusts  of  wind,  from  all 
India  islands,  near  the  east  coast  of  points  of  the  compass,  are  very  common 
Madagascar,  the  islands  of  Mauritius  m  the  vicinity  of  water-spouts, 
and  Bourbon,  in  the  Bay  of  Bengal  at  .««.««. 
the  changing  of  the  monsoons,  uid  on 
the  coasts  of  Cliina. 

D 
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On  Physical  Clim atb.  tor)  this  position  detemunet  the  leiuirth  of 

^.  ^  r  <  z.  J  J  'it       the  day,  andtlie  direction  in  which  the 

racter-Mean  mntwi  Tmperature-^  ^  ^^,  ^  1  ^^  ^^^^  ^  j^^ 
^x/r«n«*  y  ^^*  a«^  S^'^rT    «>n.  his  continued  action  causes  a  pow- 

i?^'*^  ^''*5'1^^^?^^'S!!!*  f  ^*  erful  accumuUtion  of  heat;  the  nSts 
Southern  arid  Northern  I^ispheres  ^  ^^^j^,^  .j^^^,  but  Uttle  of  UrisKoit 
cormHired-Quanittyo/  Evapor^xon  ^  ,  Jg^^ng  his  absence.  On  this 
W  0/  i?ai»  in  ^anoi«  LaMides^  ^^^^  it  is.  Qiat  even  witbinthe  arctic 
Character  of  the  Seasons  in  the  dxjfer^  ^^^  ^^e  sumlher  temperatm  is  somi^ 
ent  zones.  times  quite  oppressive^.  The  diiedion  in 

Thb  term  ditnate  is  applied  to  the  state  which  the  rays  hH  upon  the  earth  14 
of  the  air,  in  onter  to  express  that  parti-  another  impcniant  connderation ;  their 
eular  combination  of  temperature  and  irrealest  force  being  experienced  when 
moisture  which  exists  m  the  atmosphere  theyareperpendicular  to  the  surface.  On 
Of  any  greater  or  less  extent  of  countiy.  the  contraiy,  when  the  sun  i»  near  the 
The  cbmates  of  different  r^ons  of  the  horizon,  his  rays  merely  glance  along  the 
globe,  and  the  causes  which  occasion  ground,  and  many  of  them,  before  they 
Sieir  great  diversi^,  are  interesting  mat-  reach  it,  are  absort)ed  and  ^spersei^ 
ters  of  inquiry,  if  an  uniform  <£mate  owing  to  the  density  ofthe  lowest  stratum 
had  been  communicated  to  tiie  whole  of  the  atmosphere  along  which  they  have 
globe,  we  should  not  have  seen  such  to  pass.  Bousuer  calculated  that,  out  of 
wonderful  variety  among  the  anunal  and  10,000  rays  falling  upon  the  earth's  at- 
yegetable  tribes ;  and  many  things  that  mosphere,  8123  arrive  at  a  given  point 
now  raise  the  delight,  or  administer  to  if  they  come  perpendicularly ;  7024,  if 
the  necessities  of  the  human  race,  would  the  angle  of  direction  is  50  degrees ; 
have  been  entirely  unknown.  It  might  2831,  if  it  is  7  degrees,  and  only  5,  if  thff 
at  first  be  imagined  that  the  climate  of  direction  is  horizontal 
any  particular  place  depended  solely  upon  2.  It  b  well  known  how  the  temperi^ 
the  action  of  the  sun ;  but,  upon  further  ture  of  a  place  is  influenced  by  the  eieva- 
consideration,  we  shall  find  that  there  are  tion  of  tne  land.  In  proceeding  from 
other  circumstances  to  be  taken'  into  ac-  the  equator  towards  eitner  of  the  poles, 
count :  were  it  not  so,  any  two  places  without  altering  our  height  above  the 
having  the  same  latitude,  and  conse-  level  of  the  sea,  we  must  travel  a  great 
quently  receiving  the  sun's  rays  at  the  distance  befbrewe  find  the  mean  annual 
same  angle,  would  enjoy  similar  dimates,  temperature  reduced  even  a  few  degrees ; 
which  is  by  no  means  the  case.  It  is  a  but,  by  increasing  our  devation,  a  rapid 
wise  ordination  of  Providence  that  the  change  of  temperature  wiU  be  expe^ 
sun*s  action  is  modified  in  such  various  rienoed,  till  we  arrive  at  thepoint  where 
wa3rs,  as  to  produce  a  more  equal  distri-  constant  frost  prevails.  The  extreme 
bution  of  heat  over  the  surface  of  the    cold  which  exists  in  the  upper  region  of 

S'3e  than  would  otherwise  have  existed ;  the  atmosphere  seems  to  be  owin^  to  the 
means  of  which,  large  regions  are  expansion  of  the  air  (see  chap.  vii.  of  the 
pted  to  the  residence  and. support  of  Treatise  on  Heai) ;  partly,  also,  to  the 
man,  that  would  else,  from  extreme  heat  circumstance  of  that  region  being  beyond 
or  cold,  have  been  quite  uninhabitable,      the  reach  of  the  heat  reflected  from  the 

There  are  eight  circumstances  which    surface  of  flie  earth.     The  decreaaes  of 
determine    physical    climate : — 1.   The    heat,  at  equal  ascents,  are  not  altogeUier 
power  of  the  sim's  inunediate  action,    uniform,  as  they  take  place  more  rspidly 
which  increases  in  proportion  as  we  u>-   in  the  higher  parts  <k  the  atmosphere. 
proach  the  equator ;  2.  elevation  of  the   The  annexed  table,  abridged  from  one 
ground  above  the  level  of  the  ocean ;  3.   drawn  up  by  Professor  Leslie,  shows 
position  with  respect  to  the  great  seas ;   that  even  under  the  equator,  where  the 
4.  quarter  towards  which  the  surfiEU$e  of  sun's  du^ct  influence  is  most  powerful, 
the  country  slopes;  5.  position  anddireo*   s^u  ascent  of  rattier  more  than  16,000 
tion  of  chains  of  mountains;  6.  nature  of  feet  (about  2|  miles)  above  the  level  of 
the  soil;  7.  degree  of  cultivation  andim-   the  sea,  will  bring  us  within  the  re^on 
provement  to  which   the  country  has   of  perpetual  frost     This  provision  of 
arrived  ;  8.  prevalent  winds.  nature  of  course  increases  considerably 

I.  The  amount  of  the  immediate  solar   the  number  of  habitable  countries  \7ithin 

heat  depends  upon  the  position  of  the   the  torrid  tone. 

sun  in  the  ecliptic,  because  to  all  nlaces      .  ,   „ ITT — rTTT^"'Zr 

/'nrKafai.o*  *\^^i^  ^iL  7^       /i      iMaKA:a        m  j^  Norway,  as  h»gb  a«  latitude  70  (l^itr««s,  ih« 

( whatever  their  distance  from  the  Equa-    tharmomeier  hu  been  !««>  to  na«  abore  so  «i^;««! 
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of  the  surface  over  which  it  passes.  A 
wind  coming  up  from  the  ocean  is  loaded 
with  vapours,  but  one  sweeping  over  an 
extent  of  land  is  rendered  dry  and  parch- 
ing. This  explains  to  us  why,  in  our  own 
island,  a  south-west  and  an  easterly  wind 
are  so  opposite  in  eharacter. 

4.  Tub  aspect  of  a  country  has  an  in 
iluenoe  upon  its  climate,  for  this  reason, 
thi^  the  angle  at  which  the  sun*s  ravs 
3.  The  effect  of  the  sea  is  to  equalise  strike  the  ground,  and  consequently  the 
temperature,  so  that  a  maritime  country  power  of  those  rays  in  heating  it,  varies 
is  not  liable  to  such  extremes,  either  of  ^th  the  exposure  of  the  soU  relatively 
heat  or  cold,  aa  an  inland  one.  The  sea  to  that  luminary.  When  the  sun  is 
itself  bein^  of  a  very  equable  tempera-  elevated  on  the  meridian  45  degrees  above 
ture,  Uie  winds  which  pass  over  an  ex-  the  horizon,  lus  rays  t^perpendieukurlY 
tent  of  it  partake  somewhat  of  the  same  on  the  side  of  a  hill  facing  the  south 
character.  When  a  cold  wind  passes  at  an  equal  anele,  while  the  plain  be- 
over  sea  it  receives  part  of  the  warmth  low  receives  them  at  an  angle  of  46 
of  the  water,  the  upper  particles  of  which  degreee.  Supposing  the  north  side  of 
being  thus  rendered  cooler,  and  conse-  the  hill  to  have  a  similar  slope,  the  rays 
qnently  heavier  than  those  below,  descend  would  nm  parallelio  its  surface;  and 
and  are  succeeded  by  warmer  particles ;  their  effect  be  very  trifling,  but  if  the 
so  that  there  is  a  con^tntMi/ tendency  in  the  declivity  were  still  greater,  the  whole 
seato  temper  a  cold  wind  passing  over  its  sur&ce  would  be  in  the  shade.  This, 
surface.  A  cold  wind,  blowing  overland,  though  an  extreme  case,  serves  to  show 
is  at  first  rendered  warmer  by  the  earth*s  why  temperature  varies  with  the  inclin»- 
sur&ce ;  but  this  surface  quickly  becom-  tion  of  tne  earth*s  siu-fiace.  Since  the 
ing  cooled,  ceases  to  have  any  effect  upon  warmest  part  of  the  day  is  not  when  the 
the  wind,  which,  therefore,  tevels  on  sun  is  on  the  meridian,  but,  owing  to  the 
with  undiminished  rigour.  Again,  a  accumulation  of  the  heat,  two  or  three 
toarm  wind,  in  passing  over  sea,  is  coded  hours  afterwards,  it  follows  that,  in  our 
by  the  agitation  which  it  produces  bring-  hemisphere,  a  south-south-west  or  south- 
ing up  cooler  water  from  below,  as  well  western  aspect  is  the  warmest,  and  a 
as  by  the  constant  evaporation  which  it  north-north-east,  or  north-eastern,  the 
occasions ;  the  surface  of  the  water  also  coldest,  if  no  local  circumstances  exist 
cannot,  as  that  of  land,  be  powerfully  to  make  it  otherwise.  The  effect  of  as- 
heated  by  the  sun*s  rays,  because  it  af-  pect  is,  of  course,  most,  strikingly  seen 
fords  them  a  free  passage,  and  therefore  in  reglbns  covered  with  high  mountains, 
it  cannot  oommumcate  heat  to  the  atmo»-  In  the  Vallais  in  Switzerland,  the  Alps  are 
phere  in  the  degree  which  the  land  does,  on  one  side  covered  with  ice,  whDe  vine- 
From  these  circumstances  it  results,  that,  yards  and  orchards  flourish  on  the  other, 
though  a  place  situated  inland,  and  ano-  5.  Mountains  affect  a.climate  in  more 
ther  upon  a  coast  may  have  the  same  ways  than  one.  They  attract  the  vapours 
mean  annual  temperature,  the  range  of  in  the  atmosphere,  and  causing  them  to 
the  thermometer  at  each  will  be  very  condense,  give  rise  to  those  violent  rains 
different,  the  summen  of  the  latter  vmL  which  are  often  experienced  in  the  neigh- 
be  cooler,  and  the  winters  milder  than  bourhood  of  lofty  ranges.  They  also 
those  of  the  former.  It  is  from  this  affoiti  shelter  from  winds.  In  narrow 
muse  that  islands  are  so  much  more  valleys,  the  sides  of  which  in  summer 
temperate  than  continents.  It  follows,  strongly  reflect  the  sun*s  rays,  tliis 
too,  that  coimtries  in  our  hemisphere  will  shelter  sometimes  renders  the  heat  very 
be  rendered  vnuroer  by  having  laige  injurious.  One  reason  why  the  central 
traots  of  land  to  the  soutnand  sea  to  the  and  southern  parts  of  European  Russia 
north,  and  cooler  when  the  relative  posi-  are  exposed  to  greater  cola  than  their 
tion  of  these  two  is  reversed.  This  fact  latitude  and  inclination  southward  woukl 
is  exemplified  by  a  comparison  of  the  lead  us  to  expect,  is  the  absence  oi  any 
olimate  of  India  with  tiiat  of  Africa  north  diain  of  mountains  to  protect  them  from 
of  the  equator,  the  heats  of  the  former  the  full  influence  of  the  winds  blowing 
country  b^ng  much  more  supportable  from  tfie  White  Sea  and  the  Ural  Moun- 
than  those  of  the  latter.  Not  only  the  tains.  Th^  inhospitable  ctimate  of  Si- 
temperature  of  a  wind,  but  also  its  de-  beria  arises  from  its  descent  towards 
gree  of  moisture,  depends  upon  the  nature    the  north  exposing  it  to  tlie  winds  of  th« 
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Frozen  Oceftn,  while  at  the  same  time  quantity  of  moistm^;  it  bdii^\^  known 

the  vast  mountainous  chains  that  cross  fjiat  there  is  a  great  evaporation  fnnn  the 

cenlml    Asia,    intercept  the   southern  leaves  of  vegetables,    xhe  sultry  atmo- 

winds,  whose  access  would  tend  to  miti-  sphere  and  £eadful  droughts  of  the  Cape 

gate  ^e  rigour  oi  the  atmosphere.  oe  Verde  islands  are  owing  to  the  destruo- 

6.  It  is  evident  timt  the  nature  of  the  tion  of  the  foi^sts ;  and  Greece,  Italy,  and 
soil  must  very  materially  operate  upon  other  countries  are  said  to  have  been 
dimate.  One  soil  acqun^s  heat,  keeps  deteriorated  in  climate  fixnn  the  same 
its  acquired  heat  much  longer,  or  reflects  cause.  It  is  attributed  to  this  also  that 
it  more  readily,  than  another.  One,  the  southern  part  of  Icdand  is  more 
which  from  its  porous  character  allows  accessible  than  formeriy  to  the  cold  which 
the   rain    descending  uf)on  it  to  pass  proceeds  from  the  Arctic  Ocean. 

freely  into  the  earth,  will  emit  much  8.  The  combined  influence  of  the  se- 

fewer  exhalations  than  one  which  retains  veral  causes  of  physical  climate  which 

the  waters  near  the  surface.       Thus  we  have  been  considering  will  be  variously 

clayey  or  marshy  grounds  lower   the  modified  by  the  prevalent  tnmU  d  a 

temperature,  and  especially  in  hot  and  country.     This  is  obvious  enough,  be- 

humid  climates,  affect  the  atmosphere  in  cause  we  know  that  the  character  of  a 

a  manner  pernicious  to  health;   on  the  wind  depends  upon  the  quarter  whence 

other  hand,  those  which  are  %ht,  stony,  it  comes,  and  the  surfiaice  over  which  it 

or  calcareous,  tend  to  make  the  atmos-  passes.      Great  Britain,  for  example, 

phere  salubrious.     The  great  cold,  and  would  in  a  great  measure  lose  its  insular 

the  unwholesome  air  that  prevail  in  the  climate,    if  its  prevuling  winds  came 

Russian  governments  of  Astracan  and  across  the  continent,  instead  of  from  the 

Orenburg,    lying  to  the  north  of  the  Atlantic  Ocean. 

Caspian  Sea,  are  attributed  partly  to  the  Notwithstanding  the  several  circum- 

saline  nature  of  the  soil ;  and  it  is  well  stances  which  we  nave  thus  pointed  out 

known  that  the  arid  tracts  of  sand  in  as  influencing  climate,    and  which  oc- 

Africa  and  Arabia,  conduce  not  a  little  to  casion  numerous  local  irregularities,  the 

the  excess  of  heat  under  which  those  coun-  temperature,  with  these  exceptions,  be- 

tries  labour.  comes  gradually  lower  as  we  pass  from 

7.  Without  cultivation,  few  climates  the  ecjuator  towards  either  (rf  the  poles, 
would  be  healthy  or  agreeable.  In  coun-  By  this  is  not  to  be  understood  the  tem- 
tries  to  which  the  liu)ours  of  civilized  perature  of  any  particular  day,  or  even 
man  have  never  been  extended,  the  ri-  season,  but  the  mean  annual  tempera- 
vers,  spreading  themselves  over  the  low  ture,  which  is  obtained  by  adding  toge- 
munds,  form  pestilential  marshes,  and  therthe  temperatures  of  all  the  months*, 

forests,  thickets,  and  weeds  are  so  nu- 

merous  and  impenetrable,  as  to  prevent  ^'J^  'Z^tl^J^^::^  STX 

the  earth    from  receiving   the  l)enencial  dsily  temperatare  is  tbe  ftvermi^  of  Mrenl  obMnrs- 

influence  of  the  sun's  rays.     The  air,  ^^"'"■^••^•^J^'^fjf^JJJSy^il^^ 

from  these  causes,  is  constantly  filled  rach"freqnInrob««S»tioni  wSod  b«*T«Ty  tzooib]*- 

with     noxious    exhalations.         But    the  some,  sfad  shorter  methods  of  diseoTeriag'  tho  meu 

AfForts  of  the  hiima.n  rsi/>P  onndiir»tpd  vo{\\\  ftnniuil  teinperatcre  of  a  plaea  hare  th«refara  b«eB 

enons  oi  me  numan  race,  conauciea  wiin  ^^  ^^^^^  ^^^  have  bean  laid  down  for  <»icn, 

•  ^      Terent  parallels  of  latSbde, 

Kppioaeh  very  aaar  to  the 


liybe  inoorreet  to  applr 

.,         ,        ,     .                   -.    .     ^,               '      '  •..^-«.-.».  «y  any  particular  place,  becattie  we  should 

the  plough  IS  exposed  to  the    sun    and  be  uncertain  how  the  climate  of  that   place  wss 

wind,  and  the  clearing  away  of  the  forests  ?*'«°^d  ^'^}'^.'^TTl^^i«  Itl  !?•  r^SSJ 

..^«        i,u    1                A   ^         /   „              ^  18  to  ascertain  at  what  penod  in  each  oar  (.takisf 

raises  the  temperature,  and  allows  a  freer  one  day  with  another)  the  thermometer  stands  at  its 

circulation  to  the  atmosphere.     There  is  »•*«»  n«*ff^t  fo'  *«  ^J}  •"*  j^»>«>  «*"•  *«■  *«« 

little  doubt  that  many  parts  of  Europe  SiiiSSicr'rircS:J4''5-"Jo!Iid  5^ 

enjoy  a  milder  climate  now  than  they  did  that  the  time  at  which  the  thermometer  shown  the 

in  the  time  of  the  Romans,  or  even  at  »•"  he*t/or  the  day.  is  »J«t  *  q-Jg'  JJ  ^ 

•   J             .                         i       «     ^TY*""*  past  eirht  m  the  mominjr.    Aaother  method  of  di»- 

penods  much  more  recent.      Several  dlS-  oovenng  the  mean  annual  temperature  at  aajr  pUoa. 

tricts  in  North  America  have  experienced,  »■  to  observe  the  height  of  the  thermometer  in  «^ 

« the  country  has  become  more  vridely  ^.a'rthWigw'I.^ir'^S^t^SSr^ 

settled,  a  similar  improvement  of  climate,  mean  annual  height  in  the  air  above.    M.  Lacrotx,  is 

The  destruction  of  forests  may,   how-  ^'« '^^^Sir  ^»iy«'Si2«51S*'tt 

A.rA«.    u«-.       'ji.                    ••"'_xi  caves  below  the  Observatory  at  fans,    v»ai.«»-j 

ever,  be  earned  to  a  pernicious  extent,  about  85  feet  below  the  surface,   Fahrenheies  ther. 

either  by  depriving  a  country  of  shelter  mometer  constantly  stands  between  52°  a»d  w% 

ftom  particular  winds,  or  (especially  in  ^'^J'Vt^v^'S^.t'^^t^'^^ 

hot  chmates)  by  lessemng  too  much  the  winter  somelimet  exceeds  90<>.    la  the  saU  BsuM  •< 
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And  dividing  the  sum  by  the  number  of  exposed  to  the  outer  air,  and  also  where 
months  in  the  year ;  so  that  the  mean  there  are  no  surfieuses  immediately  near 
annual  temperature  expresses  that  height  to  r^ect  the  sun*s  rays.  The  most  ex- 
at  which  the  thermometer  would  stuid  treme  cold  experienced  is  in  the  northern 
at  any  place,  if  we  could  suppose  it  per-  parts  of  Asia  and  America.  In  Siberia, 
fectly  stationary  throughout  the  whole  as  £ur  south  as  the  58th  degree  of  latl- 
year.  It  is  not  sufl^ent,  however,  to  take  tude,  M.  Pallas  observed  the  freezixig  of 
onevear  only,  but  a  series  of  at  least  ten  mercury*.  The  same  phenomenon  is  by 
or  fifteen  years,  from  the  mean  result  of  no  means  unusual  at  Quebec.  At  Huo- 
which  series  a  conclusion  nearly  accurate  son*s  Bay  the  spirit  thermometer  has 
may  be  drawn.  Though  the  temperature  sunk  to  —  50^,  and  at  Melville  island, 
of  a  place  is  continually  varying,  and  (N.lat  74 i°,)  where  Captain  Pany  win- 
though  the  changes  occur  frequently  in  tered  in  his  first  north-western  expedi- 
the  most  sudden  manner,  it  never  diners  tion,  it  fell,  on  the  15th  February,  1820 
more  than  a  certain  number  of  d^reea  to  55  degrees  below  zero, 
either  way  from  its  mean  state ;  and  when  A  treatise  upon  isothermal  t  line9t 
it  has  reached  either  extreme,  a  reaction  published  some  years  ago  by  M.  Hum- 
may  shortly  be  expected.  In  the  torrid  bcldt,  gives  several  curious  results 
zone  any  excessive  accmnulation  of  heat  drawn  from  various  observations  upon 
is  prevented  by  the  constant  blowing  of  temperature  made  by  himself  and  others, 
the  trade-winds  from  cooler  regions ;  and  A  few  of  these  it  will  be  proper  to  notice 
in  the  frigid  zones  the  tendency  to  great  here,  because  they  illustrate,  in  a  strik- 
extremes  which  arises  from  the  contmued  ing  maimer,  the  fact  upon  which  we  have 
presence  of  the  sun  in  summer,  and  his  already  remarked,  that  the  climates  of 
long  absence  in  winter,  is  counteracted  by  places  do  not  depend  solely  upon  the 
the  circulation  of  the  a^osphere,  and  by  direct  action  of  the  sun.  If  it  were  so, 
the  circumstimce  that  the  fields  of  ice,  in  all  places  having  the  same  latitude 
melting,  absorb  lai^  Quantities  of  heat,  would  experience  the  same  mean  annual 
while  on  the  other  hana  warmth  is  eiven  temperature.  It  had  long  been  known 
out  when  the  surface  of  the  ocean  is  that  this  was  not  the  case,  especially  on 
being  frozen  over.— (See  chap.  ix.  of  the  ooniparing  Europe  with  America ;  but 
TrealUe  on  Heat.)  M.  Humboldfs  statements  will  enable 
The  extremes  of  temperature  which  us  to  form  some  idea  of  the  amount  of 
have  been  witnessed  in  different  parts  of  the  difference.  According  to  that  phi- 
the  globe  are,  nevertheless,  very  consi-  losopher,  the  isothermal  line  which  indi- 
derable.  In  New  South  Wales,  Fahren-  cates  the  temperature  of  32  degrees  (the 
heits  thermometer  sometimes  rises  to  freezing  pdnt  of  water)  passes  between 
100  decrees  and  upwards;  atPekin,  in  Ulea,  m  Lapland  (lat.  66^)  and  Table 
China,  it  has  been  seen  at  1 10^  and  at  Bay,  on  the  coast  of  Labrador,  in  North 
different  places  in  India  at  1 1 0^,  and  even  America,  lat.  54^.  The  isothermal  line 
115^.  Major  Denham,  in  his  late  travels  of  41  degrees  passes  near  Stockholm, 
in  Africa,  observed  it  more  than  once  at  lat  59i®,  and  St.  Grcorge's  Bay,  New- 
1 13^ ;  and  at  Belbeis,  in  Egypt,  it  is  said  foundland,  lat  48®.  The  line  of  50  de- 
to  have  risen,  under  the  influence  of  the  grees  runs  through  the  Netherlands,  lat 
hot  wind  from  the  desert  to  125®.*  51®,  and  near  Boston,  in  the  United 
These  heights  are  intended  to  express  the  States,  lat  42|®;  that  of  59  between 
degree  of  heat  in  the  fAodSff.  The  accuracy  Rome  and  Florence,  lat  43®,  and  near 
of  the  observations  depends  upon  the  Raleigh,  in  North  Carolina,  lat.  36®. 
circumstances  under  wliich  they  were  Taking  similar  latitudes,  the  following 
made,  since  it  is  requisite  that  the  ther-  are  the  differences  of  temperature  be- 
mometer  should  be  in  a  situation  fredy  tween  the  west  of  Europe  and  the  east  of 

]WiriiekM,  ia  Polud  (l»t  60^),  from  th*  d«pth  of  „^„  t.m«rm'(i^  M«>ii  tmiumw»mm 

330  to  (bat  of  ^4S  feet,  tbe  thexinoineter  steadi  at  la Om  W«c of         in  Um  Eatt«f 

aboat50<'.     At  Cairo,  ia  Kffrpt,  (Ut  80^,  at  the  Lalitate.        Bonp*. 

bottom  of  JoMth'i  weU  (Siafeetdaep),  it  itaade  at  o                o 

70°  ;  ia  the  mmee  of  Mexico  (Ut.  80°\  IttO  fcvt  30       .      70.1 

heIewtherarfaoe»it8taBdeat74|^  la  theee  height!  40       .63.1 

we  diaoera  how  Ae  temperatare  iaciaant  oa  ap>  60       .      603 

pKoaehiaf  the  eoaator.  60             40 
"  e  taeneomc 


o 
663      . 

o 
3.3 

54.6      . 

8.6 

37.9      . 

19.9 

84 

16 

*  Whea  the  taeneometer  is  railed  to  each  aa  eX' 


traoidiaary  height  as  this,  it  is  piobablj  the  effect  *  This  takes  plaee  whea  the  merearj  has  sttak  to 

jirodtteed  bj  Tcry  fiae  partiolce  «  saad  which  are  39  or  40  degrees  bebw  sero. 

earned  aloag  bj  the  atmosphere.    Humboldt,  ia  the  t  This  is  derived  from  two  Greek  word^  and  sig- 

arid  plaias  of  South  America,  has,  dnrtag  a  wind  of  nities  equal  hetU  or  temperatwe,     Aa  isothermal 

lawlfSeeB  it  at  1144  degrees  aearljr;  while  ia  Fes*  llae.  therefore,  is  alias  drawn  oTcr  places  which 

MJi,  ia  the  North  of  Africa,  it  has  risen,  doabtless  have  the  s<iaie  ttmpcntwn  (oaawi/,  qaless  otheVwriM 

from  the  cavse  just  aoticed,  to  1S5.6  degrees.  eaoressed.) 
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Prom  the  annexed  table,  there  appears  eastern.     Th^  same  difference  which 

to  be  nearly  as  much  difference  between  has  been  observed  bet>fveen    the    two 

the  mean  temperatures  of  the  eastern  shores  of  the  Atlantic,  exists  between  the 

and  western  parts  of  the  old  continent  as  two  opposite  coasts  of  the  Pa4Biiic.     In 

between  those  of  the  opposite  shores  of  the  north  of  Chiha,  the  extremes  of  the 

Europe  and  America :-  ^  seasons  a^  much  more  fdt  tiian  in  the 

.       r.^^A       JlTHL  same  lahtudes  m  New  Cahfomia,  and 

T^.         i^iud..      Lo-fitud..     t«jpj*  ^^  ^^  ^^^^  ^  ^^  Columbft.      On 

St.Maloes     .   48°39'm.     l*»6rw.     54.v>  ^^^  eastern  side    of   North  Amerioa, 

Amsterdam    .   62  22         4  40  E.     634  ^^^  ^^^  extremes  occur  as  in  China. 

S^p^aTa'T  :  II  t\  \l  II  ^  New  York  has  the  summer  of  W 
Naples  ,  .  .  40  RO  14  10  63.5  and  the  Winter  of  Copenhagen.  Quebec 
Vienna'  .  .  48  11  1<>  22  GO.S  has  the  summer  Of  Puia  and  the  winter 
Warsaw  .  .  52  14  21  10  48.6  (,f  Petersburgh.  In  the  same  man- 
Moscow  .  .65  45  37  31  40.1  «.r,  at  Pekin.  which  has  the  mean  tefti- 
S(cmnlN9t4'  m2l  mJ  prattu^  Of  Britain,  the  heat  Of  jummer 
M.  Humboldt,  after  tracing  the  iso^  »  Bl^fter  than  at  Ciuro  wjd  fte  ceJd 
thennaJ  Unes  ac^ss  America,  concludes  **  T*^'JfJ^*«  "  «*.  JJj*^  ™« 
that,  in  California  and  thence  northward  an?logy  °«*T*«» .  ♦'«  «»'«™  .«»«*»  <* 
aloiir  the  western  side  of  that  continent,  Asia  and  Amwiea  J"ffi«enUy  pnv^ 
the  temperature  is  nearly  the  same  as  in  t^at  the  inequahty  of  the  setsOM  de^ 

aimilar  latitudes  on  the  western  side  of  V^^^  "P""  ™  P«I?°^^^  "^  Si 

Europe.    "  Europe,"  he  then  observes.  la«^inent  of  the  contaients  towaids  ttie 

"  maVbe  consid^d  altogether  as  the  pole,  and  upon  the  frnp^ncy  rf-the 

western  part  of  a  great  continent,  and,  north-west  winds,  and  nrt  upon  the 

thereforeras  beini?  subject  to  aU  the  in-  P«nuini^   of  mv   eler^  ^?*^,f 

fluenoe  which  causes  the  western  sides  country.'  The  Ibllowing  t^le  illustrates 

of  aU  continents  to  be  warmer  than  the  *"«  preceding  lemaifks  :^ 


Latimda,     annual  . »  ■  ■     ■        a  „-   ■  ,  ,— i— *       ^     bmtk* 

Places.  NcMh.    tompeiatim.  Winter.       Spitaf.     Bonnaer.    Antaifla.   C«M«IM.  IbMcrt  M.  ihaN  ■ 

Philadelphia  39.56  54.86  33.98  5^.06  75.20  56.32  32.70  //.OO  34.30 

Pekin         .  39.54  54.86  26.42  56.30  82.58  54.32  24.62  84.38  59.76 

Nantes    .    .47.13  54.68  40.28  54.50  68.72  55.58  39.02  70.54  31.50 

Rome        .  41.53  60.44  45.86  67.74  75.20  62.78  42.08  77.00  34. 9i 

Paris  .         .  48.50  51.44  37.92  49.64  64.40  51.26  35.96  67.46  31.50 

Quebec     .  46.47  41.72  14.18  38.84  68.00  46.04  1^.74  73.40  60.66 

Upsala  .     .  59.5.  41.9  24.98  39.38  60.20  42.80  24.26  61.88  37.62 

The  fact  that  places  which  have  the  certain  distance  from  the  eouator,  the 

same    annual  temperature  experience  temperature  of  the  southern  is  lo^r  than 

very  different  seasons,  is  clearly  exhi-  that  of  the  northern  hemisphete.      In 

bited  in  this  comparison.    From  Hum-  speaking  of  the  temperature  of  the  ocean, 

boldts  inquiries,  it  appears  that  the  lines  we  have  alieady  observed  that  ice  i& 

lYliich  mark  the  winter  temperatiue  de-  fallen  in  with  much  sooner  In  sailing 

viate  much  more  from  the  parallels  of  towards  the  south,  than  it  is  in  ^proach- 

latitude  than  those  which  express  the  ing  the  north  pole.      Humbolat  says, 

mean  annual  temperature.    In  Europe  that  near  tiie  equator,  and  indeed  thtxnigh 

the  latitudes  of  two  places  which  have  the  whole  of  the  torrid  rone,  the  tem- 

the  same  annual  heat,  never  differ  more  perature  of  the  two  hemispheres  appears 

than  8°  or  9° :  but  the  difference  Of  lati-  to  be  the  same ;  but  that  ttie  difl»rence 

tude  in  those  having  the  same  winter  begins  to  be  felt  in  the  Atlantic  about  22^ 

temperatiue  is  sometimes  no  less  than  of  uttitude ;    the  mean  tempefatureB   of 

18°  or  19^.    The  winter  of  Scotland  is  Rio  Janeiro  and  Havannah,   places  at 

as  mild  as  that  of  Milan.     With  respect  about  an  equal  distance  from  the  equator 

to  summer,  the  same  heat  takes  place  at  (23  degrees)  bnng  in  the  latter  instaneft 

Moscow  .'and  at  thae  mouth  of  the  IxMre,  76°.4,  and  in  the  former  only  74^^. — 

though  the  former  is  nearl^r  9  degrees  The  southern  climates  generally  difRer 

north  of  the  latter.    Ireland  is  remark-  from  the  northern  with  respect  to  the 

able  for  mild  winters  and  cold  summers.;  distribution  of  temperature  through  the 

the  mean  temperature  in  Hungary  for  di^rent  parts  of  the  year.    Inthesofuth- 

the  month  of  Aufi^ust  is  71*^.6,  while  in  em  hemisphere,   under  the  bothermal 

Dublin  it  is  no  more  than  60^.8.  lines  of  45°  and  50°,  there  are  aummers 

It  is  generally  l)elieved  that,  beyond  a  which,  in  our  hemisphere,  belong  to  the 
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lines  S5|^  and  41^  There  is  no  accu-  absorption  of  heat  by  the  melting  of  the 
rate  information  as  to  the  mean  tempera-  ice,  as  it  gradually  advances  into  warmer 
ture  of  any  place  beyond  50^  of  south  parts,  keq)s  the  air  at  a  lower  tempera- 
latitude;  but  there  is  every  reason  to  ture  than  in  the  northern  hemisphere^ 
suppose  that  it  di^rs  considerably  from  where  circumstances  are  not  fieivourable 
that  of  places  in  the  same  degree  of  north  to  the  passage  of  the  polar  ice  out  of  the 
latitude.  regions  in  which  it  is  formed.  Beyond 
The  same  writer,  in  the  second  volume  the  limit,  however,  at  which  the  ice  dis- 
of  his  Personal  Narrative,  presents  the  appears,  but  little  effect  will  be  produced 
fbUowinjg  comparison  of  the  tempmture  xm  the  temperature  by  its  meltmg,  and 
of  the  air  in  both  hemispheres.  The  ob^  we  accordingly  find  tnat  within  the  tor- 
servations  employed  in  drawing  it  up  rid  zone,  the  warmth  of  one  hemisphere 
were  all  made  at  sea,  except  those  from  is  the  same  as  that  of  the  o^er,  ana  that 
which  the  mean  temperature  for  S.  lat  as  fkr  as  the  d5th,  or  even  40th  degrees  of 
34  «  was  deduced,  whicn  vrere  made  at  the  latitude,  there  is  no  important  difterence. 

Gape  of  Good  Hope.               The  question  has  sometimes  been  agi- 

^SS^VSSSr  ***^  whether  the  general  temperature 

^^^^    -■■>  of  the  globe  suffers  any  change.      Some 

uitada  GenMfQttOBffiiauiM.          ifemta.  «[**'  have  gone  so  far  as  to  imagine  that  it 

00— 15<»    December  1  o„„^„  SS!!^  gradually  diminishes,  others  have  been 

June          J  *»"™"*'^  ,    ,     83.3  o'  opimon  that  it  receives  an  aiupnenta 

18     October     1  Autumn           '^'^  ^^"'    Neither  of  these  theories  has  veiy 

April         J                81.5  solid  foundation;    it  is   scarcely  more 

S— S6     January     I  winter    Xol   ^•^'*  *^^  ^  century  since  the  thermometer 

September  1                .    .    68.9  ^^*®  rendered  a  correct  measure  of  heat, 

"      yitsch       J  ^**^""'  69.44r  "^  *^  number  of  observations  made 

34     December  \  wr-t^-    .    .    59.72  with  it  in  different  parts  of  the  worid  is 

June         I              66.84  by  no  means  sufficient  to  form  a  l)asis  for 

„      Febniuy  1  ■^inter    ig  A.  ^^  such  sweeping  conclusions.    If  we  pos- 

4S     Julv**^       1               ^^  64  76  *^^^  *  regular  series  of  observations 

January     /  ^"™™**' 59.36  taken  in  various  countries,  and  extending 

48     Jane          \ Cu^mer  •    •    ^^^  through  three   or  four    centuries,    we 

December  /.^m™"«  44  g  should  most  likely  be  enabled  to  discover 

68     July        •  Vsu'mmer  /,  ,i  ^^  *  mean  state  both  of  temperature  and 

January  •  /•  •  •  ^a^ifi  moisture  to  which  the  atmosphere  con- 
The  coldness  of'  t(e  .'sojitAerB  hemi-  tinually  returns ;  and  there  is  no  doubt 
sphere  has  frequently  .been  attributed  thatif  vre  could  obtain  a  dear  insight' 
to  a  circomstanoe  quite  inadequate  to  ex-  into  the  complex  machinery  which  re- 
plain  it»  namely,  that  of  the  sun  being  a  gulates  the  seasons,  vre  should  behold 
shorter  time  (by  7t|dlavd),' on  the  south,  the  same  beautiful  harmony,  and  the 
than  on  the  north  side  of  the  equator,  same  system  of  compensation  for  tem- 
A  much  greater  influence  than  we  can  poraryand  apparent  irregularities,  which 
assign  to  (his  cause,  must  be  ascribed  to  we  are  able  to  discern  in  the  move* 
the  veiy  targe  proportion  whidi  the  ocean  ments  of  the  heavenly  bodies.  Indepen- 
bears  to  the  land  of  the  southern  hemi-  dent,  however,  of  any  question  as  to  the 
sphere,  in  consequence  of  which  its  di-  ^neral  temperature  of  the  globe,  a  no-, 
mate  differs  from  that  of  the  notihem,  in  tion  has  been  entertained  that  throughout 
the  same  way  as  an  insular  dimate  Europe,  a  more  mild  and  genial  cmnate 
difltert  fSfom  a  continental  one.  But  formerly  prevailed:  but  such  historical 
even  this  is  not  altogether  a  sufBdent  evidence  as  can  be  collected  tends  to 
ez|danation,  and  there  still  remains  a  prove  exactly  the  reverse ;  and  that  the' 
drcumstanoe  that  deserves  attention,  dimate,  as  mi^ht  be  supposed,  has*' 
tiie  absence  from  the  south  polar  r^ons  generally  speaking,  improved  with  the 
of  any  ^reat  extent  of  land,  and  the  advance  of  cultivation.  A  discussion  of 
manner '  m  which  the  South  American  this  subject  will  be  found  in  the  first  arti-. 
continent  terminates,  permit  the  grand  de  of  the  Edinburgh  Review,  No.  LIX.. 
current  of  the  antarctic  ocean  to  flow  published  in  June,  1818.  That  artide 
flfeely  all  round  that  part  of  the  globe,  contains  a  list  of  the  remarkable  seasons 
towards  the  equator.  This  current,  which  have  taken  place  in  Europe  for 
being  unchecked  till  it  is  lost  in  the  several  centuries  past,  and  from  the  view 
westeriy  movement  of  the  ocean,  carries  there  given  we  may  venture  to  condude,- 
along  with  it  the  circumnolar  ice  into  that  severe  ookl  is  of  much  rarer  occur- 
veiy  low  latitudes ;   and  the  cominnsi  rence  than  it  was  in  former  ages. 
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Having  thus  noticed  the  subject  of  inch  is  said  to  have  fellen,  it  implies  that 

temperature,  it  will  be  proper  to  advert  tlie  rain  which  has  desceuded   on  any 

to  the  amount  of  moisture  which  the  at-  given  surface  would  have  acqiur^  that 

mosphere  contains  in  different  parts  of  depth,  supposing  none  of  it  to  have  been 

the  elobe.    In  the  course  of  this  inquiiy  absorbed  by  the  ground,  and  that  it  ze- 

we  shall  not  make  use  ofthe  results  given  ceived  no  addition  by  means  of  water 

by  the  hygrometer*,  because  that  instru-  flowing  from  the  parts  adjacent  to  that 

ment  is  neither  so  well  known,   nor  surface.    The  avera^  yearly  quantity  of 

brought  to  such  a  correct  standard  as  the  rain  is  greatest  withm  the  tropics ;  and 

thermometer,  but  merely  give  the  quan-  it  seems,  in  general,  to  diminisn,  the  iar- 

tity  of  evaporation,  and  the  depth  of  rain  ther  we  recede  from  the  equator.    In  the 

that  has  been  observed  to  fall  at  several  torrid  zone  it  amounts,  at  a  medium,  to 

places  upon  tiieearth*ssurfece.  100  or  110  inches,  while  in  the  north 

Other  things  being  equal,  evaporation  temperate  zone  it  cannot  be  slated   at 

is  th£  more  abundant,  the  greater  the  more  than  30  or  35  inches.   These  quan- 

warmth  of  the  air  a5(n;e  that  ofthe  eva-.  tities    are   very   difierently  distnbutGd 

porating  body,  and  least  of  all  when  their  throughout  the  year  in  tlie  two  zones  : 

temperature  is  the  same.    Neither  does  the  number  of  rainy  days  towards  the 

mudi  take  place  whenever  the  atmos-  equator  is,  in  the  majority  of  places,  less 

phere    is    more  than    fifteen    de^^rees  than  in  the  higher  latitudes,  and  the  rain 

colder  than  the  surface  upon  which  it  consequently  descends  there  in  the  most 

acts.     Winds  powerfiiU^r  promote  eva-  violent  torrents :  at  Bombay,  16  inches 

poration,  because  they  bring  the  air  into  have  been  collected  in  a  gauge  in  the  space 

continual,  as  well  as  into  closer  and  of  twenty-four  hours.    In  general,  much 

more  violent  contact  with  the  surface  more  ram  falls  in  mountainous  countries 

acted  upon,  and  also,in  the  case  of  liquids,  than  in  plains,  and  in  countries  covered 

increase,  by  the  agitation  which  they  with  extensive  forests  than  in  those  where 

occasion,  the  number  of  points  of  contact  wood  is  less  abundant    Annexed,  is  a 

between  the  atmosphere  and  the  liquid,  table  of  the  annual  quantities  which  have 

It  must  be  fieimiliar  to  every  person  that  been  observed  at  several  places, 
the  same  quantity  of  water  spread  over  a  fimw.  unmoa.   ^y" 

larger  space,  is  dried  up  in  a  less  period.       Wand  of  St.  Domingo    19°  N.    120  in. 

In  the  temperate  zone,  with  a  mean       Ditto  Grenada  ...    13  112 

temperature  of  52|  degrees,  the  annual       Calcutta 22i        70  to  75 

evaporation  has  been  found  to  be  between       5^!?* ^         ^^ 

36  and  37  inches.    At  Cumana,  on  the       f*!?3^« t?.        ^     „^ 

co«tof  South  America  (N  lat  lOp.       Jj"^'   '.   :   ;   -.  ^^       ««"« 
With  a  mean  temperature  of  81.86  de-       Kendal, Westmordand   54i       60 
grees,  it  was  ascertained  to  be  more  than       St.  Petersburgh     .    .    60        16 

100 inches  in  the  course (tf  the  year;  at       Upsal 60        16 

Ouadaloupe,  in  the  West  Indies,  it  has       The  average  annual  fall  of  rain  at 

been  observed  to  amount  to  97  inches.  Bombay  in  the  ten  years  1817  to  1826, 

The  degree  of  evaporation  very  much  was  78:1  inches ;  of  those  years  the  most 

depends  upon  the  difference  (greater  or  rainy  was  in  1822,  in  the  course  of  which 

less)   between  the  quantity  of   vapour  nearly  113  inches  fell:  whereas  in  1824, 

which  the  surrounding  air  ls  able  to  con-  a  season  of  extreme  drou^t  and  fJEimine, 

tain  when  saturated,  and  the  quantity  the  supply  did  not  much  exceed  34  inches, 

which  it  actually  contains.     M.  Hum-  At  Arracan,  in  1825,  nearly  60  inches 

boldt,   from  observations  made  in  the  were  registered  in  the  month  of  July,  and 

passage  across  the  Atlantic,  found  that  above  43  in  August ;  from  which  we  may 

m  the  torrid  zone  the  quanti^  of  vapour  conclude,  that  the  whole  quantity  within 

contained  in  the  air,  is  much  nearer  to  the  year  was  at  least  150  inches.     It 

the  point  of  saturation  than  in  the  tem-  would  seem,  however,  that  at  some  places 

peratezone.  .  The  evaporation  within  the  within  the  tropics  the  fiedl  is  mudi  more 

tropics  is,  on  this   account,  less  thsA  copious  even  than  this.    Humbddt,  on 

might  have  been  supposed  from  the  in-  the  authority  of  others,  mentions  two 

urease  of  the  temperatme.  instances  of  sucdi  excessive  rain  as  al- 

The  quantity  of  rain  falling  upon  the  most  to  induce  a  suspicion  of  the  correct^ 

earth  at  any  place  is  determined  by  ob-  ness  of  the  observations.    He  informs  us 

•erni^  the  height  of  the  water  collected  that  a  M.  Pereira  Lago,  by  means  of  a 

jn  a  pluviometer  or  rain-gauge.  When  an  pluviometer,  found  tlS  quantity  of  rain, 

•  DeriTed  froa  tiit  GrtSriiir«i«i«"iiwi«ri  *^  ^  y^^  1821,  at  San  Luis  do  Maran- 

ftfmoittwr^  »  hao,  in  Brazil  ^3.  lat  2i),  to  be  280} 
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inches;  and  also,  that  Captain  Roussin  sphere  occur,  from  one  jear  to  anoth^« 
relates  the  feet  of  more  than  160  inches  with  a  r^^ar  and  uniform  succession 
haying  fallen  at  Cayenne  in  the  single  unknown  in  this  part  of  the  world.  Two 
month  of  February. — {See  vol.  vi.  of  the  seasons,  the  dry  and  the  rainy,  divide 
Translaiion  of  Humboldt  9  Personal  the  year.  The  latter  depends  upon  the 
NarraHve,  Note  to  p.  276.) — At  the  presence  of  the  sun ;  countries  north  of 
same  time,  these  accounts  appear  less  the  line  have  their  wet  season  when  Uiat 
surprising  when  we  reflect,  that  over  luminary  is  in  the  northern  half  of  the 
some  of  the  immense  forests  of  Guyana  ecliptic,  that  is,  from  April  to  October ; 
there  is  wet  weather  almost  the  whole  while  with  southern  countries  it  is  exactly 
year,  and  that  incessant  rains  of  four  or  the  reverse.  We  cannot  fail  to  be  struck 
five  months  are  no  uncommon  occurrence,  with  this  admirable  arrangement  for*  a^ 
It  must  not,  however,  be  imagined  that  fording  shelter  from  the  perpendicular 
the  climate  of  all  hot  countries  is  charao-  rays  of  the  sun,  the  unrestrained  in- 
tensed  by  such  abundant  rains ;  for  there  fluence  of  which  would  be  ^uite  insup- 
are  many  which,  from  one  year  to  anotlier,  portable.  Humboldt  has  given  us  an 
are  either  almost  or  entirely  destitute  of  account  of  the  atmospheric  appearances 
rain.  This  is  the  case  along  an  extent  of  which  succeed  each  other  in  that  part  of 
several  hundred  miles  of  the  coast  of  South  America  lying  between  4°  and  10^ 
Peru,  in  Eeypt  and  many  other  parts  of  of  north  latitude,  and  to  the  east  of  that 
Africa,  ana  also  in  the  desert  tracts  of  branch  of  the  Andes  which  terminates  on 
Arabia.  At  Cumana,  on  the  North  the  Atlantic  side  of  the  lake  of  Marar 
coast  of  South  America,  the  annual  caybo.  Nothing  can  surpass  tiie  dear- 
quantity  of  rain  is  scarcely  8  inches ;  ness  of  the  atmosphere  from  the  month 
and  there  are  other  places  on  the  shores  of  December  to  that  of  January.  The 
of  that  continent  wnere  none  &Us  for  sky  is  then  constantly  without  clouds; 
several  years,  but  where,  nevertheless,  and  if  one  should  appear,  it  is  sufficient 
vegetation  is  exceedingly  strong,  owing  to  excite  the  whole  attention  of  the  inhsr 
to  the  humidity  of  the  atmosphere.  bitants.    The  breeze  from  the  east  and 

It  is  well  known  that  the  air  becomes    the  east-north-east  blows  with  violence, 
drier  and  less  loaded  ¥dth  vapours,  the    The    immense    plains  (called  JUanof), 
hi^ner  we  ascend.    On  looking  from  the    which   in   the   rainy  season  display  a 
top  of  the  Andes  towards  the  Pacific    beautiful  verdure,  gradually  assume  the 
Ocean,  a  haziness  is  often  seen,  spread    aspect  of  a  desert ;  the  grass  is  reduced 
uniformly  over  the  surface  of  the  waters    to  powder,  the  earth  cracks ;    and  the 
to  the  lieight  of   9500  or  11,500  feet;     alligator  and  the  large  serpents  remain 
and  this,  too,  in  a  season  when  the  at-    buned  in  the  dried  mud  till  the  flrst 
mosphere,  l^eheld  from  the  coast  and  at    showers  of  the  year  awaken  them  from 
sea,  appears  quite  pure  and  transparent,    their  lethaigy.    About  the  end  of  Febru- 
This  decrease  of  vapour  in  the  upper    ary,  and  the  beginning  of  March,  the 
re^ons  of   the  atmosphere,    combined    blue  of  the  sky  becomes  less  intense,  the 
with  the  rarefaction  of  the  air,  is  the    hynometer  indicates  greater  humidity, 
cause  of  the  beautiful  deep  tint  which    and  the  stars,  veiled  at  times  by  a  slight 
the  sk^  assumes  when  viewed  from  the    vapour,  lose  the  steady  and  planetaiy 
summits    of   lofty   mountains.     Small    lignt  which  before  distinguished  them, 
white  fleecy  clouds  are  sometimes,  how-    ^Hie  breeze  at  this  period  becomes  less 
ever,  seen  floating  above  the  Andes  at    strong  luid  r^ular,  and  is  often  inter- 
the  height  of  25,000  feet;  from  which    rupt^    by  dead   calms.     The   clouds 
we  may  judse,  that  even  on  the  tops  of    accumulate  toward  the  south-south-east, 
that  ran^  the  colour  of  the  sky  is  not  so    appearing  like  distant  mountains,  with 
pure  as  it  would  appear,  if  it  were  pos-    strongly-marked  outlines;  and  from  time 
sible  for  an  observer  to  attain  a  further    to  time  they  detach  themselves  from  the 
elevation.   In  passing  also  from  the  tem-    horizon,  and  traverse  the  vault  of  the 
perate  to  the  torrid  zone,  the  azure  hue    sky  with  a  rapidity  that  little  corresponds 
of  the  skv  is  found  to  augment  proeres-    with  the  feebleness  of  the  wind  below 
sively :  tne  transparency  of  climate  wnich    At  the  end  of  March,  the  southern  region 
is  so  much  admired  in  Italy  and  Greece    ofthe  atmosphere  is  illuminated  by  gleams 
is  for  surpassed  by  that  which  invests    of  lightning ;  and  the  breeze  then  passes 
the  plains  of  Quito  and  Peru,  or  the  fer-    frequently,  and  for  several  hours  toother, 
tile  islands  of  the  Pacific  Ocean.  to  the  west  and  south-west.    This  is  a 

In  the  torrid  zone,  the  temperature  certain  sign  of  the  approach  of  the  rainy 
ranges  within  comparatively  small  limits;  season,  which  begins  at  the  Oroonoko 
and  the  various  phenomima  of  the  aimo-    about  the  end  of  April.    The  sky  be- 
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comes  obscta«d,  the  axure  disappears,       These  remarks  are  piiiK:^)iJ]ymteiMM 
and  a  grey  tint  is  spread  uniformly  over    to  refer  to  the  seasons  in  the  northern 
it;— at  the  same  time  the  heat  progres-    part  of  South  America ;  but,  i»ith  eer- 
sively  increases ;    and  soon,  dense  va-    tain  exceptions,  they  may  very  neaxiy  be 
pours  cover  the  heavens  from  one  end    applied  to  those  of  the  whole  torrid  cone 
to  the  other.    The  plaintive  cry  of  the    —of  course  bearing  in  mind  that,  south 
howhng    monkies   bedns  to  be  heard    of  the  equator,  the  rainy  season  k  from 
before  the  rising  of  the  sun.    The  at-    October  to  April,  and  that  the  mhOA^mt/ 
mosphere  is  at  length  convulsed  by  fre-    corresponds  to  the  norfh-mut  bnen  of 
quent  thunder-storms,  the  rains  descend    northern  countries.    The  period  of  com* 
in  torrents,  and  the  rivers,  rising  rapidly    mencement  of  the  rains  is  not  exactly  the 
above  their  banks,  overspread  the  plains    same  everywhere ;  and  there  are  ptacee 
with  extensive  inundations.  where  ^at  anomalies  are  occasioned  by 

The  occurrence  of  these  periodical  the  existence  of  chains  of  mountains 
rains  id  capable  of  being  explained  in  a  which  attract  the  irspours  and  alter  the 
very  simple  manner.  We  have  re-  direction  of  the  winda  In  the  West 
marked  that  they  always  take  place  in  Indies,  and  also  on  some  parts  of-  the 
that  half  of  the  torrid  zone  to  which  the  American  continent,  too  wet  seasons  an 
Sim  is  vertical  at  the  time ;  and  that  in  distinguished ;  one  of  these,  however,  is 
the  northern  half  they  are  preceded  by  of  much  shorter  duration,  and  has  much 
the  gradual  subsidence  of  the  north-east-  lighter  rains  than  the  other.  In  India, 
erly  breezes,  which  are  followed  by  the  rains  are  brought  on  by  the  eouth- 
calms,  interrupted  frequently  by  stormy    west  monsoon. 

winds  from  the  south-east  and  south-        The  four  seasons  which  we  distinguish 
west  -  While  the  northreast  breeze  blows    in  this  country  are  known  only  in  the 
with  all  its  strength,  it  prevents  the  at-    temperate  zones.   Their  soooesaon  is  the 
mosphere  over  the  equinoctial  lands  and    most  regular  and  perceptible  from  the 
seas  north  of  the  equator  from  being    40th  to  the  60th  degree  of  latitude;  but 
saturated  with  mdsture.     The  hot  and    in  thb  we  speak  of  £urope  only,  for  t>oth 
moist  air  rises  above,  and  the  north-east    in  America  and  Asia  a  much  shorter 
current  continually  supplies  its  place  with    interval  separates  tlw  heat  of  summer 
colder  and  drier  strata.    In  this  way»  the    from  the  odd  of  winter.  That  part  of  the 
humidity  of  the  northern  torrid  zone,    northern  tempemte  zone,  which  lies  be- 
instead  ofbeing  acotunulated  and  forming    tween  the  tropw  of  Cancer,  and  latitude 
condensed  vapours,  ascends,  and  flows    35  S  has,  in  many  places,  a  climate  resem- 
towards  the  temperate  regions ;  and,  ao-    bling  that  of  regions  within  the  tropics^ 
cordingly,  while  the   north-east  breeze    In  £im)pe,  even  as  high  as  the  40th  de- 
retains  its  force,  which  is  when  the  sun    ^ree,  the  frost  in  the  plains  b  neither 
is  pt^^ent  m  the  southern  signs,  the  sky    mtense  norlong^Kmtinued ;  the  trees  are 
is  constantly   serene.      In  proportion,    not  stripped  of  tlMyr  foliaoe  above  two 
however,  as  the  sun  passes  over  the    months  m  the  year,  and  uthough  snow 
equator  towards  the  tropic  of  Cancer,  the    eometimes  Ms  at  the  level  of  the  tea* 
north-east  breeze  softens,  and  ^  degrees    even  in  the  37th  degree  (at  Makga*  for 
entirely  ceases,  because  the  difl^rence  in    example),  it  is  an  occurrmoe  veiy  nn- 
temperature  between  the  northern  tem-    usuaL 

perate  and  the  torrid  zone  isthen  at  its  fVom  the  60th  degree  of  latitude  to 
least  The  breeze  having  ceased,  the  the  pole,  only  two  seasons  take  p&aoe. 
humid  air  is  no  longer  replaced  by  drier  A  severe  and  protracted  winter  is  suo- 
air  from  the  north;  and,  under  the  power-  ceeded  immediately  by  the  wannth  of 
ful  action  of  a  vertical  sun,  the  vapours  summer.  The  rays  of  the  sun,  notwith- 
rapidly  accumulate,  till  they  at  length  standing  the  obliquity  of  tfadr  diredion* 
descend  in  violent  rains.  This  state  of  produce  powerful  efilscts,  becanae  the 
things  continues  till  the  sun  re-enters  the  great  len;^  of  the  days  is  fiivourable  to 
southern  signs;  then  is  the  commence-  the  accumulation  of  heat  Bven  in  very 
ment  of  cold  in  the  temperate  zone,  and  high  latitudes,  the  tar  on  the  ship*s  sides 
the  current  from  the  north  sets  in  again,  is  sometimes  melted  and  made  to  nm 
—because  the  diflference  between  the  down  by  the  sun's  actioa  In  the  north 
warmth  of  the  equinoctial  and  that  of  the  of  Europe  the  snow  is  generally  dissolved 
temperate  regions  daily  increases.  By  in  three  or  fbin*  days,  and  the  flowers 
this  current  the  air  of  the  northern  torrid  almost  immediatel^begin  to  blow.  The 
zone  is  renewed ;  the  rains  cease,  the  va-  breaking  up  of  the  thick  field  of  ioe  which 
pours  disappear,  and  the  sky  resumes  its  is  annuSly  spread  over  the  surfiuse  of  the 
clearness  and  serenity  ef  aspect,  arctic  ocean,  commences  m  th«  month 
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of  June,  and  at  this  season  dense  fo^  It  is  thought  that  even  perpetual  snow 
are  very  common,  owin^  to  the  sur&ee  may  be  the  alxxle  of  a  species  of  yegeti^ 
of  the  water  being  colder  than  the  air  tion ;  for  Saussure  discovered  in  it  a  red- 
lying  over  it     These  at  length  disperse,  dish  dust,  and  a  red  colouring  matter  has 
and  a  short  interval  of  fine  weather  en-  fi^t^uently  been  observed  m  snow  by 
sues ;  but,  before  the  close  of  Aiigust,  navigators  in  the  arctic  regions*, 
the  approaches  of  winter  are  perceived ;  The  absence  of  light  d(^  not  altoge* 
snow  rails;  and,  as  the  temperature  of  Iher prevent  vegetabte existence;  caverns 
the  atmosphere  declines  more  rapidly  and  mines  produce  certain  pkuils,  piin- 
than  that  of  the  sea,  fo^,  called  ihejron-  cipally  those  of  the  cryptogamous  ckuuL 
smoke,  again  arise,  which  disappear  only  In  the  cave  of  Caripe,  situated  to  the 
when  the  ice  has  begun  to  extend  itself  south-east  of  Cumana  in  South  America, 
over  the  clear  spaces  of  tlie  ocean.      It  the  seeds,  which  are  carried  in  by  the 
is  worthy  of  remark  that,  even  in  the  nocturnal  birds  called  Guacharoes,  sprint 
circumpolar  regions,  the  west  of  Eiux>pe  up  at  the  distance  of  several  hundred 
still  muntains  its  sunerloritv  of  tempenir  yards  from  the  mouth  of  the  grotto^ 
ture  over  the  east  of  North  America ;  for  Wherever  they  can  find  mould  to  fix  in. 
the  sea  off  North^^ape  in  Norway,  though  Blanched  stalks,  with  some  halfform^ 
in  the  72d  degree  of  latitude,  is  always  leaves,  rise  to  the  height  of  more  than  two 
open,    whereas  several  degrees  further  feet;  but  M.  Humboldt,  who  observed 
south,  off  the  shores  of  Ainerica,  it  is  them,  could  not  ascertain  the  species  of 
annually  firozen  over.  these  plants,  their  form  and  colour  being 
*^  -.1.     Tvr  *^'M^  *.•  ^  ^*  rr>w-^*^jii--^  **  much  changed  by  the  absence  of  light 
^J^ .^^^"^^^ XJ^.^^^  Vast  fields  of  mariie  plants  spring  tom 
Vt^tattoH  of  the  diffident  Zmea^  thedepthsoftheocean,\»peciatly  towanb 
Pnmtftw  centres  of  Veffetatton.  -^  ^\^^  ^y^  ^^ .  ^  viWleaved 

Tbb  subject  of  physical  climate  is  in  focus  vegetates  at  Uie  depth  of  200  feet, 
itself  highly  interesting ;  but  it  becomes  and,  notwithstanding,  has  leaves  as  gnea 
still  more  so  when  we  extend  our  view,  as  those  of  grass.  In  the  Atlantic,  be- 
and  consider  its  effects  upon  the  nume-  tween  the  23d  and  the  36th  degrees  of 
rous  animal  and  vegetable  tribes  which  latitude,  and  in  the  29th  and  SOthjof  Ion- 
are  dispersed  over  the. earth.  This  dis-  gitude,  the  foci  float  on  the  surfiice  in 
persion  has  not  been  the  result  of  a  blind  such  numbers  as  to  give  the  appearance 
and  unmeaning  chance ;  the  same  wis-  of  an  immense  inundated  meadow.  It  is 
dom  which  called  them  into  such  beauti-  supposed,  by  many  botanists,  that  they 
ful  and  various  existence,  has  fixed  laws  grow  at  the  Wtom  of  the  sea,  and  float 
for  their  distribution  over  the  surfiBLce  of  only  in  their  ripened  state,  when  torn  off 
the  j^lobe.  To  these  laws  (without  enter-  by  the  motion  of  the  waves  or  otherwise, 
ing  mto  details  wluch  belong  to  botany  Extreme  heat  is  not  destructive  of  ve- 
and  zoology)  we  shall  now  direct  our  getation,  provided  that  it  be  accompanied 
attention.  by  humidity.  Plants  grow,  not  only  on 
The  wide  extension  of  vet^table  life  the  borders  of  hot  springs,  Init  even  in 
furnishes  one  of  the  most  striking  exam-  the  xnidst  of  waters  which  we  should  have 
pies  of  the  productive  power  of  nature,  supposed  to  be  quite  unsuited  to  their 

Every  climate,  as  we  pass  firom  the  equa-    ; 

tor  to  the  pole,  or  tmm  the  plains  just  *,  ^■pS*'*  ^^"h^}"  ^\"lf ' « *iJ  o  V^"^^^ 

•     J    /    "^ii!    1       1     *  .L        F*^*"^  J**»*     made  m  the  year  1827  to  reach  the  North  Pole,  mwi- 
raised  above  the  level  of  the  ocean  to  the     tioni  khm  ■trikinr  Mamples  of  this  appeanncc.^ 

summits  which  are  covered  with  eternal    *'  '■  **»•  eowie  of  thu  day's  joaniey.  we  mst  with  • 
.now.  has  its  peculiar vegetetioa  Goto-    1^?^';,?. 'i^'SMJU''-".''^  "-nT.^ 

tries,   the  most   inhospitable  and  locked     cumstancs  rMalled  to  o«r  rstollertion  onr  tevinf 

upin  fro^neariy  all  the  ,«r.  mx,  iiot    L'Sn'luriJSJ^^eS^i.V-t.iTo^'i:.^ 

entirely    destitute    of   it       On    Melvme     now.  left  upon  \t  a  light  ra.<MseoUmred  tittt,  whiek. 

Island  (N.  lat  75%  where  the  dmtition    •*  «»»•  ^  "*•  •*}!i^?*^  H*  )*«•«?«>"■«  "*"*»'  ^^ 

t     •   &      :^  ^:^^  ^1^^  ^^.^41^    ^^A  i.u«  iM  pressed  out  of  the  birch  of  which  they  were  mads. 

of  winter  is  mne  or  ten  months,  and  the  rS-day.  howew.  we  obserred  that  the  mnaen  of 

mean  annual  temperature  OCily  two  de-  th«  boats,  and  eyeli  oar  own  footsteps.,  exhibited  tha 

imuM  fihnv»  7t^r€\  thorP  btp  nlfucM  which  aama^appearaace;  and  on  watching  it  morenarrowlr 

gre^  aoove  zero,  xnere  are  piaces  wracn    ^i^^^^^^  ^e  found  the  same  effect  to  be  ptodncad, 

produce,    m    abundance,    moss,    lichen,     in  a  greater  or  less  degree,  by  heavy  preasare,  oa  al- 

grass,  saxifrage,  poppy,  the  dwarf  willow,    «o«t  all  ^^'^^^^^^^^\^^'^^  £^ W 
and  the  sorrel  which  is  so  valuable  for    The*wi5ir  of  the  tA  snoJJI  which  KSrred'onW^ 

its  antiscorbutic  qualities  :  the  expedition     two  or  three  spots,  appeared  somewhat  diflisrffit  from 
tindpr  Pflrif  Ain  Parrv  Ah«»m»d  in  a  shpl-     *>»»■♦  **"ff  '»***•'  ^  •  salmon  than  a  roseooloar,  but 

unaer  v^ap^p  ra,rry  opserveo,  m  a  snei     ^^^  were  so  striking  as  to  be  the  subject  of  constant 

tered  spot  of  this  island,  a  ranunculus  m     nmark."     This  eolonring  substance  has  fsnanUly 

fuU  flower  in  the  second  week  of  June.    b«en  thought  to  belong  lo  tha  Qs^Ji§m. 
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existence.  Examples  of  this  sort  occur 
in  Iceland  and  many  other  countries. 
Even  sulphureous  exhalations  are  not 
fatal  to  vegetation:  it  is  reported  that  the 
interior  of  the  crater  of  Vesuvius,  after  a 
lone  period  of  i]epose,  was  in  1 6 1 1  covered 
with  shrubs.  Tne  greatest  obstacle  to  it 
is  the  absence  of  moisture ;  those  sandy 
tracts  where  rain  seldom  or  never  falls, 
and  where  the  soil  is  constantly  being 
shifted  by  the  winds,  exhibit  a  hopeless 
sterility.  The  verdure  of  the  ooies,  or 
islands  of  vegetation,  scattered  over  some 
parts  of  the  African  desert,  is  maintained 
by  springs  which  rise  up  to  the  surface 
of  the  ground.  The  chemical  nature  of 
the  soil  influences  the  size  and  vigour  oi 
plants  rather  than  sets  limits  to  their 
cultivation.  Common  salt,  however,  dis- 
solved, ai^  scattered  over  the  earth  in 
lar^  quantities,  almost  entirely  prevents 
their  growth.  The  fusion  which  lava  un- 
dergoes is  probably  the  reason  why  the 
prog^ress  of  vegetation  on  its  sur&oe  is  so 
long  r^urded ;  whereas,  from  the  ashes 
'  thrown  out  by  volcanoes,  the  most  abunr 
dant  crops  are  raised. 

The  scale  of  atmospherical  heat  is  that 
which  ordinarily  determines  the  charac- 
ter and  progress  of  vegetation.  Hence, 
under  the  fierce  climate  of  the  torrid  zone, 
we  need  only  ascend  lofty  mountains,  to 
a  certain  height,  in  order  to  behold  the 
trees,  fruits,  uid  flowers  of  the  temperate 
zone ;  while  still  higher  are  found  those 
of  the  frigid  zone.  The  low  vallies  of  the 
Andes,  towards  the  equator,  are  adorned 
with  l)ananas  and  paun-trees,  while  the 
elevated  parts  of  the  chain  produce  oaks, 
firs,  and  several  other  tribes  common  to 
the  north  of  Europe.  Near  the  equator, 
the  oak  grows  at  an  elevation  of  9200 
feet  above  the  sea,  and  never  descends 
lower  than  one  or5500  feet;  but.  In  the 
latitude  of  Mexico,  it  is  seen  as  low  as 
2600  feet  From  the  height  of  about 
1 5,000  feet,  to  the  boundary  of  perpetual 
congelation,  lichens  are  the  only  plants 
visible.  Similar  gradations,  on  a  smaller 
scale,  are  observed  among  the  Alps ;  on 
ascending  which,  ohesnuts,  beeches,  oaks, 
and  pines  occur  in  succession,  the  last 
gradually  becoming  stunted  till  they  dis- 
appear not  &r  from  the  border  of  perpe- 
tual snow.  The  vegetation  which  covers 
the  sides  of  mountains  may  be  divided 
into  distinct  zones  or  bands,  each  zone 
containing  its  peculiar  tribes.  On  the 
volcano  of  Teneriiffe,  one  of  the  Canary 
Islands  (N.  lat  284°),  as  many  as  five  of 
these  zones  are  distinguished* : — (I)  the 
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region  of  vines;  (2)  of  laureh  ;  (3>  of 
pines;  (4)  of  the  retama  (an  alpme 
oroom)  ;  and  (5)  the  region  of  grmseg. 
These  zones  are  arranged  in  staees,  one 
above  another,  and  occupy,  on  tne  decli- 
vity of  the  Peak,  a  perpendicular  heigfat 
of  11,200  feet 

In  the  equinoctial  region  where,  in 
respect  of  warmth,  the  seasons  difier  lit- 
tle from  each  other,  the  geographical 
distribution  of  plants  is  regmated  umost 
entirely  by  the  mean  temperature  ol  the 
whde  year ;  but  in  the  temperate  zone 
this  distribution  depends  not  so  much 
upon  the  mean  temperature  ^  the  year 
as  upon  that  of  the  summer  season.    In 
Lap&nd,  there  are  fine  forests  on  the 
continent  at  Enonteliie8,wY)eTe  Vhemean 
annual  temperature  i^only  27  degrees, 
while  on  the  isQand  of  Mageroe,  where 
it  is  more  than  32  degrees,  oi^  a  fiew 
scanty  shrubs  are  to  be  seen.    The  more 
vuporous  vegetation  of  Enontekies  is  the 
effect  of  a  warmer  summer ;  the  mean 
temperature  of  July  being  there  594°; 
whereas,  at  the  isle  of  Mageroe,  it  is 
only  46}°.     Some  plants  in  summer  re- 
quire a  certain  degree  of  warmth  only 
for  a  short  period ;  for  others,  a  more 
moderate  warmth  is  sufficient,  if  it  be  of 
longer  duration.  'The  birch  and  the  mne 
afford  an  example  of  this  difference.  The 
former  tree  does  not  put  forth  its  leaves 
till  the  temperaJkuxe  YuAs  risen  to  about  53 
or  54  degrees ;  and  in  aU  places  where 
the  mean  simuner  heat  &lls  short  of  this, 
the  birch  cannot  flourish,  however  great 
mavbe  the  mildness  of  the  winters.  Such 
is  the  case  on  the  island  just  mentioned, 
and  in  other  parts  of  Lapland.     The 
pine,  on  the  contrary,  requires  a  loog 
rather  than  a  warm  summer.     In  the 
interior  of  Lapland,  where  the  stunmer, 
though  short,  is  vrarm,  the  birch  rises 
much  nearer  the  line  of  perpebial  con- 
gelation  than   the   mne;   out  in  the 
Alps  and  other  hien  chains  in  lower 
latitudes,  where    tne    summer  is   of 
longer  continuance  but  colder,  the  pine 
is  seen   after  the  birch  has   entirely 
disappeared. 

Tne  frigid  zone  contains  but  few  spe- 
cies of  plants,  yet  of  these  the  v^tation 
in  summer  is  extremely  rapid.  Ine  vor  • 
dure  of  those  countries,  which  lie  within 
the  polar  circle,  is  confined  chieAy  to  the 
hills  having  a  southern  aspect,  and  the 
trees  are  of  very  diminutive  growth.  Be- 
sides mosses  and  lichens,  there  exist  fenis, 
creeping  plants,  and  some  shrubs  yieldixig 
hemes  of  an  agreeable  flavour.  The  arctic 
regions  of  Europe  are  peculiarly  fi&voured ; 
for,  in  certain  parts  of  Lapland,  there  are 


PHYSICAL  GEOGRAPHY.  45 

fine  forests,  and  even  rye  and  leguminous  Under  the  eouator,  the  elimate  best 

plants  are  produced.  suited  for  the  culture  of  all  kinds  of  £u- 

In  the  h^h  latitudes  of  the  northern  ropean  grain  lies  betvreen  the  altitudes 

temperate  zone  are  the  pine  and  the  of  6000  and  9000  feet  above  the  level  of 

fir,  which  show  their  ackptation  to  a  the  ocean.    Wheat  wiU  seldom  form  an 

cold  climate  by  retaining  their  (verdure  ear  below  the  elevation  of  4500  feet,  or 

in  the  midst  of  the  rigours  of  winter.  To  ripen  above  that  of  1 0,800.  With  resMct, 

these,  on  advancing  southward,  succeed  however,  to  the  lowest  height  at  which 

the  oak,  the  ehn,  the  beech,  the  lime,  and  com  can  be  raised  between  the  tropics, 

other  forest  trees.     Several  fruit  trees,  there  are  «eat  inregularities,  which  tend 

among  which  are  the  api^e,  the  pear,  the  to  prove  that  the  augmentation  of  heat  is 

cherry,  and  the  plum,  grow  better  in  ih»  not  prejudicial  to  its  cultivation,  unless 

northern  half  of  this  zone,;  whOetoits  attended  with  an  excess  either  of  drought 

most  southern  part  especially  belong  tiie  or  of  moisture.     In  the  environs  of  La 

more  delicate  fruits,  such  as  the  olive,  the  Victoria,  a  town  of  Venezuela  (lat.  10|« 

lemon,  the  orange,  and  the  fig ;  and,  N.),  fields  of  com  are  seen  mingled  with 

amongst  trees,  the  cedar,  the  cypress,  plantations  of  8ugar<»uies,  coffee,  and 

and  the  cork.  plantains,  at  the  height  of  not  more  than 

The  space,  comprised  between  the  30th  ft^m  1700  to  1900  feet  above  the  sea. 

and  the  50th  parallels  of  latitude,  may  The  district  of  Quatro  Villas,  in  the  in- 

be  considered  as  the  country  of  the  vine  terior  of  the  island  of  Cuba,  furnishes  a 

and  the  mulberry.     Wheat  eirtcnds  as  still  more  remarkable  example;  there, 

far  north  as  the  60th  degree ;  oats  and  fine  harvests  are  raised  almost  at  the  level 

barley  a  few  degrees  further.     In  the  ofthe  ocean.  In  nearly  the  same  latitudes, 

southern  part  of  this  zone,  maize  and  on  the  other  side  of  the  Mexican  Gulf, 

rice  are  more  commonly  cultivated.  the  fine  fields  of  wheat  are  genemlly  be* 

The  vegetation  of  the  torrid  zone  is  tween  3800  and  7700  feet  of  elevation; 

characterised  by  a  wealth,  a  variety,  and  whUe  on  the  slope  qf  the  mountains  of 

a  magnificence,  which  are  nowhere  to  be  Mexkso  and  Xalapa,  vegetation,  even  at 

found  in  tli«  other  regions  of  the  globe,  the  heu^t  oi  4320  fieet,  is  so  luxuriant. 

Under  the  beams  of  a  tropical  sun,  the  that  wheat  does  not  finrm  ears.     It  is 

most  juicy  fruits  and  the  most  powerful  erroneous  to  suppose  that  grain  degene- 

aromatics  arrive  at  perfection ;  and  innu-  nites  in  advancing  towards  the  equator, 

merable  productions  supply  the  wants  or  that  the  harvc^  are  more  abundant 

and  administer  to  the  luxuries  of  man.  in  northern  climates.     On  the  contrary, 

There  the  ground  yield  the  sugar-cane,  it  has  been  found  that  nowhere  to  the 

the  coffee-tree,  the  palm,  the  bread-tree,  north  of  the  45th  parallel  of  latitude  is 

the  pisang,the  immense  baobab,  the  date,  the  produce  of  wheat  so  considerable,  as 

the  cocoa,  the  vanilla,  the  cinnamon,  the  it  is  on  the  northern  coasts  of  Africa,  and 

nutm^,  the  pepper,  the  camphor  tree,  &c.  in  America,  on  the  table-lands  of  New. 

&c.    In  South  America,  is  tiieremarka-  Grenada,  Peru,  and  Mexico^.  Near  the 

ble  tree  called  the  oow'tree,  which,  when  town  of  La  Victoria  above-mentioned,  the 

incisions  are  made  in  its  trunk,  ^dds  average  produce  is  three  or  fbur  times  as 

abundance  of  a  glutinous  and  nourishing  great  as  that  of  northern  countries.    It  is 

milk*.    There  are  also  various  sorts  of  equally  large  at  Buenos  Ayres  in  the  35tii 

dyewood,  and  several  species  of  com  pe-  deme  of  south  latitude, 

ouliar  to  hot  climates ;  while  this  zone  is  The  vegetable  forms  near  the  equator 

not  destitute  (in  its  elevate  tracts)  of  are  in  eeneral  more  matestic  and  impos- 

every  kind  which  grows  in  the  plains  of  in^,  and  the  varnish  of  m  leaves  is  more 

temperate  countries.                                •  bnUiant.     The  largest  trees  are  adorned 

.  »    u-i^. '  ...  ^.v    1   rk'  t>        1^ ^^  fiowers  larger,  more  beautiful,  and 

•  Humboldt,  in  the  4th  tol.  of  hu  Pexional  Narra-  —^-^  ^wl/w;fcwx.,«  ♦w*^  «k^w.^  ^r  w.^u 

tiT..  has  Mxm  an  acooant  of  this  tr«e.  The  ftcaadiiy  "JOI*  OdOWferoUS  thWl  thOSe  of  herbaceous 

of  natare  in  the  torrid  Boae  ttrikia^ly  appears,  when  plants  m  OUr  ZOUe.  It  IS  Scarcely  possible 

we  oonsider  the  oireomataaoes  nnder  which  thu  tsm-  f^vp  «n  inhabitflnt  of  tpninen.t«  rp^rmv  ii% 

table  mUk  is  produced.    "  On  the  barren  flank  of  a  'V*"  »"  innaDiiani;  oi  lemperaie  regions  10 

Tock  grows  a  tree  with  eorinceoQS  and  drx  leaves.  Its  picture  tO  himself  the  beauty  and  the 

]ai«e  woodj  roots  can  ■©•rcelr  penetrate  into  the  grandeur  of  the  Vast  fOKStS  of  equinoctial 

stone.     For  sereial  months  of  the  year,  not  a  single  'i  --««:^«        »iVm»^«  -nrUJ^U  «a4^»;..  »  -4«,.^» 

shower  moistens  its  foUage.    Its  branches  app^  America.     Trees  vi^hich  attam  a  stupen- 

dead  and  dried;  but  when  the  trunk  is  pierced,  there  ^OUS  height  and   sizC  are  COVered  With 

flows  from  it  a  sweet  and  nourishing  milk.     It  b  at 

the  rising  of  the  snn  that  this  Tegetable  foontain  is  ^  „,                                 .     . 

most  abundant     The  Blacks  and  natives  are  then  The  mean  temperature  for  three  months  or  sum- 

••en  hastening  from  all  qnarten.  furnished  with  laiffe  ^^^  **«  ^  ^^  north  of  Karope*  from  59>  to  66° ;  in 

bowls  to  leoe^e  the  milk,  wki6h  grows  tcUow,  and  Batbary  and  in  Egypt,  from  80**»  to  B*** ;  and  within 

thfekens  at  its  sarfaee."— JPenMof JVbrmdvf.Tol.  ir.  ?« '"!£*■•  at  between  8950  and  3840  feet  of  height, 

pp.  S16  and  SI?.  fcom  bT  to  78». 
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profuiioQ  of  c]imbiiigplant8,andthe  same    island  of  Teneriffe,  is  another  speeimeii 
Caoas  as  ereep  on  to  surfaoe  of  the  earth    of  enormous  CTOwth,    Its  trunk  is  about 
reach  the  tops  of  the  trees,  and  pass  from    60  or  60  feet  nigh,  and  its  girth  near  the 
one  to  another  at  the  height  of  more  than    roots  aUnost  48  feet.    Its  afersge  girth 
a  hundred  feet    By  ti^  continual  inter-    is  stated  by  M,  de  Borda  to  be  36  feet, 
ladng  of  parasite  plants,  the  botanist  ia    0  or  10  inches.   The  baobabs  axe  of  still 
often  led  to  confound  the  flowers,  tha    greater  dimensions  than  the  above.    At 
thiits,  and  leaves  which  belong  to  difier*    Senegal,   and  in  the  islands  of  Cape 
ent  species,   M.  Humboldt  gives  the  fcl-«    Verd»  some  were  remarked  which  bad  a 
lowing  striking descriptionof  the  woods  on    cboumference  of  from  56  to  60  feet,  and 
the  banks  oftheCaasiquiare,  on  approach-    in  another  part  of  Africa  one  was  seen 
ing  the  point  where  that  river  branches  off   jwhose  diameter  was  34  feet  (more  than 
from  the  Oroonoka  '*  The  luxunousnesa    100  in  oirciunferenoe,) 
ofthe  vegetation  increases  in  a  manner  of       The  distribution  of  plants  cannot  be 
which  it  is  d^cult,  even  for  those  who    explained   solely  by  the   influence  of 
are  accustomed  to  the  aspect  of  the  forests    climate  or  by  thie  distribution  of  tempe- 
between  the  tropics,  to  form  an  idea,    rature;'  for  it  frequently  happens  that 
There  is  no  longer  a  beach:  a  palisade  of    similar  climates  are  found  in  different 
tufted  trees  forms  the  bank  of  the  river,    parts  of  the  globe  ^thout  identity  of 
You  see  a  canal  200  toises  (426  yards)    productions.     The  climate  of  the  ni^ 
broad,  bordered  by  two  enormous  walls,    mountains  of  the  torrid  zone  is  analc^ug 
clothed  with  lianas  and  foliage.     We    to  that  of  our  temperate  zone;  yetHum-* 
often  tried  to  land,  but  without  bsing  able    boldt  did  not  discover  one  indigenous 
to  step  out  of  the  boat     Toward  sunset    roae-tree  in  all  South  America,  and  it 
we  sailed  along  the  bank  for  an  hour,  to    also  appears  that  this  snrub  is  entirely 
discover,   not  an  opening  (since  none    wanting  in  the  southern   hemisphere, 
exists),  but  a  spot  less  wooded,  where  our    The  genus  mca  (heath)  is  quite  pecu- 
Indians,  by  means  of  the  hatchet  and    liar  to  the  Old  World;  of  the  137  species 
manual  labour,  could  gain  space  enough    known,  not  one  is  to  be  met  with  in 
for  a  resting-place  for  12  or  13  persons.**    the  new  continent    They  seem  to  be 
A  lai^  proportion  of  the  trees  of  these    very  rare  even  in  Asia.    On  the  other 
miyestic  forests  are  more  than  100  feet    hand,  the  oactui  (Indian  fi^)  is  coa- 
in  height ;  while  some,  especially  of  the    flned  to  the  New  World.    It  is  true  thet 
palms,  have  an  elevation  of  150  to  200    a  similarity  exists  in  respect  to  ibi^  ve* 
feet*.  Various  instances  are  recorded  of    getation  between  very  distant  countriee, 
the  enormous  growth  of  trees  in  tropical    where  the  physical  circumstances  are 
climates.    Humboldt  measured  on  the    alike ;  but  in  some  instances  it  ia  only 
banks  of  the  Atabapo,  a  bombax  ceiba    a  general  resemblance  of  the  vegetable 
more  than  120  feet  hijEch,  and  15  feet  in    forms.    In  many  cases  the  nsm^ genera 
diameter.    Near  the  village  of  Turmero,    recmr;  but  there  are  oomparativdy  few 
wHioh  lies  to  the  south-west  of  the  city    examples  in  which  identical  ipeeiet  have 
of  Caracoas,  is  the  famous  Zamcmg  del    been  recognized  in  countries  far  remote 
Guayre,  a  species  of  mimosa,  known    from  each  other*,      Species  of  pine, 
throughout  the  province  for  the  great    beech,  elm,  &o.,  are   found  in  Ame- 
extent  of  its  bmnches,  which  form  a    rica,  differing,  however,  from  the  Asiatio 
hemispherical  head  more  than  600  feet    and    European    species.      "The   lofty 
in  circumference.      The  height  of  its    mountains  of  equinoctial  America  (saya 
tnmk  is  about  63  feet,  and  its  thickness    M,  Humboldt)  have  oj^rtainly  plantains, 
between  nine  and  ten.     The  branches    valerians,  arenarias,  ranunouluses,  mecU 
extend  like  an  immense  umbrella,  and    lars,  oaks,  and  pines,  which  from  their 
bend  towsrds  the  ground,  from  which    physiognomy  we  might  confound  with 
they  remain  at  an  uniform  distance  of  12    those  of  Europe ;  but  they  are  all  ipe- 
or  15  feet    The  cu-eumference  of  this    cifioally  different''   The  Antarctioluroh 
head  is  so  regular,  that  M,  Humboldt    {betula  Aniarctiea)  of  Tierra  del  Fuego 
traced  different  diameters,  and  found    corresponds  to,  but  does  not  exactly  re- 
them  204  and  198  feet  in  length.    The    semble  the  dwarf  birah  {betula  wma)  oC 
dragon-tree  idracana)  at  Oratava,in  the    Northern  Europe. 

■  — . According  to  Humboldt,  the  speciea 

•  Siii)]iUtiMforo«ofT«g8t»tioa«iubitodbyAn«-    of  plants  at  present  known  amount  te 

nc«n  plants  in  every  aone.  that  in  the  latitude  of  67*  44  000       Of  fhPHP     fiOOO   are  cntoiora' 

N..  on  the  same  isothermal  line  with  St.  Pettrebnrib  *^'"""«      "'   Uiese,    pUOO.  are  (Tl^Wtf^ 

and  the  Orkney  IslandH.  the  Canadian  Pine  (Pinut      ' ' T* 

Canadenus)  di'-plavs  trunks  above  150  ftet  hieh,  and  *  ^or  an  espUukfttkHl  of  th«  tanu  MntfMli9«ote% 

more  than  six  feet  In  diameter.                        *  Me  page 59. 
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mou^*   The  remaining  38,000  phanero-  when  upon  any  point  of  the  globe  we 

gamousf  {dants  are  thus  distributed  : —  know  the  number  of  species  longing 

In  Europe 7000  to  one  of  the  great  families,  both  the 

Temperate  regions  of  Asia  .       1500  whole  number  of  phanerogamous  plants, 

Asia,  within  the  tropics  and  idandt    4500  and  the  number  of  species  composing 

intt^hft.«'n««t;r*.i'««.;f  Ami.    ^^  ^^  o^^cr  Vegetable    famUies,  may  be 

Both^tbctemperateregjonsofAme-   ^^^  estimated  with  considerable  acciu-a^y. 

In  America,  between  the  tropics      13,000       It  has    been    a    question  discussed 

New  Holland,  and  the  islands  of  the  among  philosophers,  in  what  wa^  the 

Pacific 5000  various  vegetable  tribes  were  originally 

He  also  states  the  proportions  of  plants  diffused  over  the  surface  of  the  earth, 
which  grow  in  latitudes  0%  45°,  and  68^  Three  different  hypotheses  have  been 
to  be  as  the  numbers  12,  4,  and  1.  The  maintained  upon  this  subject.  The  first 
mean  annual  tem^ieratiues  in  these  lati-  supposes  that  there  was  only  one  piimi- 
tudes  are  respectively  8U°,  654°,  and  tive  centre  of  vegetation;  all  species  of 
33^°,  and  the  mean  summer  temperatures  plants  having  had  their  existence  ori 
82i°,  70°,  and  53}°.  Within  the  tropics,  ginally  confined  to  one  tract  of  the  earth, 
the  monocotyledonoMt  plants  are  to  whenoe  they  were  gradually  dispersed 
the  dioatyledonout^y  as  1  to  6  ;  between  over  all  countries, 
the  latitudes  36°  and  62°,  as  1  to  4 ;  and  ,  This  hypothesis  was  adopted  by  the 
at  thepolarciroleasl  to.2.  Thi^  annual  celebrated  Linnsaus.  He  imagined  the 
monocotyledoDOus  and  diootyledonous  habitable  world  to  have  been  at  thecomr 
plants  in  the  temperate  lone  amount  to  mencement  limited  to  one  spot,  in  which 
one-'Sixth  of  the  whole  phanerogamous  were  collected  the  originals  of  allthespe* 
class ;  in  the  torrid  lone  they  scarcely  oiesof  plants,  together  with  the  first  pa- 
form  one-twentieth,  and  in  Lapland  one-  rents  of  all  animals  and  of  the  human  race, 
thirtieth  part  A  drcumstance  worthy  of  As  such  various  natures  would  require  a 
remark  is  the  extreme  ranty  of  the  <o-  diversity  of  climates  for  their  support,  he 
CtW  plants  between  the  tropics,  that  is,  supposed  this  tract  to  have  been  situated 
of  those  plants  whioh,  like  the  heath  of  in  a  warm  region,  and  to  have  contained 
Europe,  live  together  and  eover  laiige  a  lofty  mountain  range,  between  the  base 
tracts  of  land||.  In  the  torrid  xone,  they  and  the  summit  of  which  were  to  be 
are  found  only  on  the  sea  tfhore  ana  foimd  all  temperatures  and  climates, 
upon  elevated  plains.  from  the  temperature  and  climate  of  the 

Amon^  the  vegetable  forms  there  are  torrid  to  those  of  the  frigid  zone.    Lin 

some  which  become  more  common  from  neeus  endeavoured  to  support  this  hvpo- 

the  equator  towards  the  poles,  as  the  thesis  by  referring  to  the  means  wiuch 

fBms,the  heaths,  and  the  rhododendrons;  are  provided  for  the  multiplication  and 

others,  on  the  contrary,  increase  from  the  dispersion  of  plants.   Winds,  rivers,  and 

poles  to  the  equator,  amon^  these  are  marine  currents,  are  all,  more  or  less,  in- 

the  ruhiacem^t  the  etqohorttte,  and  the  strumental  in  the  conveyance  of  seeds 

leguminous  plants;  while  others,  such  from  one  country  to  another.  The  former 

as  the  eruainr€B/^*f  the  umbeli^er€etff  carry  the  lighter  kinds  of  seeds  to  im- 

&c.,  attain  meir  maximum  in  the  tem-  mense  distances,  and  the  two  latter  some- 

perate  tone,  and  diminish  towards  the  times  transport  others  from  the  most 

equator  and  the  poles.    The  vegetable  remote  parts.    The  naturalist  just  men- 

fcnns  present  (under  the  same  uother^  tioned  remarks  that  the  Eri^eron  Cana^ 

mal  linsi)  such  constant  relations,  that  chrue  was  first  introduced  into  the  gar- 

i  «    .       ..u    VI  •  ui  / — TT^ —  dens  near  Paris  from  Canada ;  the  seeds 

I'SSJuiSr/iijSnfrctiaSr'^"'^  t*^  •««"«"<»  by  ««  wind.  tW.  plant 

laving  only  onaeotftodoo  or  tsed-iohe^  was,  m  the  course  of  a  centurv.  Spread 

lavinff  two  «##^o^M.  oyo-  -11  France.  Italv.  SicUv,  Belgium. 

rhroufh  JnUand,  Holiteis,  Hanover,    W«t-  "^^  »u  j:r»tiuc,  auujt,  w«*uj,  w*|^u«i, 

J  a,  uii  HoUandTa  long  chain  of  hflis  mav  bo  and  Germany.    The  migration  of  plants 

d,  ostinlx  eovorod  with  eommoii  hoath,  and  tho  \m  means  of  currents  is  also  wcU  asoer- 

0riea  tttroliM.     Very  littlo  socccm  ba«  attendod  the  !.„•    _  j    __  j  --,-„-,  inaian/wM  ^f  it  aiw  «*. 

eSbrt*  made  by  the  farmen  to  oppose  the  iatoade  of  tamed,  and  many  instances  Of  It  w«  ra- 

theu  oiaati.  corded.    On  the  shores  of  the  Hebndes 

IT  Ono  of  JnMiem*!  natural  oid«  of  plants,  M  ^^  collected  at  times  the  seeds  of  the 

named  from  rn^ta  Cmadder).  •^*'  **      vw  _,^.   ^^j 

••  An  order  of  plaots.  lo  named  from  thefar  petale.  mtmOM .  SOOnoeMt    OOlxchoe   UVetiS,  and 

Ibar  in  nambtr,  being  disposed  in  the  form  of  a  croat.  several  other  plants  of  Jamaica,  the  isle 

to'JLS;:^.",:£t*"„'3^,  ^oiX  wSS!!  of  Cub».  *nd  &e  ndchbounnK  continent 

ooantKU  of  several  flowersuiks,  or  rays,  nearly  These  are  not  the  Only  methods  in  which 

•qoal  in  length,  spmading  from  a  eommon  point  «r  ^^  dispersion  of  SpCcicS  is  effected :  it 

oenrre.    The  Aowen  of  the  hemlock  and  parsley  are  •      i      V  au  a       — «  «.va^<.  /oo  *Ka 

Mi6e//ato.  '^     '  IS  also  known  that  some  seeds  (as  toe 


48  PHYSICAL  GEOGRAPHY. 

misseltoe  and  juniper)  are  capable   of  indigenous  kinds  in  those  parts  of  Ame* 

preserving  their  vitality  in  the  stomachs  rica  visited  by  him  are  peculiar  to  that 

of  birds,   and   are   thus    propagated,  continent,  and  that  the  only  exceptions 

Lastly,    man  has    introduced   various  to  this  rule  are  plants  of  the  sea-coasts; 

plants  into  countries  where  they  pre-  the  migration  of  -winch  is  easily  to  be 

viously  had  no  existence.  explained.     The  observations    of  Mr. 

The  second  hypothesis  is,  that  each  Brown  on  the  botany  of  Terra  Australis 

species  of  plants  originated  in  and  was  {Souihem  Land)  tend    nearly  to  the 

dm\i8ed  from  a  single  primitive  centre;  same   pmnt     Of  the   plants  aheady 

but  that  there  were  several  of  these  cen-  known  m  that  country,  400  species  are 

tres    situated  in  different  parts  of  the  cryptogamous,  860   monocotyledonous, 

globe,  each  centre  the  seat  of  a  particu-  and  2900  ^cotyledonous.    Of  the  400 

lar  number  of  spedes.    The  third  and  cryptogamous,  more  than  120,  that  is 

last  hypothesis  is,  that  wherever  a  suit-  nearly  one-third  part,  are  also  indige- 

able  soil  and  climate  existed,  there  the  nous  m  Europe.    Of  the  860  monocotp- 

vegetable  tribes  sprang  up  ;   and  that  ledonous,  only  30,  or  about  one  twenty^ 

plants  of  the  same  species  were,  from  ninth  part,  have  been  found  in  Europe, 

the  first,  spread  over  afferent  regions.  and  more  than  lialf  of  these  are  grasses 

We  proceed  to  relate  some  fiBC&  which  and  q/peroids.    But  of  the  2900  d^bcoty- 

have  been  observed,  and  which   will  ledonous  species,  only  15,  or  about  the 

enable  us  to  form  some  ofnnion  as  to  one  hundred  and  ntnety-4hird  part,  are 

which  of  the  thr«e  nreceding  hypotheses  the  same  in  Australia  as  in  Europe, 

has  the  best  foundation.    The  greater  Results  no  less  striking  have  been  ob- 

number  of  these  facts  are  taken  from  the  tainedon  comparing  the  Testation  oi 

opening  part  of  Dr.  James  Prichard's  other  southern  countries  with  that  of 

work,  entiUed  **  Researches   into   the  Europe    and    the    northern    regions. 

Physical  History  of  Mankind,"  where  Though    the  proportion  of  European 

they  ^are  brought  forward  in  a  similar  plants  in  Australia  is  so  small,  it  appears 

discussion  to  the  present  to  be  greater  than  that  which  is  observed 

Those  plants  whose  structure  is  the  in  the  south  of  Africa.    The  proportion 

most  simme  are  found  to  be  very  gene-  of  European  species  in  South  America 

ndly  dimised.      Among  the  cryptogar  is  probably  still  less  than  it  is  in  South- 

mous  tribes,  (such  as  mosses,  lichens,  em  Africa. 

Sec.,)  which  form  the  lowest  order  of  the  From  the  preceding  remaiks,  it  is  to 
vegetable  creation,  the  same  species  are  be  gathered,  that  the  most  simply  orga^ 
often  met  with  in  the  most  distant  re-  niz^  tribes  of  plants  are  very  widely 
gionS*.  Two-thirds  of  the  lichens  ob-  dispersed ;  that  plants  of  the  more  per- 
served  in  Australia,  are  also  natives  of  feet  or  more  complex  forms  are,  on  the 
Europe ;  and  of  the  ferns  of  New  Hoi-  contrary,  Ihnited  to  particular  countries ; 
land,  which  constitute  rather  more  than  and  that  the  monocotyledonous,  whidi 
100  species,  twenty-eight  have  been  dis-  may  be  considered  as  tnbes  of  an  inter- 
covered  in  other  counmes.  Many  of  the  mediate  class,  are  neittier  so  extensively 
monocotyledonous  tribes  are  also  widely  spread  as  the  former,  nor  confined  within 
roread.  Several  grasses  are  common  to  such  narrow  limits  as  the  latter. 
Europe  and  Australia.  In  South  Ame-  Some  exceptions  to  this  general  rule 
rica  too,  not  only  the  mosses,  but  like-  have  lately  been  brought  to  fiiht  by  the 
wise  several  grasses,  are  the  same  as  botanical  discoveries  made  during  the 
Einropean  species.  It  is  not  so,  how-  expedition  to  the  river  Zaire  on  the  west 
ever,  when  we  view  the  distribution  of  coast  of  Africa  (about  6*  S.  lat)  From 
the  more  perfect,  or  of  the  dicotyledo-  Mr.  Brown^s  observations  upon  iro- 
nous  plants,  there  being  a  very  small  wards  of  600  plants  collected  in  ^e 
number  of  such,  which  are  common  to  neighbourhood  of  that  river,  it  appears 
countries  distant  from  each  other.  With  that  about  one-twelfth  of  the  cdUedion 
respect  to  the  dicotyledonous  tribes,  consists  of  species,  which  are  also  met 
Humboldt  has  maintained  that  all  the  with  either  m  India,  or  on  the  opposite 
^.  -,       ,  .  ..      .     !    Tri~;     TTT       '■"  shores  of  Guyana  and  Brazil ;  and  it  is 

■*•  To  explain  the  eztensire  diffanon  of  these  spe-  «  ^„  -^ *    i   xu  a    ■      ai_*  i.       axT 

cie*.  LinnsBos  supoosed  that  their  seeds,  bemr  inn-  *  CUHOUS  fact,  that   m  this  number  thc 

•ibie  particles,  miffht  be  carried  to  iacaicaiabu  disp  more  perfect  plants  are  tn  the  greatest 

specific  distinctions,  not  beinir  so  stroogif  marked  as  probably  to  be  explained  by  the  trauspoT- 

irjyb,"^7.^ufii::St.TJt5TJ.''S,'rbi  ^*^ °'*!^ from  one  sho«  to  «»otheir 

■er  6own  as  ofthe  same  species,  when  &ert  is  really  '^3^  ^eaUS  of  ClUTents  in  the  lUter-tropiCai 

coiu  minute  difference  between  them.  '  seas.  Mr.  Brown  remarked  that  most  ol 
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those  plants  in  the  African  coflecUon  ing  a  soil  and  climate  suitable  for  their 

which  are  also  natives  of  other  countries,  gtowth.    We  have  also  seen  that  when 

were  seen  only  on  the  lower  parts  of  the  the  same  species  are  observed  to  exist  in 

nvcr  Zaire,  where  thev  bear  but  a  small  countries  widely  separated,  the  cmxum- 

f^rj^^""  IM^""  whole  vegetation ;  and  stances  generally  are  such  as  authorise 

that  most  of  the  dicotyledonous  species  us  to  infer  that  they  were  dispersed  from 

are  such  as  produce  seeds  capable  of  re-  one  point.    The  ohly  hypotfiesis  which 

taming  the  germ  of  hfe  dunng  a  long  remains,  and  wliich  »  i^^cileable  with 

immersion  m  the  waters  of  the  ocean.  all  the  phenomena  observed,  is,  that  the 

It  wiU  be  proper  m  this  place  to  men-  veMtable  creation  was  orieinallv   di- 

tion  the  phenomena  belonging  to  the  ve-  vided  mto  different  province^  and  that 

getation  of  islands.    In  smaU  islands  the  each  country  (probably  each  prindnal 

most  remote  from  contments  the  species  range   of  mountains)  had  its  pecuBai 

of  plants  are  very  few,  and  sometimes  tribes  which,  at  first,  existed  nowhere 

qmte  pecuhar.      Thus  m  Kerguelen's  else.  This  conclusion  is  strengthened  by 

land,  or  the  island  of  Desolation,  when  the  circumstance   of  particSor  plants 

visited  by  Captain  Cook,  the  whole  flora  having  an  entirely  locS^and  insulated 

was  found  to  contam   only  16  or  18  existence.growingnaturallyon  some  par- 

plants,  all  of  which  were  considered  to  ticular  mountain,  and  nowhere  else.  The 

be  peculiar  to  the  island.    Not  a  shrub  cedar  of  Lebanon  is  one  amone  severid 

was  seen  in  the  whole  country.    The  examples  of  plants  of  this  description. 

flora  of  islands,  as  far  as  it  is  n6t  pecu-  Such  instances  alone  might  be  deemed 

bar  to  them,  generally  consists  of  the  conclusive  in  favour  of  thehypothesis  for 

same  species  which  grow  on  the  nearest  which  we  have  been  arguing 

main    lands.      The    different    groups  o»  the  distribution  0/ Animals^their 

"^w^u  r"  i^L^^^A  Southern  JOcean       original   dispersion   fronTdisHnct 
which  hes  between  America  and  East-       centres  o^isunci 

crn  Asia   serve  as  an  example  ;   the  In  the  as^nt  from  the  vegetable  to  the 

easternmost  wlands  contain  more  plants  animal  world,  and  from  oSe  «mk  erf  luu! 

wSirn?'?^;;^'^'^.^^  species,  and  the  mal  existence  to  another,  the  most  «C 

western,  of  those  Ijibes  iiecuhar  to  India,  rable  order  is  manifest.  We  are  not  sur- 

Islands  placed  m  the  neighbourhood  of  priced  by  sudden  steps  or  encountered  by 

^LT*' M^Luo^r^  V^^^^  violent  contrasts;  aTevident  conSon 

of  both.    Malta  ana  Sicily  have  plants  pervades  the  whde ;  and  though  there  is 

which  belong  toEm^iMj.  and  0^^^^  •  ^wt  divewitywhen  we  cSrllhe 

AfricajstocT^    The  vegetation  of  the  meanest  specimen  of  oiganirKthi'te 

£lSf  ^\1^^  ''^r*?  n    ^"*«!?^»*«  most  perfect  and  majStic  for,^    yS 

l^tween  the  flora  of  the  Canary  isles  and  between  the  two  an  harmonio™  chSi 

^''V^^  ^5?«^V^K       •  *  ^      ^  may  be  traced,  and  we  pass  from  one 

^   TJe  facts  winch  have  been  introduced  extreme  to  the  other  by  a  regular  and 

m  the  course  of  this  inquiry  forbid  us  to  scarcely  peitjeptible  graSation.*^ 
adopt  the  hypothesis  of  LinnsBUs,  which       The  lowest  class  is  that  of  the  zoo^ 

considers  all  plants  to  have  originated  phytes  (plant  animals),  which  raise  up 

from  one  common  centre.    The  propa-  the  coral  islands  spoken  of  in  a  forme? 

gahon  of  the  several  tribes  of  plants  h^a  part  of  this  treatisV.    They  may  be  re- 

certainlv  taken  place  from  a  number  of  go^ed  as  confused  massii  of  beings, 

differenl  points ;  smce.  of  various  parts  gone  of  them  endued  with  a  separate 

of  the  world,  separated  bv  vast  distances,  ufe.    Nevertheless,  there  is  realSn   to 

^ii^^'^^^nLTiA  Sf^^^"'  ^V"  ^^  observations  of  Mm! 

great  measure  pecuhar  to  itself.     The  p^n  and  Lesueur,  that  each  description 

third  hypothesis  to  which  we  aUuded  is  of  zoophyte  has  its  place  of  resicfence 

equally  untenable;  since  it  is  seen  that  determined  by  the  temperature  requisite 

plants  are  confined  to  parbcular  tracts,  for  its  support.    The  molluscce,  whether 

tolltheur  seeds  are  conveyed  elsewhere,  naked  or  covered  with  shells  (/fi»/ac«n«)* 

Numerous  m^anoes  have  occurred  m  possess  each  an  individual  existence,  and 

which  plants  by  transportation  have  ac-  of  these  it  is  unquestionable  that  diifer- 

quired  a  new  country,  and  there  become  ent  si)ecies  belong  to  different  countries, 

abundant ;  a  stnking  exwnple  of  this  The  pearl  oyster  arrives  at  periecUon 

kind  is  the  dispersion  of  the  Ertgeron  only  in  the  equatorial  seas. 
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Jnaets  ax«  ibe  next  in  the  scale  of  short  heats  of  sommefr  give  Inrtb  to 
animal  existence.    In  the  midst  of  the  swama  of  gnats  of  another  species. 
exuberant  Tegetation  of  the  torrid  zone.  With  respect  to  flihee,  it  is  probabk 
the  largest  and  the  most  snlendid  of  that  every  basin  of  the  ocean   has  its 
these  tribes  ai«  to  be  seen ;  ttie  butter-  particular  tribes ;  while,  indeed,  the  re- 
flies  of  Africa,  of  the  East  Indies,  and  of  gions    which   some   inhabit    are    well 
America,  axe  adorned  ¥dth  the  most  known.    Thus  the  ood,  whieh  are  distiv 
briUiant  odours;  and  in  the  tropical  buted  over  aU  the  northern  seas  between 
forests,  especially  those  of  South  Ame-  Europe  and  America,  congregate  chi^y 
rioa,  minions  of  shimng  flies  present  at  upon  the  mat  sand-banks  to  the  south- 
night  almost  the  appearance  of  an  ex*  east  of  Newfoundland.    The  most  re- 
tensive  conflagration.     In  these  coun-  markable  species  of  fish  are  met  with  in 
tries  some  races  of  insects  exist  in  such  the  torrid  sone  and  its  vicinity.    The 
multitudes,  and  are  armed  with  such  de-  flying  fish  hardly  extends  to  any  part  of 
structive  or  venomous  qualities,  as  to  the  ocean  so  high  as  the  40th  pojidlel : 
enable  them  to  lay  waste   the  fruits  but  in  the  voyage  to  America,  hundreds 
of  the  earth   through  laige  tracts  of  of  them  are  seen  by  nav^^ors  after 
country,  or  to  become  a  source  of  the  passing   the    tropic   of   Cancer.      The 
most  seripus  personal  annoyance   and  lars^t  and  most  powextuV  o(  those  fish 
discomfort  to  man.      The  white  ants  which  possess  electrical  properties,  also 
(tfirmi^)  raise  lofty  hillocks  ;  and  where  live  within  the  torrid  zone.    The  Medi- 
they  much  abound,  have  been  known  to  terranean  contains  four  spedes  of  elec- 
excavate  the  soil  to  such  a  degree,  as  to  trical  torpedoes ;  but  the  shocks  which 
endanger  the  safety  of  houses  which  hap-  they  communicate  cannot  be  compared 
pen  to  stand  above  Uie  seat  of  their  ope>-  in  violence  to  those  of  the  gymnoti 
rations.    Thev  devour  paper  and  parch-  (electric  eels),  which  inhabit  several  of 
ment  so  rapimy,  that  whole  provinces  of  the  rivers,  and  also  the  stagnant  pools. 
Spanish  America  (Humboldt    informs  in  the  llanos  of  South  America.    AH 
us)  do  not  afford  one  written  document  the  inhabitants  of  the  waters  dread  the 
that  dates  a  hundred  years  back.    The  society  of  these  animals.    It  is  rdated 
mosquitoes  and  oJ[har  species  of  the  fa-  that,  some  years  ago,  it  became  neces- 
mily  of  tiptiUe  are  also  formidable  ene-  sary  to  change  the  directiun  of  a  road 
mies  to  the  human  race  in  these  climates,  near   Uritucu,  in  consequence  of  the 
Amidst  the  forests,  of  South  America,  number  of  mules  of  burden   annuaHj 
especifijlv  along  the  banks  of  particular  lost  in  for^ng  a  river  in  whkh  the  eeu 
rivers,  there  are  large  tracts  which  are  were  very  numerous.    The  temY>erafur8 
almost  uninhabitable,  owing  to  the  thick  of  the  waters  in  which  the  gymnoti  h  bi- 
swarms  of  these  insects  and  the  unceas*  tuaUy  live,  is  from  78  to  80  detrrees: 
ing  torment  which  they  occasion.    The  their  electric  force  is  said  to  diminish  in 
lower  strata  of  air  to  the  height  of  nearly  colder  waters. 

20  feet  from  the  ground  are  sometimes  The  seas  of  the  warm  re^ons  contain 
so  filled  with  them  as  to  give  the  appear-  the  shark,  which  is  noted  for  its  extreme 
ance  of  a  condensed  vapour.  During  ferocity ;  but  the  most  enormous  in  size 
the  day,  the  atmosphere  teems  with  the  are  the  whale  tribes,  which  belong  more 
mosquitoes,  which  are  small  venomous  particularly  to  the  lugh  latitudes, 
flies ;  these  are  succeeded,  at  night,  by  a  The  migration  of  fishes  seems  to  be 
species  of  gnats  called  zancudoes.  The  occasioned  by  their  seeking  for  shaUow 
distribution  of  these  insects  is  very  re-  water,  in  oraer  to  deposit  th^  spawn, 
inarkable,  and  frequently  depends  on  The  herrings,  which  are  supposed  to 
local  circumstances  which  cannot  be  come  from  the  bottom  of  the  Arctic 
explained.  The3r  are,  in  ^neral,  found  Ocean,  i)roceed  every  year  to  tlie  coasU 
to  shun  those  rivers  which  have  what  of  the  British  islands,  Norwav,  Sweden, 
the  Spaniards  call  black  waters  fagtuig  Denmark,  Holland,  and  the  United 
negrcutj,  and  also  dry  and  unwooded  States ;  and  also  to  those  of  Kamtchatki 
spots.  They  swarm  most  upon  the  and  the  neighbouring  islands.  The  opi- 
banks  of  rivers,  and  they  nearly  dis-  nion  is,  that  theh  mnumerable  shoals 
appear  where  the  elevation  of  the  ground  follow  the  direction  of  the  chfldns  of  sub- 
exceeds  two  or  three  thousand  feet  above  marine  banks  and  rocks  whkh  they 
the  sea*.  The  annoyance  occasioned  by  meet  with  in  their  progresa  Tunnicf 
insects  of  this  description  is  not  confined  also  migrate  regularly  every  jear  from  the 
to  the  torrid  zone ;  for  even  in  the  Arctic  AtUmtic  Ocean  to  the  Mediterraneaa 
regions  of  Greenland  and  Lapland,  the  The  hot  regions  of  the  globe,  and 
ua  mbo  idt'B  Perxmai  Narradre,  roi.  v.,  p.  06—116.  those  of  America  in  particular,  contain 
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the  largest  and  the  most  venomOYU  of  birds,  amons:  which  are  the  9iri*  Lap^ 
the  order  of  fvpltte,  includinj^  the  rattle-  ponicu$  (Lapland  owl),  and  the  an<u 
snake,  and  several  other  kinds  armed  moUisiima  (eider  duck),  which  frequents 
with  deadly  poisons ;  and  the  boa  con-  the  shores  of  the  Arctic  seas,  and  from 
stricter,  which  destroys  even  the  jB;reat  whose  nests  the  eider-down  is  obtained, 
quadrupeds  by  the  force  with  which  it  The  several  species  of  tea-birdi  do  not 
ooils  round  their  bodies.    Here,  too,  the  wander  beyond  certain  limits  assigned 
lizard  tribe,  under  the  various  names  of  to  each.    The  albatross  is  seen  flitting 
crocodiles,  gavials,  alligators,  and  cay-  along  the  surface  of  the  waves,  as  we 
mans,  attain  to  an  immense   growth,  amiroaoh  the  40th  parallel  of  latitude. 
The  lareest  is  the  crocodile  of  tt^  river  The  sea-swallows  and  the  tropioal  birds 
Nile,  which  measures,  when  full  grown,  keep  within  the  torrid  xone.    The  pen- 
even  thirty  feet  in  length.  It  is  worthy  of  guin  of  the  Northern  differs  from  the 
remark,  that  the  dry  season  near  the  manchot  of  the  South  Seas, 
eauator  has  the  same  effi^t  upon  several  The   migration   of  birds   from  one 
of  the  reptile  race  as  the  cold  of  northern  country  to  another,  in  coxisequence  of 
countries :  in  South  America,  when  the  the  changes  of  the  seasons,  is  a  remark- 
swelling  of  the  rivers  subsides,  and  the  able  phenomenon*    The  direction  and 
surface  of  the  llanos  becomes  parched  extent  of  these  migrations  are  still,  in 
by  the  heat,  boas  and  crocodiles  bury  most  cases,  but  imperfectly  known.    On 
themselves  beneath  the  mud,  and  await,  the  approach  of  winter,  swallows,  storks 
in  a  state  of  lethaigy,  the  periodical  rains.  And  cranes  abandon  the  northern  coun- 
As  we  proceed  into  the  higher  latitudes,  tries  of  Europe  for  the  warmer  climates 
reptiles  diminish  both  in  number  and  of  the  south.    In  the  equinoctial  zone» 
magnitude,  and  are,  even  the  worst  of  which  is  nearly  of  the  same  warmtii 
them,  comparatively  harmlesa  during  the  whole  year,  the  variations  of 
With  respect  to  ftiVcb,  we  might  at  drought  and  humimty  appear  to  influence 
flrst  be  incUned  to  infer,  from  the  powers  the  habits  of  animals  in  the  same  maih 
of  locomotion  with  which  they  are  gifted,  per  as  the  great  changes  of  temperature 
that  the  existence  of  each  species  is  not  in  our  climates.     In  South  Americay 
hmited  to  a  certain  r^on ;  and  it  is  when  the  Oroonoko  begins  to  swell  with 
true  that  some  of  them,  including  several  the  rains,  an  innumerable  ouantity  of 
of  the  vulture  tribe,  sprc^ui  themselves  dueks  remove  frtim  eight  and  thrse  do- 
almost  over  the  whole  world.    But  it  grees  of  north,  to  one  and  four  degrees 
appears  to  be  generally  the  case,  that  of  south  latitude,  toward  the  south-south- 
piuticular  kin£  are  confined  to  a  very  east    These  birds  quit  the  valley  of  the 
small  ran^,    especially  such  as  have  Oroonoko  at  this  period,  doubtless  be- 
heavy  bodies  and  weak  powers  of  flight,  cause  the  increasing  depth  of  the  waters 
Even  the  condor,  which  fk'equently  soars  and  the  inundations  of  the  shores  pre* 
at  an  elevation  of  four  miles,  never  fbr-  vent  them  from  catching  fish  and  insects, 
sakes  the  chain  of  the  Cordilleras  of  In  the  month  of  Septonber,  when  the 
Peru  and  of  Mexico;    and  the  great  Oroonoko  decreases  and  retreats  within 
eagle  does  not  auit  Uie  ridges  of  the  its  bed,  they  return  from  the  Amazon 
Alps.    The  tonria  zone  possesses  a  va-  and  the  Bio  Branoo  towards  the  north« 
riety  of  the  most  beautiflil  birds,  in-  The  southern  coasts  of  the  West  India 
cluoing  the  humming-bird  of  America,  islands  also  receive  every  year,  i^  the 
the  cockatoos,  the  bird  of  Paradise,  the  season  of  the  inundations  of  the  great 
Lories,  and  several  others  of  the  parrot  rivers  of  terra  firma  (the  continent), 
genus.    The  bird  of  Paradise  is  never  numerous  fUghts  of  the  fishing  birds  oi 
met  with  beyond  New  Guinea  and  the  the  Oroonoko,    and    of   its    tributary 
neighbouring  islands.    Tarrots,  in  the  streams.    It  is  in  obedience  to  a  similav 
New  World,  are  seen  as  high  north  as  instinot,  that,  during  the  heats  of  sum- 
the  35th  degree ;  but  on  9ie  old  con-  mer,   the   humming-birds   advance  in 
tinent,  they  do  not  appear  to  reach  far-  pursuit   of  insects   into  the  northern 
ther  than  the  28th  pamlel.   Of  the  birds  parts  of  the  United  States,  and  even 
which  cannot  fly,  each  equatorial  region  mto  Canada. 

insulated  by  the  ocean  has  its  partKular  Quaebrupedi  are  an  order  of  animals 

kinds.  The  ostrich  of  Africa  and  Arabia,  more  peneotly  organised  than  any  of 

the  cassowary  of  Java  and  of  New  Hoi-  those  wUch  have  been  under  considenir 

land,andtheBrazllianostrich,aredistinct  tion;  while,  as  they  are  in  many  iur 

species,  jKMsessing  a  general  similarity  stances    immediately    oonnected    with 

of  orgamsation.  man,  and  altogether  oome  more  under 

The  frozen  zone  has  its  own  kind*  of  lis  obairauice,  their  distribution pr^ 
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gents  a  more  ample  subject  for  investi-  seen,  followed  by  their  colts,  swimming, 

gation.    The  hot  regions  towards  the  during  a  part  of  the  day,  to  feed  upon 

equator  furnish  this  order  in  the  ut-  the  grass,  the  tops  of  wmch  alone  wave 

most  number  and  variety ;  and  many  of  above  the  waters.    In  this  state  they  are 

its  tribes  are  there  distinguished   for  pursued  by  the  crocodiles ;  and  it  is  by 

their  size,  their  amazing  strength,  or  no  means  uncommon  to  find  the  prints 

die  ferocity  of  their  dispositions.    The  of  the  teeth  of  these  carnivorous  r^tiles 

lion,  the  tiger,  the  elephant,  the  rhino-  on  their  thighs. 

ceros,  the  hippopotamus,  the  panther,  **  We  cannot  reflect,"  he  proceeds, 
the  leopard,  the  hyaena,  and  the  came-  "  on  the  effects  of  these  inundations, 
lopard,  are  all  inhabitants  of  the  torrid  without  admiring  the  prodigious  plia- 
zone  and  its  vicinity.    In  the  temperate  bility  of  the  orgimisation  of  the  animals 
regions,  the  animals  are  of  much  smaller  that  man  has  subiected  to  his  sway.    In 
dimensions ;  and  the  only  beasts  of  prey  Greenland,  the  dog  eats  the  refiise  of 
are  the  wolf,  the  bear,  the  lynx,  and  the  the  fisheries ;   and,  when  fish  are  want- 
wild  boar;  but  there  the  domestic  tribes  ing,  feeds  on  sea-weed    The  ass  and 
are  reared  in  all  their  perfection.    The  the  horse,  ori^nally  natives  of  the  cold 
white  or  Polar  bear,  which  is  quite  dif-  and  barren  plains  cii  Upper  Asa,  follow 
ferent  from  the  common  bear  and  much  man  to  the  New  World,  return  to  the 
more  fomudable,  inhabits  the  coasts  of  savage  state,  and  lead  a  restless  and 
the  Arctic  Ocean ;  so  that,  under  both  painM  life  in  the  burning  climate  of  the 
extremes  of  temperature,   the  animal  tropics.    Pressed,  alternately,  by  excess 
creation  assumes  a   character  of   ex-  of  drought  and  of  humidity,  they  some- 
cessive  ferocity.  times  seek  a  pool  in  the  midst  of  a  bare 
The  domestic  animals  have  been  con-  and  dusty  sod,  to  quench  their  thirst ; 
yeyed  by  man  to  various  parts  of  the  and  at  other  times  nee  from  water,  and 
world,  and  are  therefore  very  widely  the  overflowing  rivers,  as  menaced  by 
dispersed.    Under  this  title  are  included  tfn  enemy  that  encounters  them  on  evenr 
the  dog,  the  cow,"  the  sheep,  the  goat,  side.    Harassed  during  the  day  by  gad- 
the  horse,  the  ass,  the  pig,  and  the  cat  flies  and  mosquitoes,  tne  horses,  mules, 
Humboldt  states  (contrary  to  what  has  and  cows  find  themselves  attacked  at 
been  supposed  by  some),  that  the  cows  night  by  enormous  bats*,  that  fttsten  on 
in  the  equinoctial  parts  of  South  America  tlieir  tracks,  and  cause  wounds   which 
will  yield  as  rich  a  milk  as  in  temperate  become    dangerous    because  they   are 
countries.    The  ass  is  not  capable  of  filled  with  acaridae,  and  other  hurtful  in- 
enduring  cold  so  well  as  others  of  the  sects.    In  the  time  of  ereat  drought,  the 
domestic  races :   when  beheld  in  the  mules  gnaw  even  the  momy  melocactus 
northern  regions  of  £urope,  he  is  quite  (melon-thistle),  in  order  to  drink    its 
a  degenerate  animal ;  south  of  the  40th  cooling  juice ;  and  draw  it  forth  as  from 
panuld  of  latitude,  under  the  influence  a  vegetable  fountain.    During  the  great 
of  a  more   genial  climate  and  better  inundations,  these  same  animals  lewi  an 
treatment,  he  is  large,  hvely,  and  docila  amphibious  life,  surrounded  by  croco- 
The  horse,  originally  a  native  of  the  cen-  diles,    water-serpents,    and    manatees, 
tral  parts  of  the  old  continent,  is  now  Yet,  such  are  the  immutable  laws  of 
spread  from  the  confines  of  the  Arctic  Nature,  their  races  are  preserved  in  the 
Circle  to  beyond  the  50th  decree  of  struggle  with  the  dements,  and  amid  so 
Boutli  latitude.     It  exists  as  lugh  as  many  sufferii^  and    dangers.    When 
Norway  and  Iceland,  where  it  is  small  the  waters  retire,  and  the  rivers  return 
and  of  a  peculiar  variety,  and  extends  into  their  beds,  the  savannah  is  spread 
even  into  the  desolate  regions  of  Pata-  over  with  a  fine  odoriferous  grass ;    and 
^nia.     This    animal  was    introduced  the  animals  of  old  Europe  and  Upper 
mto  South  America  by  the  Spaniards,  Asia  seem  to  enjoy,  as  in  their  native  di- 
in  their  early  visits  to  that  continent ;  mate,  the  renewed  vegetation  of  spring." 
it  has  since  greatly  multiplied,  and  im-  It  has  been  observed  by  Buffon,  that 
mense  herds  now  rove  wild  over  the  the  lai^est   quadrupeds,    such  as  the 
llanos.     The  existence  of  these  crea-  elephant,  the  rhinoceros,  the  luppopo- 
tures    is  exposed  to  the  most  severe  tamus,    the    camelopard,    the    camd, 
sufferings.    **  In  the  rainy  season,'*  says  and  most  of  the  ox  kind,  are  possessed 
M.  Humboldt,  "  the  horses  that  wander  exclusively    by    the    old    world.       In 
in  the  savannah,  and  have  not  time  to  America,  the  fossil  remains  of    some 

reach  the  raing  grounds    of  the  llanos,         •  in  Br««l,  in  the  prorince  of  Ciar*.  the  b.to 

Sensh    by    hundreds    amidst    the    over-     canae  such  destractioa  among  tke  cowt,  thjtt  rick 
owings  of  the  rivew.    The  mares  9xe    aSaIo^S^^SST  ^^  '*'"  *^  **  sometime.  i«* 
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large  animals  have'  been   discovered ;  each  other  by  the  sea.    These  are  the 

but  of  living  species,  there  are  very  few  intertropical  parts  of  Africa— of  Ame- 

of  considerable  bulk.    It  has  also  been  rica— and  of  continental  India.    Each  of 

remarked,  that  the  tribes  which  are  the  the  three  tracts  in  question  has  a  distinct 

most  powerful  and  perfect  in  their  struo-  nation  of  quadrupeds.    The  Indian  ides, 

ture  belong  chiefly  to  the  old  world ;  particularly  the   Sunda  and    Molucca 

those  of  the  new  having,  in  ^neral,  a  islands,  may  also  be  considered  as  a  se^ 

character  of  organisation  which  assigns  parate  region. 

them  a  lower  rank  in  the  scale  of  ani-  Beyond  the  Indian  Archipelago  is  Pa- 
mated  beings.  Such  carnivorous  ani-  pua,  under  which  name  it  is  usual  to 
mals,  for  example,  as  have  the  greatest  include  New  Guinea,  New  Britain,  and 
vigour  and  courage  (among  which  are  New  Ireland.  These  countries,  with  the 
the  lion,  the  ti^r,  and  the  hyaena)  are  islands  which  are  formed  by  a  continua- 
conflned  to  Asia  and  Africa.  The  Am&-  tion  of  their  mountain  chains,  namelv, 
rican  tribes  which  approach  most  nearly  the  arcMpelago  of  Solomon's  Islands, 
to  these,  are,  in  general,  much  more  Louisiade,  ajid  the  New  Hebrides,  to- 
gentle  and  feeble  than  the  African  and  gether  with  tiie  more  remote  groups  in 
Asiatic  species.  It  must  be  admitted,  the  great  Southern  ocean,  may  be  re- 
however,  that  Buffon's  assertion  respect-  garded  as  one  zoological  province.  It  is 
ing  the  cowardice  of  the  fehne  race  of  remarked,  that  all  this  extensive  region 
America  must  be  taken  with  some  limi-  seems  almost  wholly  destitute  of  native 
tation :  for  it  appears  that  the  jaguar  will  warm-blooded  quadrupeds,  except  a  few 
sometimes  attack  men ;  and,  when  as-  species  of  bats,  and  some  small  domestic 
sailed  by  armed  numbers,  he  has  been  animals  in  the  possession  of  the  natives, 
known  to  offer  an  obstinate  resistance.  The  large  region  of  Australia  forms 
The  swiftest,  as  well  as  the  most  grace-  another  zoologi^  province,  in  which  are 
ful  and  beautiful  quadrupeds  (the  ant&-  contained  many  indigenous  tribes  of  a 
lopes,  for  example)  also  cniefly  belong  to  very  singular  description;  and,  lastly, 
the  old  continent ;  while  those  kinds  wmch  the  southern  extremities  of  America  and 
are  the  most  useful  to  man,  including  Africa  are  each  distinguis^ied  by  the  pos- 
the  goat,  the  horse,  the  ox,  and  the  ass,  session  of  peculiar  races, 
were  unknown  in  America  till  their  in-  Of  these  several  provinces,  into  which 
troduction  into  that  country  by  the  theanimal  world  amnits  of  division,  none 
Spaniards.  is  peopled  with  so  remarkable  a  stock  of 

Confining  our  view  to  wild  animals,  animals  as  Australia,  including,  under 

we  may  divide  the  earth  into  a  number  that  designation.  New  HoUand,  and  the 

of  zoological  regions  or  provinces,  each  adjacent  islands  to  the  -southward.     It 

of  which  is  the  residence  of  a  distinct  set  possesses  several  entire  genera  of  quad- 

of  quadrupeds*.  nrpeds  which  have  been  discovered  in  no 

The  first  of  these  provinces,  if   we  other  part  of  the  world ;  and  it  further 

commence  from  the  north,  is  the  Arctic  deserves  notice,  that  most  of  the  tribes 

region,  which  contains  the  white  bear,  peculiar  to  New  Holland,  though  on  the 

the  rein-deer,  the  Arctic  fox,  and  other  whole  very  different  from  each  other, 

tribes  common  to  both  of  the  great  con-  have  some  striking  characters  of  oi^ani- 

tinents.   The  circumstance  of  weir  being  sation  common  to  all.  It  was  assumed  by 

common  to  both  continents,  is  accounted  Linnaeus,  that  the  great  class  of  warm- 

for  by  the  communication  which,  during  blooded  quadrupeds  was,  without  excep- 

winter,  is  established  between  the  shores  tion,  viviparous  and  mammiferous— two 

of  Asia  and  America  by  means  of  the  tenns,  the  first  of  whu;h  denotes  their 

ice,  over  which  a  passage  from  one  to  the  production  of  their  oflspring  in  a  living 

other  becomes  practicable  to  such  ani-  and  perfect  state ;  and  the  second,  their 

mals  as  are  fitted  to  endure  the  intense  being  supplied  with  or]gans  for  suckling 

cold  of  the  circumpolar  countries.  their  young.    On  this  latter  account,  it 

"Hie  northern  temperate  zone  is  divided  received  the  name  of  mammalia,  by  wluch 

by  the  ocean  into  two  great  districts,  it  is  known  among  naturalists    It  ap- 

Tiie  same  tribes  are  found  to  be  spread  pears,  however,  that,  in  New  Holland,  a 

from  the  western  to  the  eastern  narts  of  tribe  of  warm-blooded  animals  has  been 

the  old  continent ;  but  the  quadrupeds  discovered,  to  which' that  name  is  not  ap- 

which  inhabit  the  temperate  climate  of  plicable,  because  it  is  oviparous  (that  u, 

America  are  peculiar  races.  produces  eggs),  and  is  therefore  unpro- 

The  equatonal  region  contains  three  vided   with  oipuis  of  the   description 

extensive  tracts,  widely  separated  from  above-mention^    This  curious  tribe  is, 

•  See  Dr.  Prichaid's  work,  befora  neationed.  as  for  as  ooT  present  knowledge  extends 


t 
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quite  confined  to  New  Holland.  Another    animal  ereation  of  this  T^on  aa 
X«markable  tribe  is  the  mar^agrao/,  which    character  almost   as  peculiar   4»     ^um 
term  comprises  such  as  produce  their  which  is  displayed  by  its  vefi:etation.     Of 
young  in  an  immature  state,and  keep  them  the  order  termed  Mammaha,  Scmthem 
for  a  time  attached  to  their  bodies,  chiefly  Africa  contains  several  peculiar  genera, 
f n  abdominal  bag9  or  pouches,  ^ven  them  which  occupy  various  distances  towards 
by  nature  for  that  purpose.  This  tribe  also    the  north,  according  to  the  degn&  to 
is  met  with  principally  in  New  Holland,  which  they  are  capable  of  cndtoii^  a  b  ot 
One  genus  of  it,  mdeed,  the  opossiun  or    climate.    In  many  instances  the  aaiiM 
didelphis,  is  peculiar  to  the  warm  parts  of   genera  are  found  in  this  region  as  in  tem- 
America,  and  some  species  of  phaJangers  perate  countries  nosth  of  the  equator  • 
are  seen  in  the  Moluccas ;  but  over  the    but  it  is  partioulaxly  to  be  observed,  that 
Australian  regions  there  are  distributed  the  soutnem  epeaes   differ  fixxn    (he 
several  genera  of  the  marsupial  order,  northera    Thus  the  quaega,  the  zebrm, 
comprehending  more  than  40   species,  and  some  others  of  the  norse  kind,  an- 
Among  these  are  the  wombat,  the  kanga-  swer  to  the  aas  and  the  pggettd  of  Asm, 
roo-rat,  the  kangaroos,  and  the  dasyuri  From  the  southern  tropic  to  the  Cape  of 
or  Australian  opossums.  Good  Hope,   the   contincint  of  Africa 
The  didelphLs,  or  American  opossom,  stretches  into  fine  levd  plains,  overwhioli 
differs  from  the  Australian  opossum  in  roam  a  great  diversity  of  hoofed  quadra- 
several  respects ;   one  of  which  is  the  peds.    Besides  five  of  the  horae  genus, 
having  a  long  prehensile  or  muscular  there  are  also  peeuliar  spedes  of  riunooe- 
tail,  which  serves  as  a  fifth  limb,  and  is  ros.  of  the  hog  and  the  hyrax ;  and  amoqg 
of  great  use  to  animals  which  inhabit  ruminating  animals,  the  girafib  or  came* 
forests  so  extensive  and  lofty  as  those  of  lopard,  th«  Cape  buffiilo,  and  several  le- 
Guyana*.    In  the  same  part  of  America  markable  antelopes,  as  the  spring^MdCt 
there  are  other  animals  which  resemble  the  zaou,  the  leucophee,  and  others, 
the  opossum  in  this  respect;  these  are        The  animals  of  the  Indian  Ardiipdaso 
the  sapajous,  a  numerous  tribe  of  mon-  have  in  some  respects  a  different  charactar 
keys,  the  antrcaters,  the  kinkajou,  and  from  those  of  continental  India,  and  «k 
the  hystrix  prehensilis  (prehensile  porcu  proach  towards  those  of  Africa.  The  Sun- 
pine).    Herein  we  behokl   striking  in-  daislesaresaidtocontamahippopotamui 
stances  of  the  structure  of  animals  being  — an  animal  which  does  not  exist  in  the 
fitted  to  the  nature  of  the  country  in  rivers  of  Asia,    TherVunoceTOsof  Suma- 
which  they  reside.      The   monkeys  of  tra  resembles  the  African  more  than  the 
Africa  and  of  India  are  distinguished  by  Indian  species,  but  is  spedficaHy  dilf^ent 
no  such  peculiarity,  for  in  those  parts  of  from  both.    It  is  the  same  with  the  cro- 
the  world  it  is  not  requisite.  codile  tribe,  which  is  divided  into  three 
We  have  already  mentioned  that  the  sub-genera,  the  crocodile  proper,  the  afli- 
new  continent  is,    compared  with   the  gator  or  cayman,  and  the  gavial    Hie 
old,  nearly  destitute  of  the  most  power-  alligator  belongs  to  America— the  gavial 
fill  and  perfect  tribes  of  quadrupeds.    In  inhabits  the  Gkmges,  and  probably  other 
their  place  are  found  most  of  those  sin-  rivers  in  continental  India— <rfthe  croco- 
gular  races,  m  the  formation  of  which  the  dile  proper  there  axe  six  spedes,  of  which 
ordinary  rules  of  nature  seem  most  wide-  some  belong  to  Africa,  otiiers  to  the  isles 
ly  to  have  been  rehnqmshed.    Such  are  of  the  Indian  ocean,  and  one  is  said  to 
tiie  faibes  which  Cuvier  has    termed  have  been  discovered  in  tiie  West  Indiea 
Edentes,  or  quadrupeds  defective  with  Among  flying  quadrupeds,  the  firing  ma- 
respect  to  tMUi,  sorne  of  them  bein^  en-  cauco  or  lemur,  is  seen  only  in  tlie  iSands 
tirely  destitute  of  those  oiwms.     Thaa  of  tiie  Indian  ocean ;  two  species  of  flying 
America  t5ontains  the  whole  femily  of  squirrel,  and  two  remarkable  genera  5 
sloths,  the  ant-eaters,  which  are  quite  the  femily  of  bats,  also  reside  there;  be- 
unprovided  with  teeth,  and  the  armadil-  sides  which  some  of  the  flying  phalansera 
loes,  which  have  grinding  teeth,  but  no  are  supposed  to  bdong  to  the  Moluc^ 

*"?fe^^ttm§^«Vu        .^  It  wit  be  pixjper,  in  the  next  place,  to 

mat  part  of  Southern  Afiica  which  inquire  more  particularly  into  ttie  maa» 

extends  beyond  the  tropic  of  Capricorn,  ner  in  which  the  most  nmnerous  families 

forms  qmte  a  distinct  zoological  prorinoe,  of  quadrupeds  are  distributed  over  diffcr- 

jeparated  as  it  is  by  the  intervention  of  the  ent  parts  of  the  world.    In  this  enume- 

torna  lone,  from  the  milder  cUmates  ration,  it  is  of  course  not  intended  to  in-" 

north  of  the  equator.    Accordingly  tiie  dude  those  animals  whush  man  haa  been 

•  The  phnUnr^ra  of  AuatraUa  and  the  Molaceai  *^®  means  Of  conveying  from  One  COUntlY 

k.y.th,prehenA.t«n.  ^^"~-  to  another,  whence  th?  same  species  have 
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in  some  instances  beooms  scattered  over  (arctic  to)  is  found  at  Spitzbei^n,  and 

the  most  distant  parts  of  the  earth.  ma^  be  txaced  through  the   norUi  of 

Most  of  those  animals  which  LinnsBus  Asm  to  Kamtchatka,  and  tilience  to  the 

comprised  in  his  order  Primaiei,  inhabit  shores  of  America,  Hudson's  Bay,  and 

warm  or  temperate  dimates.    The  two  Greenland.    The  wolf  and  the  iycaon 

grand  divisions  of  this  order  are  the  bat  (black  fox)  are  also  oonmion  to  all  the 

and  tbs  monkey  tribes.    The  latter  has  arctic  countries.    Others  of  the  do^-kind 

been  subdivided    by  Cuvier  into  two  require  a  warm  or  a  temperate  chmate, 

chief  branches,  very  different  from  each  and  these  oocupy  a  limited  space  either 

other — the  shnin  proper,  which  are  co»>  in  Asia,  in  Africa,  or  in  America.    The 

fined  to  the  old  continent  ~  and  the  sapar-  dog  of  the  Falkland  islands  {cants  aniare- 

Jous,  which   are  peculiar  to  Amenca.  ticuti),  which  was  the  only  Quadruped 

The  African  simise  are  distinguished  from  discovered  there,  has  by  some  been  con* 

the  Indian ;  and  most  of  weir  species  sidered  a  separate  species,  while  others 

are  limited  each  to  aconiparatively  small  have  held  it  to  be  the  same  as  a  species 

tract.    In  the  island  of  Madagascar,  no  which  inhabits  ChUL 

true  simifB  exist,  but  in  theur  place  are  The  pachydermatotis  (thick-skinned) 

the  makis,  a  tribe  of  lemurs.     Of  the  tribes,  hve  only  in  warm  or  temperate 

bat  tribe,  the  rousettes  or  ihigivorous  regions.      There  exist  two  species  of 

(fruiUeaiing)  bats,  inhabit  the  Indian  elephant,  the  Indian  and  the  African, 

archipelago  and  Australia,  and  thevam*  ()f  the  rhinoceros  there  are  several  spe- 

pyres,  or  blood-sucking  bats,  nine  species  cies,  but  none  of  them  are  ]^ossessed  in 

of  which  have  been  mentioned,  are  all  common  by  Asia  and  Africa.    Those 

¥^uliar  to  the  hot  parts  of  America,  vnth  two  horns  inhabit  southern  Africa, 

he  most  numerous  genus  of  bats  are  the  those  with  one  horn  belong  to  India  and 

vespertiliones ;   some  of  these  are  very  China,  and  to  some  of  the  islands  of  the 

extensively  dispersed,  but  this  is  not  the  Indian  Archipelago.     In  America,  the 

case  with  the  majority,  and  not  one  spe-  only  representative  of  these  large  pachy- 

cies  is   common  to  the  old  .ind  new  dermatous  animals  is  the  tapir.     The 

Continents.  hyrax  and  the  hog  tribes  do  not  extend 

The/0r<9,  or  carnivorous  quadrupeds  into  cold  climates ;  the  wild  boar,  which 

properly    so    termed,    are    extensively  ranges  further  towards  the  north  than 

spread,  although  most  of  them  belong  to  •  any  of  his  tribe,  is  sfyread  over  various 

hot  dhnates.    Of  the  twenty-eight  spe-  parts  of  Europe,  but  is  never  seen  to  the 

cies  of  the  cat  kind,  which  have  been  north  of  the  Baltic.    The  domestic  hog, 

enumerated,   not  one  is  the  same   in  since  its  introduction  into  America,  has 

America  and  in  the  Old  Continent ;  even  run  wild  and  Ibrmed  laige  herds  in  that 

the  lynx  of  Canada  is  now  believed  to  be  Continent. 

a  distinct  kind  from  the  European.    The  Among  ruminating  animals,  the  goat, 

African  species  are  generally  confined  to  the  antelope  *,  and  the  giratfe,  or  came- 

Africa,  lund  the  Indian  to  the  eastern  side  lopard,  are  limited  to  the  Old  Continent ; 

of  the  Indus.    The  tiger  is  found  only  in  but  of  sheep,  some  peculiar  species  are 

Asia,  extending  as  high  as  Chinese  Tar-  possessed  by  America,  as,  for  instance, 

tary ;  but  it  is  by  fisr  most  common  in  the  paco,  wnich  in  its  domestic  state  is 

Inma,  living   in  ravines   and  jungles,  called  bicunua  or  vigonia,  and  is  an  in- 

Africa,  altho\igh  destitute  of  tigers,  no»-  habitant  of  Peru.      The   camelopard, 

Besses  panthers  and  leopards.    The  lion  which  is  ^o  remarkable  for  its  height, 

is  most  formidable   in   Africa,   where  its  swan-like  neck,  and  its  gentie  dis]X)si- 

there  are  two  species,  the  Baibary  and  tion,  is  a  native  of  southern  Africa.    The 

the  Senegal ;  it  is  also  said  to  belong  to  antelope,  of  which  the  species  are  very 

India,  and  it  inhabits  those   parts  of  numerous,  is  almost  confined  to  Asia 

Arabia  and  Perna,  which  border  on  the  and  Africa,  none  of  them  being  found  in 

Tigris  and  Euphrates  from  the  Persian  Europe,  except   the  chamois   and  the 

Gulf  as  f&r  as  Bagdad.    The  Arabian  saiga.  They  inhabit  as  well  the  torrid  zone 

species  is  smaller  than  the  others,  and  the  as  those  parts  of  the  temperate  zones 

males  have  no  mane.    The  eouguor  or  which  are  not  very  remote  from  the  tro- 

pumOy  a  native  of  South  and  North  pios.     The  dromedary,  or  camel  vrith 

America,  which  is  sometimes  called  the  one  hump,  is  a  native  both  of  Africa  and 

American  lion,  is  a  very  different  animal  Asia ;    the    two-humped    or    Bactrian 

from  the  real  lion.    (H  the  dog  kind,  camd,  so  called  because  it  is  supposed 

several  species  endure  an  arctic  dimate,  , T" 

and  are  common  tott«  high  latitude,  rf  ,;,.? "truSTu^rilLr-^  tT^ 

botii  oontmenta.    The  iag€pu$  m  Moftt  taiope. 
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to  have  originaQy  come  from  Bactriana,        Having  now  stated  the  iaets  -wfakh 

belongs  to  much  more  northern  climates  relate  to  the  distribution  of  the  principal 

than  the  other:  it  lives  ii^the  Crimea  and  races  of  animals,  it  remains  only  to  in- 

in  central  Asia»  in  countries  where  the  ouire  what  inference  we  are  entitled  to 

winter  is  very  severe.    The  Uama,  or  oraw  concerning  the  manner  of  their 

guanaco,  which  has  been   named   by  original    dispersion    over    the     earth  : 

some  the  camel  df  the  New  World,  is  a  Aether  that  dispersion  took  place  irom 

widely  different  kind  from  either  of  the  a  single  spot,  or  whether,  as  m  the  case 

preceding.     The  musk  resides  in  the  of  the  ve^table  tribes,  it  commenoed 

mountains   of   Asia,   from  Cashmere,  from  a  vanety  of  distinct  centres, 
along  the  Altai,  to  the  mouth  of  the        The  local  existence   of  insects  is   so 

river  Ameer.    This  animal  is  not  seen  closely  connected  vnth  that  of  the  plants 

in  the  New  Continent,  although  there  which  not  only  yield  them  sustenance, 

are  tribes  which  bear  a  relation  to  it.  but  also,  in  many  instances,  furnish  their 

Some  species  of  the  deer  and  ox  inha-  only  place  of  abode,  that  we  m^t  at 

bit  very  cold  climates,  and  these  have  once  expect  to  find  the  same  laws  pre- 

passed  along  the  arctic  regions  from  one  vailing  m  the  dispersion  of  this  part  of 

continent  to  the  other.    Those  which  the  ammal  creation,  as  in  thai  of  the  ve- 

are  unable  to  support  such  severe  sea-  getable  tribes.    This  conjecture  has  been 

sons,  are  confinea  to  certain  local  tracts  confirmed  by  positive   researches.    M. 

in  either  continent.  Latreille,  by  wnomthe  subject  hasun- 

We  shall  conclude  our  inquiry  into  deigone  a  mil  investigation,  states,  that 

the  distribution  of  quadrupeds,  with  the  the  whole  or  the  greater  part  of  the 

mention  of  some  facts  respecting  the  de-  arachnides  and  insects   which  inhabit 

sciiption  of  animals  discovered  in  islands,  countries  of  sinular  soil  and  temperature. 

Small  islands  lying  at  a  great  distance  but  widely  distant  fkom  each  ouier,  con- 

from  continents    are  in  general  quite  sist  in  general  of  different  kinds.    All 

destitute  of  land  quadrupeds,  except  such  the  insects  and  arachnides  which  have 

as  appear  to  have  been  conveyed  to  them  been  brought  from  the  eastern  parts  of 

by  men.    Kerguelen's  Land,  the  islands  Asia,  under  whatever  latitude,  are  dis- 

of  Juan  Fernandez,  the  Gallapagos,  &c.,  tinct  from  those  of  Europe  and  of  AMca. 

are  instances  of  this  fact.    Among  all  It  further  appears,  that  with  insects,  as 

the*  fertile  groups  in  the  Pacific  Ocean,  with  plants,  where  the  species  are  difSsT- 

dogs,  rats,  hogs,  and  a  few  bats,  are  the  ent,  tne  genera  axe  nevertheless  often 

only  auadrupeds  which  have  been  seen,  the  same.    In  this  manner,  the  entomo- 

The   Indian  isles    near  New   Guinea,  logy  of  America  ap^nroximates  to  that  of 

abound  in  oxen,  buffaloes,  goats,  deer,  the  Austral  countries,  and  the  east  of 

cats,  rats,  hogs,  and  dogs ;  but,  accord-  Asia.    The  insects  of  New  Holland  are 

ing  to  all  accounts,  none  of  these  have  often  of  the  same  genera  with  those  ctf 

reached  New  Guinea,  the  two  latter  ex-  the  Moluccas,    and  the   southneastem 

oepted.    In  Easter  island,  the  most  re-  parts  of  India;  they  show  much  affinity 

motely  seated  in  the  Pacific,  there  are  to  those  of  New  ZealEuid  and  New  Gale- 

no  domestic  animals,  except  fowls  and  donia,    and,  as  just  observed,   include 

rats,  which  are  eaten  by  the  natives.  similar  genera  to  those  of  America:  yet 

The  quadrupeds  of  islands  situated  in  the  entomology  of  New  Holland  is,  not- 

the  neighbourhood  of  continents,  are  ge-  withstanding,  marked  by  a  peculiar  cha- 

nerally  the  same  as  those  of  the  adjacent  racter.    A  large  number  of  insects  are 

main-land.    This  remark  may  be  made  found  near  the  Cape  of  Good  Hope, 

respiting  the  animals  of  the  British  and  which  are  unknown  in  other  countries : 

of    the    Mediterranean  isles,    as   well  M.  Lichtenstein  collected  there  between 

as  of  those  in  Madagascar,  and  in  the  600  and  700  species,  of  which  340  were 

islands  near  New  Holland.    When  in  ascertained  to  be  entirely  new. 
such  islands  spy  quadrupeds  are  met        In  adverting  to  the  Aspersion  of  tiie 

with,  which  do  not  exist  m  the  neigh-  various  tribes  which  inhabit  the  waters 

bouring  continents,  they  are  usually  dis-  of  the  ocean,  including  the  marine  mam- 

tinct  species  which  occur  no  where  else,  malia,  as  well  as  fishes  and  molluscs,  it 

and  either  have  always  had  a  local  ex-  is  to  be  remarked  that,  in  the  descriptions 

istence,  or  have  been  entu^y  destroyed  of  these  tribes,  great  vagueness  and  inao- 

^Si       ™*^n-^and.  curacy  has  long  prevailed.    Therefore  it 

There  is  thus  reason  to  conclude,  that  is  that  this  departaient  of  the  animal 

islands  in  general  derived  their  quadru-  kingdom  contains  so  many  species  which 

pcds  from  ttie  continents  in  the  neigh-  are  said  to  inhabit  indiscriminately  aU 

Dourhood  of  which  they  are  placed.  parts  of  the  ocean.    The  common  whale 
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i,ba^€Bna  mysiiceius)  has  been  supposed  Under  these  cii!cumstances,  we  can 
to  belong  equally  to  the  frozen  seas. of  arrive  at  no  other  conclusion  than  that 
Bpitzbersren  and  to  those  of  the  antarctic  the  ihrst  dispersion  of  animals,  Uke  that 
circle  The  sea-calf  (pAocam/ti/tna)  is  of  vegetables,  took  place  from  divers 
reported  by  several  writers  to  be  a  native  points.  It  is  probable  that,  at  least,  each 
not  only  of  both  circumpolar  regions,  but  of  the  great  mountainous  chains  and  ta- 
also  of  the  seas  of  the  torrid  zone ;  while  ble  lands  was  originally  furnished  by  the 
some  have  gone  so  fax  as  to  assert  that  it  Creator  with  a  stock  of  animals.  The 
exists  in  the  Caspan,  and  even  in  the  offspringofeach  species  have  since  spread 
fresh-water  lakes  of  Baikal,  Onega,  and  themselves  to  as  remote  a  distance  from 
Ladoga.  But  the  fact  of  such  eSensive  the  first  spot  of  their  existence  as  their 
dispersion  of  marine  animals  rests  en-  locomotive  powers,  their  capability  of 
tirely  on  the  authority  of  incompetent  bearing  changes  ofclimate,  or  tne  absence 
persons.  The  celebrated  naturalists  Le-  of  physical  obstacles  to  their  further  pro- 
sueur  and  P6ron,who  personally  collected  gress,  may  have  allowed  them  to  wander, 
and  examined  a  vast  number  of  marine  ^..  ,,  .  ,  •  ni  •  t  ^rtj. 
species  m  the  southern  hemisphere,  have  On  Man  %n  hu  Physical  Character-- 
come  to  the  conclusion,  that  the  arcHc  ^^  universal  Dispersion  over  the 
ocean  does  not  contain  one  tribe,  weU  Earth— Unity  of  his  Species— Terms 
known  and  described,  which  is  not  sped-  Genus  and  Species  plained—  Vane- 
fically  distinct  from  those  animals  most  ?«*  of  the  Human  Race,  and  manner 
analogous  to  it  in  the  antarctic  seas.  This  V*  i^  *^  they  may  be  accounted  for— 
reinark  appUes  not  only  to  the  cetaceous  Influence  of  Uimate. 
and  phocaceous  tribes,  but  also  to  the  Thb  physical  character  of  man,  although 
lower  departments  of  marine  animals ;  it  be  not  such  as  to  exemi)t  its  possessor 
and,  descending  through  a  variety  of  from  those  laws  of  generation,  of  growth, 
worms  and  moUuscss,  even  to  the  shape-  and  of  dissolution,  which  prevail  among 
less  sponges  of  the  antarctic  waters,  these  the  inferior  tribes  of  animals,  is  ne  vert  he- 
naturalists  assert  that,  among  all  this  less  of  a  ]}eculiar  and  pre-eminent  kind, 
immense  assemblage,  not  one  species  His  organisation,  more  perfect  and  com- 
wUl  be  found  which  exists  in  the  seas  of  plex  than  theirs ;  his  erect  and  noble  as- 
the  northern  hemisphere.  It  further  pect;  his  form,  better  suited  for  rendering 
apj^ars  that  those  maritime  animals^  obedience  to  the  impulses  of  a  rational 
wliich  possess  little  power  of  self-exten-  and  intelligent  mind ;— all  essentially  dis- 
sion,  prevail  within  very  narrow  limits,  tingiush  him  from  the  brutes  over  whom 
Each  species  of  the  family  of  meckisce  is  he  exercises  dominion.  Under  such  cir- 
seen  in  abundance  in  particular  districts,  cumstances  as  these,  it  is  not  a  little 
and  occurs  in  no  other  place.  It  is  the  surprising  that  there  should  ever  have 
same  with  the  numerous  testacea  which  existed  naturalists  who  pretended  to  con- 
adorn  the  shores  of  the  southern  seas,  found  the  human  species  with  tribes  of 
The  shores  of  Timor  present  a  great  mul-  the  lower  animal  creation, 
titude  and  variety  of  beautiful  testacea ;  In  some  respects  it  may  appear  that 
but  not  one  of  these  extends  so  far  as  the  the  organisation  of  man  subjects  him  to 
southern  coast  of  New  Holland.  great  disadvantages:  the  extreme  feeble- 
With  respect  to  reptUes,  birds,  and  ness  of  the  human  frame  at  the  first 
quadrupeds,  the  facts  already  stated  con-  period  of  its  existence ;  the  slowness  of 
ceming  their  distribution  are  sufficient  to  its  growth ;  the  multiplicity  of  its  wants ; 
show  that  different  regions  of  the  world  the  variety  of  ills  and  infirmities  to  which 
are  each  in  possession  of  peculiar  kinds,  through  life  it  is  exposed,  have  no  parallel 
Many  entire  genera  are  wholly  confined  among  the  beasts  of  the  field.  Y  et  who 
to  certain  districts ;  but  when,  as  it  fre-  that  considers  the  present  moral  imper- 
quently  happens,  the  same  genus  is  disco-  fection  of  man,  can  deny  the  good  which 
vered  among  the  wild  and  native  animals  results  from  these  physical  disadvantages 
of  two  distant  regions,  to  acommunication  inseparable  from  his  condition  ?  Endued 
between  wMch  natural  obstacles  are  op-  with  the  strength  of  the  lion  or  the  de- 
posed, it  is  not  the  same  species  that  phant,  or  clothed  with  a  skin  impervious 
ii^abit  both  countries,  but  corresponding  to  cold  and  moisture,  he  would  probably 
species  of  the  same  genus,  Tlius  the  have  remained  sunk  in  selfish  indolence, 
American  species  of  the  cat  kind  differ  and  ienorant  of  all  the  arts  which  em- 
from  the  African  and  the  Asiatic ;  and  hellish  life.  But  the  feeling  of  his  wants 
the  species  of  horse,  ox,  antelope,  rhino-  and  weakness  has  aroused  foculties  which 
ceros,  and  elephant,  of  Africa,  are  distinct  would  else  have  lain  dormant  in  his 
from  those  01  the  same  genera  in  Asia,  mind^has,  by  uniting  him  to  hb  fellows. 
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siven  rise  to  the  most  endearing  ties  and  taals,  unless  at  ihe  same  time  meuM  had 

the  most  useftil  forms  of  society;  and  bejan  provided  for  their  dispersion  far 

has  so  called  forth  his  inventive   re*  more  eflfectual  than  any  which  we  behoM 

sources,  that  he  has,  to  a  considerable  in  operation.  To  prevent  a  result  so  littla 

extent,  acquired  the  command  and  th«  in  harmony  with  what  appears  to  Iw  tiie 

direction  01  the  powers  of  nature.  general  system  of  the  universe,  each  ae- 

The  researches  of  modem  navigators  parate  region  of  the  globe  was  supplied 

have  shown  that  the  human  raee  is  with  a  distinct  stock  of  plants  and  ani. 

spread  nearly  over  the  whole  earth.     It  mal%    But  in  the  instance  of  the  human 

has  been  found  in  the  midst  of  the  most  race,  such  a  plan  of  prooeedinpf  was  not 

sultiy  regions,  in  the  vicinity  of  the  pole,  roquisite.     Man  was  endued  with  a  eon- 

and  upon  islands  which  a  boundless  stitution  capable  of  accommodating  itaelf 

ocean  would  have  seemed  to  out  off  from  to  the  greatest  changes  of  climate,  and 

communication  with  the  rest  of  the  world,  with  the  power  of  inventing  methods  for 

The  islands  of  Spitzbergen  and  of  Nova  potecting  himself  againtft  atraosphertc 

Zembla  to  the  norths  and  Sandwich  Isle,  mfluence :  he  was  also  enabled,  by  the  aid 

the  Isles  of  FaJkland,  and  Kei^sjuelen's  of  the  same  power  of  invention,  to  tran»> 

Land  to  the  souths  are  the  only  countries  port  himself  over  the  moA  extensive  seas 

of  considerable  extent  which  have  been  and  across  the  most  formidable  ranges 

found  entirely  destitute  of  human  inhar  of  mountaina     Furnished  with  these 

bitants.   In  the  north,  the  habitations  of  capabilities,  his  race  vras  originally  i^aoed 

man  stretch  nearly  to  the  75th  degree  of  in  only  one  spot  of  the  worid. 
latitude ;  while  in  the  south  a  miserable        In  order  that  the  question  may  be 

race  (that  of  the  Petoheres)  exists  on  the  fully  understood,  it  b  requisite  to  explain 

bleak  and  barren  shores  of  Terra  del  what  is  signified  by  the  terms  g€nu9  and 

Fuego.  The  oases,  or  islands  of  verdure,  gpeciei,  of  which  frequent  use  has  been 

scattered  over  the  sands  of  Africa,  are  made  in  the  course  of  tiie  present  tn«r 

also  the  seats  of  population.  In  one  part  tise.     A  race  of  animals,  or  a  tribe  of 

of  the  world  the  human  body  supports  a  plants,  marked  by  any  peculiarities  of 

heat  higher  than  that  which  makes  ether  structure,  which  from  one  generation  to 

boil ;  and,  in  another,  a  cold  which  occa-  another  have  always  been  constant  and 

sions  the  congelation  of  mereury.  undeviating,  form  a  species;  and  two 

Notwithstanding  the  dissimilieLrities  of  races  are  held  to  be  epeeifieaUy  dt'eiinef, 
structure  and  complexion  which  are  ob-  if  they  are  d&stingmshed  from  each  other 
served  upon  comparing  the  natives  of  by  some  pecuUarities,  which,  in  the  lapse 
different  countries,  there  are  the  strongest  of  generations,  the  one  cannot  be  sup> 
reasons  to  believe  that  the  human  race  posed  to  have  acquired,  or  the  other  to 
forms  not  only  a  single  genus,  but  also  have  lost,  through  any  known  operatum 
a  single  species ;  or,  in  ouier  words,  that  of  physi<»il  causes :  so  that,  under  the 
all  the  several  varieties  of  men  sprung  word  species,  are  comprised  all  those 
originally  from  one  pair  of  individuala  animals  which  are  concluded  to  have 
Though  there  exist  independent  grounds  sprung,  in  the  first  instance,  ftom  a  nn> 
for  this  opinion  (as  will  presently  be  gle  pair*.  The  term  genus  has  a  mora 
shown),  it  is  proper,  before  we  proceed  extensive  application.  There  are  several 
to  a  statement  of  these,,  to  remark  that  species  which  so  resemble  eadi  other  as 
the  whole  tenor  of  Revelation  is  against  immediately  to  suggest  the  idm  of  some 
any^her  supposition.  near  relation  between  them.  The  horse, 
we  may  discern  in  the  difference  be-  the  ass,  the  zebra,  and  othen  of  the  horse 
tween  the  means  adopted  for  peopling  kind,  are  one  instance  of  tKis  remark ; 
the  earth  with  the  human  race,  and  those  the  different  species  of  dephants  are 
provided  for  covering  it  with  the  inferior  another ;  and  a  third  is  furnished  by  the 
creatures,  the  traces  ofthat  wisdom  which  several  kinds  of  oxen,  buffaloes,  bisons, 
uniformly  pervades  the  arran^ments  of  &c.,  all  belonging  to  the  ox  genus,  and 
Providence.  Had  there  been,  m  the  first  bearing  a  striking  resemblance  one  to  the 
instance,  no  more  than  one  pair  of  each  other.  As  no  physical  causes  are  known 
genus  of  animals,  and  one  individual  of  which  could  have  operated  so  as  to  pio- 
each  tribe  of  plants,  and  had  these  been  duce  those  differences  of  structure,  wnioh 
called  into  being  upon  only  one  spot  of  exist  between  the  several  species  of  one 
the  earth,  large  ref^ons  separated  by  wide  genus,  it  is  concluded  that  they  origin- 
seas  and  lofty  chains  of  mountains  from — — 

the  country  containing  that  single  spot,         *  Tt  is  CMrtainlr  powibl*  that  what  w  tern  Mt 

would  for  ever  have  remained  almost,  if  •!»**''*•  """^  have'ipniojr  froii  two  or  more  «np»«i 

w^.^  *«*: 1      A^^u.,4^  ^r     1      i.  J       •  p^in  exaeUtf  alike ;  bat,  ludjpnr  from  all  that  Lm 

not  entirely,  destitute  of  plauU  and  am-  W  obtexfed,  it  i«  by  no  mcaa.  proMbia. 
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aJIy  spniiig  from  different  individualfl.  but  this  circumstanoe  is  suffidently  ex- 
A  genus,  consequently,  is  a  oollection  of  plained  by  their  addiction  to  intemperate 
several  species  on  a  principle  of  resem-  habits,  and  their  constant  exposure  to 
blance ;  and  it  may,  therefore,  comprise  a  &tigue  and  hardshipa    When  they  have 
Ifreater  or  less  number  of  species,  accord-  not  such  disadvantages  to  contend  with, 
ingtotheparticularviews  of  the  naturalist,  their  term  of  life  seems  to  be  as  long  as 
It  is  not,  however,  always  easy  to  deter-  that  of  any  other  race  of  mea     Several 
mine  what  races  of  animals  are  of  the  instances  are  cited,  l)oth  of  negroes  in  the 
same,  and  what  of  separate  species.  Itis  a  West  Indies,  and  of  native  Africans,  hav« 
well  known  fact,  that  considerable  varie-  ing  attained  to  a  vexy  advanced  age ;  and 
ties  arise  within  the  limits  of  one  species;  among  the  natives  of.  America,  cases  of 
and  such  varieties  are  often  transmitted  longevity  are  forfromimcommon.  Hum- 
to  the  offiipring,  and  become,  in  a  great  boldt  mentions  the  name  of  a  Peruvian 
measure,  permanent  or  fixed  in  the  race,  who  lived  to  the  age  of  one  hundred  and 
Hence  the  difficulty,  in  some  cases,  of  forty-three,  and  who,  only  tlUrteen  years 
deciding  whether  two  races  of  animals,  before  his  death,  was  accustomed  to  tra* 
of  the  same  genus,  and  similar  in  many  vel  on  foot  from  tlnree  to  four  leagues 
particulars,  but  differing  in  others,  are  daily.     The  Laplanders,  aeain,  are  said 
merely  what  are  termed  varieties  of  one  to  be  rather  remarkable  forlong  life, 
species,  their  diversities  having  proceeded  As  to  diseases,  it  seems  an  undoubted 
from  the  action  of  external,  or  other  fact  that  all  human  contagions,  and  all 
causes,  on  a  stock  oiicinally  the  same*  epidemic  complaints,  exert  their  penii* 
or  tribes  of  an  entirdy  distinct  origin  cious  influence  on  every  tribe  of  men, 
from  the  beginning.  though  the  natives  of  particular  climates 
Dr.  Prichard,  in  an  able  work  entitled  suffer  more  than  others.  And  as  to  con- 
*'  Researches  into  the  Physical  Histoiy  stitutional  complaints,  the  difference  is 
of  Mankind,'*  to  which  we  have  before  only  one  of  predisposition,  and  analogous 
had  occasion  to  refer,  mentions  the  cri*  to  what  is  witnessed  in  different  families 
teria  which  may  be  lued  in  order  to  de-  in  the  same  nation,  some  being  constitu- 
termine  whether  all  the  races  of  men  tionally  more  liable  to  certain  disorders 
belong  to  the  same  species.    The  first  of  than  others.     The  constitution  of  the 
these  is  furnished  by  a  reference  to  the  American  is  observed  to  be  the  most 
general  laws  of  tiiev  animal  economy :  torpid,  that  of  the  European  in  general 
since,  should  it  appear  that,  in  two  races  the  most  irritable, 
of  animals,  the  duration  of  life  is  the  The  conclusion  which  results  from  the 
same;  that  their  natural  functions  observe  first  method  of  inquiry,  as  will  be  more 
the  same  laws ;  that  they  are  subject  to  particularly  seen  by  referring  to  the  work 
the  same  diseases,  and  susceptible  of  the  above-mentioned,  is,  that  the  grand  laws 
same  contagions— there  is  a  very  strong  of  the  animal  economy  are  the  same  in 
presumption  that  they  are  of  the  same  their  operation  upon  aU  the  races  of  man- 
species.    Another  way  of  examining  the  kind.     The  deviations  which  occur  are 
subject,  is,  to  inouire  whether  the  diver-  not  greater  than  the  common  varieties 
sities  in  mankind  are  strictly  analogous  in  constitution  which  exist  within  the 
to  those  varieties  in  form,  colour,  &C.,  limits  of  the  same  family.     Here,  then, 
which  occur  in  the  lower  departments  of  is  one  strong  presumption  in  favour  of 
the  animal  creation,  vnthin  the  limits  of  the  inference  that  all  men  belong  to  one 
the  same  species.  The  method,  however,  species ;  for  it  appears  that,  among  ani- 
which  bears  most  directly  upon  the  c|ue8-  mals,  neighbouring  species,  so  dosely 
tion,  is  to  ascertain  what  is  positively  allied  as  to  have  often  been  taken  for 
known  respecting  the  springing  up  of  mere  varieties  of  the  same  stock  (as  the 
yarieties  among  the  human  race.  wolf  and  the  dog),  differ  materially  in 

f^rst,  with  respect  to  the  laws  of  the  the  laws  of  their  animal  functions, 
animal  economy,  it  may  be  inquired  The  next  mode  of  inquiry  suggested, 
whether  there  are  any  peculiarities  which  is,  how  far  the  diversities  of  complexion, 
distinguish  one  race  of  men  from  another,  figure,  and  stature,  seen  among  the  se- 
of  such  a  description  as  to  render  it  pro-  vend  races  of  men,  are  analo^us  to  those 
bable  that  thcTjT  constitute  distinct  species,  varieties  which,  in  the  inferior  animals. 
Certain  vrriters  have  supposed  that  there  often  occur  without  marking  any  specific 
is  a  difference  between  Europeans  and  difference,  and,  indeed,  originate  Wore 
some  other  nations,  in  the  duration  of  our  eyes  within  the  limits  of  the  same 
life.  It  is  not  to  l>e  denied  that  savage  species.  In  this  place  we  shall  accord- 
nations  are,  in  general,  shorter  lived  than  ingly  note  the  most  remarkable  instances 
the  inhabitants  of  civilized  countries;  of  variety  which  appear  in  mankind. 
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One,  and  that  the  most  obvious  to  is  also  fuUy  established.    It  appears  that 
common  observers,  is  the  diversity  of  they  are  frequent  among  the  copper- 
colour.    It  is  weU  known  that  there  is  a  coloured  native  Americans  on  the  isth- 
correspondence  between  the  colours  of  mus  of  Darien ;   and  they  have    been 
the  skm,  the  hair,  and  the  eyes  of  indi-  observed  in  many  Islands  both  of  the 
viduals.     With  few  exceptions,  light-  Indian  and  of  the  great  Southern  Ocean, 
colourwi  eyes  are  johied  to  a  fMr  com-  Among  the  Hindoos  they  are  regaxded 
plexion  and  light  hair,  but  a  relation  of  with  peculiar  horror.  The  most  remaxk- 
the  colour  of  the  sldn  to  that  of  the  hair  able  circumstance,  yet  not  an  unusual 
is  perhaps  universal     The  women  of  one,  is  the  birth  of  white  negroes  amonjE: 
Barbary  and  Syria  are  said  to  be  often  the  black  races  of  Africa:  they  axe  looked 
very  white,  although  they  have  black  upon  as  curiosities,  and  are  often  col- 
hair  ;  but  tills  is  to  be  attributed  to  art,  lected  by  the  native  monarchs.      Their 
and  carefid  protection  from  the  sun.   Dr.  hair  is  of  a  woolly  character,  and  many 
Prichard,  taking  the  hue  of  the  hair  as  of  them  are  true  albinos.  The  xanihotiM 
the  leading  character,  divides  mankind  varietv  may  be  considered  85  interme- 
into  three  principal  varieties  of  colour,  diate  between  the  other  two.    It  cluefly 
which  he  calls  the  inelanic,ihR  xanthous,  prevails  in  the  temperately  cold  repons 
and  the  albino.     The  first  includes  all  of  Europe  and  Asia,  where  it  sometimes 
individuals  or  races   who  have  black  runs  through  whole  tribes ;  but  it  also 
hair ;  the  second,  those  who  have  either  springs  up  out  of  eveiy  melanic  race. 
brown,  auburn,  yeUow,  flaxen,  or  red  The  Jews,  like  the  Arabs,  are  generally 
hair ;  and  the  third,  those  who  have  white  black  haired,  but  many  may  be  seen  with 
hair,  and  who  are  also  distinguished  by  light  hair  and  eyes ;  and  the  same  re- 
red  eyes.     **  The  melanic  variety  forms  mark  will  apply  to  the  Russians.     Tlie 
by  far  the  most  numerous  class  of  man-  xanthous  vanety  also   appears  among 
kind.     It  is  the  complexion  generally  the  South  Sea  islanders  and  the  natives 
prevalent ;    except  in  some  ]^urticular  of  America,  and  even  among  the  negro 
countries,  chiefly  in  the  northern  regions  races  of  Africa,  both  in  their  own  climate 
of  Europe  and  Asia,  where  races  of  the  and  in  the  places  to  which  they  have  been 
xanthous  variety  have  multiplied ;  and  it  transported. 

may  be  looked  upon  as  the  natural  and  Varieties  o/Jbrm,  more  esnpecially  of 
original  complexion  of  the  human  species,  the  sh{^  of  the  skull,  fumish  another 
The  hair  of  the  head,  in  the  melanic  races,  grand  instance  of  diveTsity  amon^  the 
is  of  various  texture  and  growth,  frt)m  races  of  men.  The  ingenious  Professor 
the  long  and  lai^  hair  of  the  native  Blumenbach  has  made  the  varieties  in 
Americans,  to  the  fine  crisp  hair  of  the  the  construction  of  the  skull  the  basis  of 
African  negroes.  The  hue  of  the  skin  a  division  of  manldnd  into  five  principal 
varies  from  a  deep  black,  which  is  that  races  or  departments,  which  he  denomi- 
of  some  African  nations,  to  a  much  nates,  1.  the  Caucasian;  2.  theMoi^go- 
hghter  or  more  dilute  shade.  The  duskv  lian ;  3.  the  Ethiopian  or  Negro ;  4.  the 
hue  is  combined,  in  some  nations,  with  American;  and  5.  the  Malay  and  South 
a  mixture  of  red,  in  others  with  a  tinge  Sea  Island  •.  The  J!rst  is  that  variety 
of  yellow.  The  former  are  the  copper-  to  which  tiie  nations  of  Europe  and  some 
coloured  nations  of  America  and  Africa ;  of  the  western  Asiatics  belong  ;  in  this 
the  latter,  the  olive-coloured  races  of  class  the  hesid  is  almost  roimd,  and  of 
Asia.  In  the  deepness  or  intensity  of  the  most  symmetrical  shape,  the  cheek 
colour  we  find  every  shade  or  gradation,  bones  without  any  projection,  the  fiwjc 
from  the  black  of  the  Senegal  negro,  or  oval,  and  the  features  moderately  pro- 
the  deep  olive  and  almost  jet  black  of  the  minent  In  the  second  class,  the  head 
Malabars  and  some  other  nations  of  In-  is  almost  square,  the  cheek  bones  pro- 
dia,  tx)  tiie  light  olive  of  the  northern  jecting  outwards,  the  nose  flat,  the  &ce 
Hindoos.  From  that  we  still  trace  every  broad  and  flattened,  with  the  parts  im- 
variety  of  shade  among  the  Persians  and  perfectiy  distinguished,  the  internal  angle 
other  Asiatics,  to  the  conoplexion  of  the  of  the  eye  depressed  towards  the  nose, 
swarthy  Spaniards,  or  of  European  bru-  In  the  third  class,  the  head  is  narrow 
n^ttes  in  ^neraL**  Examples  of  the  and  compressed  at  the  sides,  the  fbr&- 
albino  vanety  have  been  noticed  in  al-  head  very  convex,  the  clieek  bones  pro- 
most  all  countries.  In  Europe  they  are  jecting  forwards,  the  nostrils  wide,  the 
by  no  means  uncommon ;   sixteen  in-  jaws  lengthened,  the  skuU  in  general 

stances  have  been  seen  in  Germany  by  — — ■ 

Professor  Blumenbach.  The  fact  of  their  *.  '*'?'«  ^™*  J*'T  '■"*  *^*  »«f 'trtmijiy  mwW 

<«<Mi««~«MA<^   ;«  ^4U^«.  ..»^«    ^*  41.             ij  vanetieg  in  the  fonn  or  the  »kuU  ;  the  remamiDC 

occurrence  m  other  parts  of  the  world  two  being  obIj  approziiMtioiis  to  the  pt«»dinf. 
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thick  and  heavy,  the  fece  narrow,  pro-  andconsequentlyin the  degreeof  strength 
jecting  towards  the  lower  part,  the  nose  and  agility  which  they  possess,  there  are 
spread  and  almost  confounded  with  the  some  remarkable  varieties  among  na- 
cneeks,  the  lips,  particularlv  the  upper  tions.  Some  Negro  tribes,  the  Austra- 
one,  very  thick,  Thefourtn  variety  ap-  lian  or  New  HoUand  savages,  and  the 
proaches  to  the  Mongolian :  the  cheek-  Kalmucks,  seem  to  be  those  which  differ 
bones  are  prominent,  but  more  arched  most  in  figure  from  Europeans.  Ac- 
and  rounded  than  in  the  skull  of  the  Gordin?  to  numerous  measurements,  the 
Mongole,  the  form  of  the  forehead  and  arm  below  thedbow  is  somewhat  longer 
of  the  top  of  the  head  is  often  altered  in  the  Negro,  in  proportion  to  the  upper 
by  means  cf  artificial  pressure  during  arm,  and  to  the  height  of  the  stature, 
infancy,  the  face  is  broad  without  being  than  it  is  in  the  European.  It  has  there- 
flat,  the  forehead  low,  and  the  eyes  deeply  fore  been  remarked,  .that  in  this  respect 
seated.  In  the  y{^ A  variety,  the  sumnut  the  generality  of  Negroes  approach  more 
of  the  head  is  slightly  narrowed,  the  to  the  structure  of  the  ape ;  but  if  we 
forehead  a  little  arched,  the  upper  jaw  descend  to  individuals,  many  Europeans 
somewhat  projecting,  the  face  less  nar-  will  be  found  in  whom  Uie  fore  arm  is  as 
row,  and  the  features  more  prominent  long  as  in  the  majority  of  Negroes,  and, 
and  better  marked  than  in  the  ne^o.         on  the  other  hand,  Negroes  in  whom  it  is 

These  descriptions  ^ve  a  clear  idea  of    as  short  as  in  the  majority  of  Europeans, 
five  principal  varieties  m  the  form  of  the    A  clumsy  form  of  the  legs,  broad  and  flat 
human  head;  nevertheless,  the  attempt    feet,  and  lar^  hands,  are  also  described 
to  assign  them  as  the  distinctive  charac-    as  peculiarities  of  the  Negro, 
ters  of  so  many  races  of  men  is  open        With  respect  to  Btaturct  the  difference 
to  strong  objections ;  since,  vthether  we    between  one  nation  and  another  is  gene- 
take  as  a  standard  the  figure  of  the  skull,    rally  not  very  considerable.    From  all 
or  perhaps  any  other  peculiarily  of  struc-    accounts,  the  tallest  race  of  men  existing 
ture,  it  IS  impossible,  with  reference  to    are  the  Pata^nians.    They  are  usually 
tliat  standard,  to  divide  the  human  spe-    more  than  six,  and,  in  some  instances, 
cies  into  departments,  such  as  can  be    as  much  as  seven  feet  in  height.    On 
regarded  with  probability  as  so  many  se-    the  contrary,  the  natives  of  "nerra  del 
parate  races  or  fiimilies.    The  tMrd,  or    Fuego  are  described  as  miserable  and 
Ethiopian  variety  of  skull,  is  found  in    puny  savages.    The  Esauimaux,  in  the 
the  j^atest  degree  amoni^  the  tribes  in-    nortn  of  .America,  are  likewise  diminu- 
habitlng  the  coast  of  Gxunea  and  other    tive,  being  generally   under  five  feet 
western  countries  of  Africa;  but  it  must    Africa  also  contains  some  small  races, 
not  be  set  down  as  common  among  all    Of  the  Bosjesmans  or  Bushmen,  who  are 
the  Negro  nations ;  for  there  are  many    said  to  be  the  most  deformed  of  man- 
black  and  woolly  headed  races  in  Africa    kind,  Lichtenstein  saw  two  individuals 
which  come  under  the  designation  of   who  were  scarcely  four  feet  high.    This 
Negro,  who  display  a  very  different  shape    unhappy  race,  who  were  plundered  of 
of  the  head  and  features  from  that  de-    their  property  and  hunted  down  like  wild 
scribed  under  the  ^AtVc/ variety.    Again,    beasts  by  the  early  settlers  in  the  Cape 
the  skulls  of  the  New  Hollanders  are    colony,  have  since  hved  among  the  rocKs 
almost  as  much  compressed  as  those  of   and  woods  on  the  northern  fit)ntier  of 
any  Negroes,  and  they  would,  under  the    the    settlement,  where    they    support 
preceding  classification,  be  brought  with-    themselves  in  a  ^at  measure  by  depre- 
in  the  Ethiopic  race ;  yet  no  one  could    datlon.    These  instances  tend  to  show 
assert  that  tne  New  Hollanders  and  the    that  when  whole  races  are  deformed  and 
wooUy-headed   Africans,    differing    so    stunted,  it  is  to  be  attributed  to  exposure 
much  in  other  physical  characters,  and    to  constant  hardships  or  an  inclement 
separated  by  so  vast  a  distance,  should    climate,  and  to  the  wretched  and  preca- 
be  included  in  the  same  department  of  ^  rious  natiue  of  their  subsistence.    Both 
the  hiunan  species.    On  this  account,*  extremes  of  statiure  which  have  been  ob- 
Dr.  Prichard  has  proposed  a  division  of    served  amon|^  nations,  are   frequently 
the  varieties  of  tne  skull   into  three    surpassed  by  individual  examples  in  the 
classes,  distinguished  by  names  derived    inhabitants  of  different  countries.  Many 
from  their  forms,  and  not  from  any  sup     natives  of  Europe,  frx>m  eight  to  nine 
posed  origin  of  the  nations  to  which  they    feet  h^h,  have  been  exhibited  as  objects 
respectively  belong.  of  curiosity,  and  there  have  been  dwarfs 

In  the  shape  of  the  body,  as  well  as  in    of  less  than  four,  and  even  three  feet 
the  me  and  proportion  of  the  limbe,       The  only  other  varieties  in  the  humaa 
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raee  which  require  notice,  are  those  in  in  some  cases  we  might  be  warranted  in 
the  texture  of  the  ekin,  and  the  charao-  concluding  that  the  colours  depend  upon 
ter  of  the  hair.    The  skin  of  Negroes  is  the  local  circumstances  of  the  countries 
said  to  be  always  cooler  than  that  of  in  which  the  breed  is  nlaced.     Blumen- 
Europeans  in  the  same  dimate,  and  to  bach  mentions  several  examples  which 
be  distinguished  for  its  sleekness  and  will  illustrate  tins  remark.    He  states 
velvet-like  softness.    A  sinular  observa-  that  all  the  swine  of   Piedmont     are 
tion  has  been  nuuie  of  several  AMcan  black ;  those  of  Normandy,  white ;  and 
tribes,  and   also    of    the    Otaheitans*  those  of  Bavaria  of  a  reddish  mrown 
These  qualities  of  the  sldn  seem  to  be  colour.    In  Hungary,  the  oxen  are  of  st 
oonnected  with  the  existence  of  the  dark  greyish  white ;  in  Franconia,  ther  are 
matter  by  which,  among  these  nations,  red  The  turkeys  of  Normandv  are  Uack ; 
it    is    coloured;  fl^r  in  alinnoe,  both  those  of  Hanover  almost  all  white.    In 
African  and  Otaheitan,  the  skin  becomes  Guinea,  the  dogs  and  the  gallinaceous  * 
rough  and  inflamed,  and  cracks  upon  fowls  are  as  black  as  the  human  race. 
being  exposed  to  the  sun.  The  contrasts  Even  in  oiu*  own  country,  certain  colours 
between  the  hair  of  different  races  are  may  be  seen  |n-evailipg  in  the  cattle  of 
exceedingly  striking.    In  the  N^;ro,  tiie  paitioular  districts.    Doctor  F.  Buchsb- 
Hottentot,  and  some  other  races,  the  nan  says,  that  in  Mysore  the  sheep  ex- 
hair  is  short  and  crisp,  somewhat  ap-  hibit  three  sorts  of  colour :    red,  black; 
preaching^  to  the  nature  of  wool ;  m  and  white,  and  these  are  not  distinct 
other  nations  it  is  long  and  lank ;  and  breeds.    Don  Felix  de  Azzara  relates 
between  these  two  kinds  there  are  nume*  some  curious  circumstances  respecting 
rous  gradations.    In  Africa,  the  Kaffers  the  colour  of  the  horses  and  oxen  in  Par 
have  hair  like  that  of  the  Negroes ;  raguay,  where,  as  weU  as  in  other  parts 
some  tribes  have  it  longer ;  some  again,  of  South  America,  both  these  races  nave 
who  are  black  and  otmrwiae  similar  to  run  wild,  and  become  verv  numerous. 
Negroes,  have  hair  curled,  but  not  crisp.  He  says  that  all  the  wild  norses  are  oC 
The  Papuas  (the  name  by  which  the  in-  one  colour  (a  chestnut  or  bay-brown)» 
habitants  of  New  Guino^  and  the  neigh-  whereas  the  domestic  horses  are  of  idl 
bouring  islands  are  distinguished)  have  colours,  as  in  other  countries.  He  makes 
crisp  hair ;  but,  unlike  that  of  the  Afri-  a  similar  kind  of  observation  concerning 
cans,  it  grows  very  long,  and  admits  of  the  oxen.    As  to  form  and  the  structure 
being  spread  out  mto  an  inunense  bush,  and  prq^ortion  of  parts,  the  diversities 
The  hair  of  the  natives  of  Van  Diemen*8  which  arise  in  the  same  race  of  animals* 
Land  is  as  crisp  as  that  of  the  Africans,  &r  surpass  those  wluch  subsist  between 
but  the  New  Hollanders  have  straight  one  nation  and  another  among  men.  Al- 
hair ;  while  in  the  New  Hebrides  it  is  luding  to  the  hog  tribe,  PnSessor  Bin- 
of  an  intermediate  character,  and  varies  menlMLch  remarks,  that  '*  no  naturalist 
considerably  in  the  men  of  the  same  has  carried  his  scepticism  so  &r  as  to 
island.    The  hair  of  the  natives  of  Ame-  doubt  the  descent  of  the  domestic  swine 
ricais  generally  lank ;  in  a  few  instances  from  the  vrild  boar.    It  is  certain  that, 
curled ;  but  in  none  crisp  or  wooUy.  before  the  discovery  of  America  by  the 
In  the  next  place,  we  shall  compare  Spaniards,  swine  were  unknown  in  that 
the  diversities,  of  which  a  sketch  has  been  Quarter  of  the  world,  and  that  they  were 

S'ven,  as  existing  in  the  appearance  of  nrst  carried  thither  frt)m  Europe.  Yet. 
le  human  raoe,  with  the  variations  in  notwithstanding  the  comparative  short- 
ficnrm,  colour,  and  structure,  which  are  ness  of  the  interval,  they  have  in  that 
seen  m  the  lower  animals,  and  especially  countiy  d^nerated  into  breeds  won- 
m  the  domestioated  kinds.  The  diffe-  derfrilly  different  from  each  other,  and 
renees  in  colour  which  quadrupeds  of  firom  the  original  stock.  Tliese  instances 
^  same  species  exhibit,  are  so  nimiliar  of  diversitv»  and  those  of  the  hqg  kbd 
to  the  eye,  that  it  is  unnecessary  to  do  in  general,  may  therefore  be  taken  as 
more  than  allude  to  them.  Among  clear  and  safe  examples  of  the  variations 
horses,  oxen,  doM,  cats,  rabbits,  &c.>  vhich  may  be  expected  to  arise  in  the 
we  continually  behcdd  hues  which  are  descendants  of  one  stock.**  He  after- 
analogous  either  to  the  melanic,  the  wards  observes  that  the  difference  be- 
Mnthous,  or  the  albino  varieties  in  man-  tween  the  craniums  of  the  Negro  and  of 
kind.  Among  several  kinds  of  wild  ani«  the  European  is  not  greater  than  that 
sisls,  a  white  not  unfrequently  springs  between  the  craniums  of  ttie  wild  boar 
up.  In  many  instances,  certam  colours  9Ad  of  the  domestic  swine.  In  the 
•»  pwt.leirt  to  p«rtioutar breed!, Mid  ,T^,>a^»co^ 
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breedff  of  oxen«  sheep,  and  horses,  we  suiprising  peculiarities  have,  made  their 
ma3r  disoern  additional  examples  of  de-  appearance  in  a  race  or  family,  and  some 
viation  from  an  original  stanwd.  Some  in  which  these  have  been  transmitted  to 
breeds  of  sheep  and  oxen  are  destitute  descendants.  The  description  of  such 
of  horns ;  otl^rs,  on  the  contrary,  are  cases  would  exceed  the  limits  of  the  pre- 
distinguished  by  the  large  size  of  their  sent  treatise ;  but  an  account  of  several 
horns.  In  Paraguay  there  are  breeds  of  may  be  seen  by  referring  to  the  au- 
oxen  without  horns,  descended  from  the  thor*  whom  we  luready  cit^ 
common  homed  race.  With  respect  to  It  appears,  therefore,  that  if  we  apply 
horses,  Blimienbach  agiin  observes  that  to  the  subject  under  discussion  the  seve- 
there  is  less  difference  in  the  form  of  the  ral  criteria  stated  at  the  outset  of  this 
skull  in  the  most  dissimilar  of  mankind,  inquiiv,  the  results,  every  one,  lead  to 
than  between  the  elongated  head  of  the  the  inference  that  the  various  nations  of 
Neapolitan  horse  and  the  skull  of  the  the  zlobe  are  descended  from  the  same 
HunjB^arian  breed,  which  is  remarkable  stock.  This  inference  is  drawn,  Jlrti^ 
for  its  shortness  and  the  extent  of  the  frx)m  the  observed  umformity  in  the 
lower  Jaw.  The  varieties  in  the  covering  grand  laws  of  their  animal  economy, 
of  ammals  are  not  less  worthy  of  no-  allowance,  of  course,  being  made  for  the 
lice  than  those  to  which  reference  has  eifects  of  dimabe  and  of  particular 
already  been  made.  In  the  same  race  habits ;  secondlff,  fit)m  the  existence  in 
of  sheep,  some'  are  clothed  with  wool,  the  same  species  among  the  inferior 
others  with  hair.  It  is  known  that  if  a  tribes  of  the  creation,  of  varieties  ana- 
flock  is  neglected,  the  fine  wool  is  sue-  logons  to  those  wMch  occur  in  mankind; 
ceeded  by  a  much  coarser  growth,  inter-  and  thirdly,  from  the  fact  of  varieties 
mixed  with  strong  hairs ;  the  breed,  be-  being  really  known  to  have  sprung  up 
ing  no  longer  kept  up  vrith  care,  seems  among  men,  more  or  less  smiilar  to 
giadually  to  degenerate  towards  ttie  cha-  those  which  distinguish  different  nations, 
racters  of  the  argalij  or  vrild  sheep  of  There  is,  nevertheless,  a  point  at  which 
Siberia,  which  naturalists  consider  to  be  the  similarity  between  the  two  cases 
the  stock  whence  all  domestic  sheep  have  obviously  terminates :  the  peculiarities 
proceeded.  A  striking  specimen  of  the  which  arose  in  the  human  species  at  a 
changes  which  occur  in  breeds  is  af-  remote  and  unknown  perioa  have  be- 
ford^  by  the  sheep  of  the  West  India  come  the  characteristic  marks  of  laree 
islands,  which,  although  descended  from  nations,  whereas  those  which  have  ma3e 
the  woolly  sheep  of  Europe,  are  covered  their  appearance  in  later  times,  have,  in 
with  coarse  hair.  The  deterioration  has  ^neral,  extended  very  littie  beyond  the 
usually  been  attributed  to  the  heat  of  the  mdividuals  in  whom  they  first  showed 
climate ;  but  it  must  also  be  referred  to  themselves,  and  certainly  have  never 
the  circumstance  of  their  breed  having  attained  to  anvtiiing  like  a  prevalence 
been  neglected.  Other  animals,  such  as  throughout  whole  communities.  But 
(;oats  and  dogs,  display  a  similar  variety  this  is  a  circumstance  which  it  does  not 
m  the  nature  of  theur  covering.  seem  difficult  to  explain,  if  we  consider 

The  preceding  facts  clearly  prove  that,  that,  ever  since  the  population  of  the 

in   the   lower   animal  creation,  there  world  has  been  of  large  amount,  the  pos- 

spiing  up,  in  the  samespecies,  varieties  sessors  of  any  peculiar  organisation  have 

of  an  analogous  or  similar  kind  to  those  borne  such  a  very  small  numerical  prO" 

which  mark  the  different  races  of  men.  portion  to  the  nation  to  which  they  be- 

The  existence  of  this  analogy  confirms  longed,  that  it  is  no  way  surprising  that 

still  further  the  opinion  expressed  as  to  they  should  soon  have  been  lost  in  the 

the  unity  of  the  human  species.    It  now  general  mass,  still  less  that  they  should 

only  remains  to  inquire  whether  it  is  ab-  have  failed  to  impress  it  with  their  own 

solutely  known  that  varieties  have  arisen  peculiar  characters.    In  the  early  period 

in  a  family  or  race  of  men  similar  to  ofthe  world,  when  mankind,  few  m  nunah 

those  diversities  which  distinguish  one  bers,  were  banning  to  disperse  them* 

nation  from  another.  sdves  in  detached  bodies  over  the  face 

It  is  a  well-attested  fact  that,  among  of  the  earth,  the  case  was  altogether  dif* 

neoToes  and  other  dark-coloured  tribes,  ferent,  and  we  can  easily  understand 

individuals  of  the  albino  and  xanthous  how,  if  any  varieties  of  colour,  form,  or 

complexions  are  not  unfrequentiy  bom ;  structure,  then  originated  in  the  hmnan 

and  with  respect  to  form  and  structure, 

and  the  toxture  of  the  skin  and  hair,  «  p,  prieUTd*s  "BwBuohci  into  tu  Fhfneal 

many  instaaoes  ara  reoovdad  wherem  mttvry  of  Mankind.* 
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race,  they  would  naturally,  as  society  origin  of  the  diversitieii  of  eolour   in 
multiplied,  become  the  characteristics  of  mankind  is  to  be  referred  entirely  to  the 
a  whole  nation.    These  considerations  gradual  influence  of  climate  and  of  the 
may  suggest  to  us  the  manner  in  which  sun's  rays  in  darkening  the  complexion ; 
national  diversities  first  obtained  their  it  being  a  commonly-observed  fact,  that 
ascendancy.    The  causes  of  those  diver-  the  skm,  even  of  white  men,  becomes 
sities  are,  and  probably'  ever  will  re-  embrowned  by  constant  exposure  to  the 
main,  enveloped  in  mystery ;    and  the  heat.      But  there    are    circumstances 
inference  as  to  the  unity  of  the  human  which   militate    against    this    opinion, 
kind  is  not  weakened  by  our  inability  to  There  is  positive  testimony  that  the  off- 
assign  those  causes,  since  we  are  ignorant  sprir^  of  individuals,  darkened  by  the 
of  Se  occasions  even  of  the  varieties  sun  in  hot  countries,  is  bom  with  the 
which   sometimes    display   themselves  original  complexion^  and  not  with  the 
within  the  limits  of  a  single  family.  acquired  hue  of  the  parents*;  besides 
It  will  be  seen,  however,  upon  a  com-  which,  it  is  known  that  white  races  of 
prehensive  survey,  tiiat  in  the  distribu-  men,  who  have  been  removed  from  a 
tion  of  the  different  races  of  men  there  is  cold  to  a  hot  climate,  and  have  not  inter- 
a  certain  relation  to  dimates.     We  may  married  with  the  natives,  have  retained 
observe  that  the  black  races  of  men  for  ages  their  original  colour ;  wlule,  on 
arc  principally  situated  within  the  torrid  the  other  hand,  black  fomilies,  when 
zone ;  and  the  white  races  in  the  regions  transplanted  into  more  temperate  ooun 
approaching  towards  the  pole ;  ana  that  tries,  have  remained  for  generations  of 
the  countnes   bordering  on  the  torrid  exactly  the  same  hue  as  their  African 
zone  are  generally  inhabited  by  nations  progenitors.    Dr.  Prichard  has  also  re- 
of  a  midoUe  complexion.    It  further  ap-  marked  that  the  above  supposition  is 
pears  that  the  natives  of  mountainous  contrary  to  a  general  law  of  the  animal 
and  elevated  tracts  are  usually  of  lighter  economy,  according  to  which,  acquifbi 
colour  than  the  natives  of  the  low  and  varieties  t  are  not  transmitted  from  pa- 
hot  plains  on  the  sea-coast.     In  Africa,  rents  to  their  ofPspring,  but  terminate  in 
most  of  the  races  between  the  tropics  the  generation  in  which  they  have  had 
are  either  black  or  of  a  very  deep  co-  their  origin. 

lour ;  while  beyond  the  tropics  the  pre-        Yet  although  it  seems  that  the  exist- 
vaiUng  complexion  is  either  brown  or  ence  of  varieties  cannot  be  attributed  to 
red.    The  people  of  Fezzan,  who  are  of  the  slow  and  gradual  operation  of  cU- 
a  black  hue,  form  an  exception  to  this  mate  upon  successive  generations,  nu- 
rule ;  but  it  has  been  remarked  of  them,  merous  facts  lead  to  the  conclusion  that 
that  they  are  chiefly  slave-dealers,  and  there  is  a  natural  tendencv  among  races, 
have  been  intermixed  with  the  ne^  both  of  men  and  animals,  to  the  pro- 
race  brought  from  the  interior  of  Africa,  duction  of  varieties  suited  in  form  and 
In  other  countries  of  the  globe,  the  ma-  constitution  to  the  local  cireumstances  of 
jority  of  the  nations  near  the  equator  are  the  country  where  they  arise.      Or  it 
almost  black.    In  India  there  are  black  may,  perhaps,  be  better  explained,  in 
tribes  in  Malabar ;  and  the  Hindoos  of  somie  cases,  oy  supposing  that,  whatever 
the  Deccan  are  generally  very  dark,  as  varieties  occur,  the  ability  to  establish  a 
are  also  the  inhabitants  of  Ceylon.    In  footing  in  any  country  belongs  to  those 
most  of  the  islands  of  the  Indian  ocean,  only  which  possess  a  constitution  adapt- 
theo^r^'n^^areof  a  black  colour;  and  cd  to  local  cireumstances.    Thus  men 
still  further  eastward  are  the  Papuas  of  of  the  xant?mus  variety  of  colour  are 
New  Guinea  and  the  black  inhabitants  known  to  spring  up  among  the  negroes  in 
of  Solomon's  islands  and  the  New  He-  Africa ;  but  their  constitution  being  en- 
brides.    In  equatorial  America,  the  na-  tirely  unsuited  to  the  climate,  we  cannot 
tives  are  not  so  dark  as  in  other  parts  believe  that  they  would  ever  become  nu- 
of  the  torrid  zone ;     but  its  elevated  merous  in  that  continent.    In  the  tem- 
mountains,   vast   rivers,  and  extensive  perately-cold  regions  of  the  world  they 
forests,  impart  a  peculiar  character  to  would   be   favourably  cuxiumstanced ; 
the  climate  of  the  New  World,  which  and  we  accordingly  see  that  this  variety 
may  probably  account  for  the  difference,  has  multiplied  mere  to  a  considerable 
In  the  low  countries  of  California  it  is  extent. 

remarked  that  the  population  are  nearly  — 

as  dark  as  negroes.  *  i>r.  Priehard*i  **  R^searchefl."  Toi.  ii.  pp.  sat.  Im. 

It  is  a  veiy  general  opinion,  that  the    .  t^^tl^Mii^S'ZXll^^Vi^  ""* 
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Introduction,  stance*  to  be  drawn  around  the  angle  A'' 

Navigation  Ls  the  science  which  teach-  ^  M",  iny^.  5.  (page  1 1 ,)  and  let  them 

es  the  mariner  how  to  conduct  his  ship  Jf  «°  ^^."»  ^^^  *^e  pomt  C,  at  which 

from  any  one  port  or  place  to  any  other.  ^^  angle  is  formed,  may  be  the  com- 

An  application   of  its   principles  will  I?on  centre  of  all  the  cuxjles    Then  the 

enable  him  at  any  time  to  discover  the  ^'""^f  f '  9  and  M'C  are  said  iotnter^ 

situation  of  his  vessel,  the  direction  in  ^^»  tl^«  ^s,  to  take  between  them,  k 

which   he  ought  to  steer  towards  his  Pp^<^^  ^f  ^^  ^^  ♦?«,  ^i"^^®».\  ^^ 

intended  destination  or  port,  and  his  the  largest  and  outer  cm^le  they  m  er- 

distance  from  such  port  and  from  the  ^P^  the  portion  A"  M''  which  is  called 

place  from  whence   he    sailed :— This  ^»  ^^*  ^^^  its  resemblance  to  a  bow : 

science  explains  also  the  method  of  ap-  «>r  "tf®  ^  indebted  for  many  of  our 

plying  the  different  instruments  used  m  scientific  terms  to  the  Arabians,  who 

Its  practice,  and  of  discovering  their  er-  ^«7?^*  P^^P^®  o^,  "^^^'^^  habits,  they 

rorsand  imperfections.— In  short,  it  is  f^^^^jj  "J^^X  metaphors  drawn  from 

that  branch  pf  the  seaman's  education  ^l^^J^  «>^  7^'-    ^ow  the  curved  line 

which  may  be  learnt  on  shore,   and  ^  M'',  and  the  corresponding    inter- 

apart  from  the  ship;  and  furnishes  a  ^^T*^  P^"^^"^  ^J^'  ^T^u'^^J^ 
material  part  of  alf  that  is  requisite  to  ^wd  to  measure  the  angle  A"  C  M", 
be  known  by  him,  on  whom  devolves  ?^*''^\„"r.^SI?'n'^  ^/  ^?  intercepting 
the  anxious  responsibility  of  directing  ^^"^  ^  ^^  ^  ^  5  /*  °^**te"  °«t  ^^ich 
the  course  of  a  vessel  through  that  vast  ^l  ^^^^  ^^  we  take  ^a  measure ;  for 
and  treacherous  expanse  of  waters,  2!®^  ^  *?  the  same  fractional  part  of 
which  forms  the  greater  portion  of  the  ^^  respective  circles  to  which  tiiey  be- 
surface  of  our  globe,  deprived  of  that  l^^S*  *^"\'L^^  F^f  """.^'^^^^FfT^ 
assistance  which  the  traveUer  on  land  ?^  ^^  Pf f*«^  f!?'*,?^!^  ''T^'  ^  ^l 
receives  from  beaten  tracks,  and  known  ^^  ^^^^i?^^*^  P.^,2^  the  next  greatest, 
landmarks,  but  enabled  to  rely  with  and  AM  an  eighth  of  the  smaUest  and 
confidence  on  other  guides,  which  the  "i?e™ost  circle.  Mathematicians  con- 
bounty  of  his  Creator  has  provided,  ceive  circles  to  be  divided  into  360  eaual 
and  which  the  ingenuity  of  man  has  parts,  which  they  call  rf^^cw ;  each  of 
converted  to  his  use  under  such  cir-  ti?ese  decrees  is  again  supposed  to  be 
cumstances  of  apparent  difficulty.  ^V^^^  ^^^^  «^^y  ,T^  P^«;  called 
The  term  Navigation  is  derived  from  ^«««'^*.  ^fd  each  of  these  minutes  mto 
the  Latin  word  navigo,  which  signifies  fl^^V  «a"^  P^»  ^^^  seconds-  and, 
literally,  to  work  oriLnage  a  shif ;  but  ^^  «?^^«'  ??^.  ^^'^l?^'.  ?^  ^2 
the  art  itself  consists  chiefly  in  the  ap-  S?^^^  *?*?  °®  f^'^^  *2*°  ^'""^^l  ^^ 
plication  to  practice  of  a  branch  of  the  thirds  into  fourths,  &c.  each  deno- 
mathematics,  and  a  branch  of  the  sci-  mmation  being  always  sixty  times  the 
ence  of  astronomy,  which  owes  its  name  ^~^®  ^/  t"*^  which  follows  it  m  the 
to  that  application.  <>/der  of  succession ;  these  divisions  for 
^'^  the  sake  of  brevity  are  wntten  as  fol- 
PART  I.  lows: — thus,  57  degrees,  31  minutes, 
r<^A»«.n  T  42  seconds,  37  thircte,  48  fourths,  and 
^  .  ,  ^  I*  ,  ^  .r  32  fifths,  are  written 
On  Angles  and  Trtatigles. — On  the  57°  3l'42"  37'''48>^  32^ 
Mode  of  solving  Triangles  by  Con-  ^n  angle  is  said  to  contain  the  same 
struction.  number  of  degrees.  Sec.  which  the  lines 
(1.)  In  the  course  of  our  present  in-  containing  it  intercept  on  the  circum- 
quiries  we  shall  find  it  necessary  to  scribed  circles ;  if  the  lines  A"  C,  M"  C 
possess  the  means  of  ascertaining  the  intercept  40°  on  each  circle,  A"  C  M" 
exact  size  of  an  angle  ;*  this  is  effected  is  an  angle  of  40°. 
through  the  medium  of  cmiles.  Con-  (2.)  When  the  lines  which  contain  an 
ceive  any  number  of  circles,  three,  for  in-  angle  intercept  a  quarter  of  the  circles 

•  ThU  word  u  fn,m  th«  latin  i»i^«,  which  .ig-  described  around  it,  the  angle  is  called 

nifiet  a  comer.  B  right  angle,  and  the  Imes  containmg 
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it  are  said  to  be  perpendicular,  or  at  pend  on  their  accuracy  to  a  less  quantity 

right   angles    to    one    another ;    the  than  about  the  quarter  of  a  d^ree  or 

quarter  of  the  circle  is  called  a  quad-  1 5' ;  that  is,  were  we  to  attempt  to  draw 

rant,*  Thus  in/^.5  the  lines  E"C  and  an  angle  containing  exactly  43°  14'  16*, 

A"  C  are  represented  as  cutting  off  a  the  small  quantity  (44")  by  which   that 

quarter  of  each  of  the  three  circles,  and  angle  differs  from  an  angle  of  43^  16' 

the  angle  A"  C  E"  is  a  right  angle,  and  would  be  wholly  imperceptible  and  lost, 

the  lines  A"  C  and  E"  C  are  perpendi-  owing  to  the  imperfection  of  the  means 

cular  to  one  another :  and  as  the  arcs,  we  make  use  of  to  effect  our  object ; 

which  lines  containing  a  right    angle  probably  the  very  thickness  of  the  lines 

intercept,  are  a  quarter  of  the  circles  containing  our  angle  would  be  equal  to 

to  which  they  respectively  belong,  which  nearly  a  quarter  of  a  degree — it  follows, 

circles  contain  360°,  every  right  angle  therefore,  that  we  cannot  depend  on  an 

must  contain  90  of  those  aegrees.  angle,  thus  drawn,  to  less  than  ihat 

(3.)    Every  triangle  has  six  parts,  quantity; 
the  three  angles  and  the  three  sides.  (7.)  There  is  an  insfnunent  also  caJled 
There  are  various  kinds  of  triangles —  sl plain  diagonal  decimal  scale;  this  is  a. 
the    right    angled    triangle    is    that  ruler  divided  into  a  certain  numkber  of 
which  has  one  ^  its  angles  a  right  angle,  equal  parts,  and  these  parts,  by  a  parti- 
Thus  the  triangle  ABC  ifig.  1 )  is  a  cular  contrivance,  are  again  subdivided 
Fig.l,        right    angled  triangle,  cK^ctmo/Zy,  or  into  tenths  and  hundredths 
having  the  right  angle  of  those  parts.    By  this  instrument  we 
A  C  B  as  one  of  its  an-  are  enabled,  "but  with  no  great  degree  of 
gles.    In  this  species  of  accuracy,  to  draw  lines  that  shall  bear  to 
triangle,   the  sides  are  each  other  nearly  any  proportions  we 
distinguished  by  mathe-  may  please  to  assign  them, 
maticians  by  particular  (8.)  The  use  of  the  above  mentioned 
names;  the  side  AB,  (^posite  to  the  instnimentsmaybeillustrated  as  follows: 
right  angle,  is  called  the  nypotenuse,^  suppose  we  know,  in  a  particular  case, 
and  the  two  sides  B  C  and  A  C  are  called  that  the  hypotenuse  of  a  right  angled 
either  base  or  perpendicular,  according  triangle  is  11 00  miles,  and  the  angle  at  the 
to  the  position  m  whicli  the  triangle  may  vertex  equal  to  53^ :  then,  with  our  plain 
happen  to  be  placed :  thus,  in  the  present  scale,  we  draw  a  line  proporiionalto  1 1 00 
position  of  the  triangle  ABC,  AC  miles,  or  containing  1100  equal  parts, 
would  be  termed  the  base,  and  C  B  the  each  part  being  any  length  we  choose  to 
perpendicular,  CAB  the  angle  at  the  fix  upon,  and  which  then  becomes  our 
base,  and  A  B  C  the  angle  at  the  vertex  unit  of  length :  let  it  be  the  tine  B  A  in 
or  top.  Jig,  1 ;  we  draw  also  another  Une  B  C 
(4.)  O^/tfiMoiigrZ^^f  triangles  are  those  making,  with  the  line  B  A,  an  ax^le  of 
which  have  not  any  of  their  three  angles  53° :  we  do  not  know  the  length  tl^  line 
right  angles,  in  short,  which  are  not  right  BC  ought  to  be  when  the  triangle  is 
angled.  right  angled,  or  where  we  ought  to  stop 
(5.)  The  angles  of  any  triangle,  formed  in  drawing  it,  but  we  may  soon  ascertain 
by  straight  lines,  are  together  equal  to  it  by  our  ruler  or  scale  m  the  following 
180%^  or  two  right  angles;  therefore  in  manner: — as  the  angle  at  B  is  53^  if 
any  right  angled  triangle  ABC  ifig.  1)  the  triangle  is  right  angled,  the  angle  at 
as  the  angle  A  C  B  is  equal  to  90°,  the  A  must  be  37°,  (Art.  5,)  draw  therefore 
angle  at  a  will  be  equal  to  the  angle  at  the  line  A  C,  making  an  an^e  of  37° 
A  subtracted  from  90°,  and  the  angle  with  the  hypotenuse  A  B,  it  is  obvious 
Ht  A  will  be  equal  to  the  angle  at  B  sub-  that  the  drawing  this  line,  at  this  par- 
tract  ed  from  90° :  these  angles  are  called  ticidar  angle,  determines  the  length  that 
the  complements  to  each  other,  for  the  the  line  B  C  ought  to  be,  when  the  angle 
one  makes  up  what  the  other  wants  of    at  C  is  a  right  angle ;  and  in  order  to 
being  a  right  angle,  or  90°.  ascertain  the  propor/tona/  lengths  of  the 
(6.)  There  are  mathematical  instru-  lines  B  C  ana  A  C,  as  compared  with 
ments  by  which  we  are  enabled  to  draw    A  B,  we  need  only  measure  them  with 
angles  containing  whatever  number  of    our  scale.    This  is  called  retohnsv  the 
degrees  we  please;  but  we  cannot  de-  triangle  ABC  by  con»tfucUon,  We  say 

— — Iheffro^Nxr/idiia^lcngtinoftheliDesBC 

-v!  '*!I1L5!!J  l^^^^  ^fnarfroju,  which  ripii&«    and  A  C,  because  it  natten  not  wiiat 
+  >rom  a  Orwk  wort,  nnifyiof  to  swttuA  mitt,    **^  ^  length  we  make  use  o^  m  oiner 

)  simMa's  Xaciid,  book  i.  prop.  ss.  vords,  what  the  length  of  eaeli  of  tae 
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i  onr  scmle,  provided  thftt  we 


thect 


apply  the  Mine  unit  and  meksura 
toe  uiree  aides  of  the  trianfFle.  Thm .  it 
is  of  no  consequenoe  nhetiier  the  1 100 
parts  of  the  hypotenuse  be  UOO  miles, 
or  yuds,  or  feet,  &c  or  whether  an 
inch,  or  hsif  &n  inch,  Sec.  on  our  scale 
imresent  a  mile,  provided  that  in  taking 
all  the  three  measures  the  inch  or  ha^f 
inch  representa  the  same  quantity:  if 
half  an  inch,  for  instsjice,  represent  100 
miles  when  we  measure  A  B,  it  must 
represent  the  same  quantity  of  miles 
viien  we  measure  B  C  or  A  C. 

(9.)  In  order,  therefore,  to  resolre  a 
feriangle  by  canslruction,  it  is  only  ne- 
cessary to  have  the  means  of  constructing 
the  data,  that  b,  the  things  given,  and 
then  we  measure  the  lines  or  angles  that 
are  unknown :  for  if  (he  data  be  sufficient, 
the  very  act  itself  of  representing  them 
'  on  paper  enables  us  i^ao  to  repreaent 
those  lines  and  angles  that  are  not  given, 
wl  whrn  those  unknown  guaotitiea  are 
represented  on  paper,  and  on   a  scale 

Eaportional  to  the  known  quantities,  we 
ve  but  to  measure  them  and  their 
values  are  then  ascertained.  The  exam- 
ples, nhich  it  will  be  necessary  to  subjoin 
in  this  Part,  of  this  mode  of  resolving 
triangles,  will  sufficiently  illustrale  tlK 
above  explanation  of  the  phrase  rvM/w^ 
aeate  Ay  eonstntetian. 

Chaptbr  II. 
Preliminary  Coraida-alions.—On  Tra- 

(10.)  If  we  oflea  interrupted  the 
course  of  useful  pursuits  to  analyze  the 
manner  in  which  we  peKonn  some  of 
the    complex  though  common  opera- 


of  a  ship  through  the  ocean.  The  tr^ 
veSer  on  land  has,  in  common  with  the 
mariner,  to  aaoertain  his  course  and 
distance:  but  ttie great  point,  in  which 
journeying  npon  ian4  >t>d  sailing  on 
the  sea  differ  in  this  respect,  is,  thai 
on  land  the  course  and  distance  are 
usually  determined  by  means  of  fixed 
marks  on  the  lur&ce  of  Ihe  earth,  with 
the  appearance  of  which  the  traveller  is 
either  acquainted,  or  is  enabled  to  avail 
himself  of  their  assistance  by  the  aid  of 
certain  general  considerahons  drawn 
from  experience ;  which  is  indeed  the 
source  of  the  greater  part  of  that  more 
humble  knowledge  which  all  mankind 
possess  in  common.  In  traversing  tba 
ocean,  on  which  vessels  leave  no  per- 
manent trace  behind  them  of  the  rath 
they  have  pursued,  and  the  same  diffi- 
culties present  themselves  to  each  sui>> 
ceedinf  voyager,  the  sl^  and  the  sea 
alone  remam  to  direct  the  mariner  in  his 


It  is  easy,  however,  to  ima^ne  a  eaae 
m  which  ttie  traveller  on  land  may  be 
wholly  dependent  on  those  guides,  which 
a  Imowleage  of  some  of  the  ftrst  prind- 
ples  of  navigation  alone  can  furnish. 

(11.)  Thus  (fig.  S)  we  will  auppow 


energies  and  industry  would 
then  be  achieved;  yet  there  are  cases 
in  which,  in  order  to  obtain  a  dear 
conception  of  matters  of  science  or  art, 
with  wh!ch  we  are  not  familiar,  it  is 
expedient  to  advert  to  those  every  day 
occupations,  which  have  some  connexion 
more  or  less  remote  with  the  object  of 
inquiry,  and  to  consider  the  different 
pritcesses,  which  lead  to  their  comple- 
tion, and  which,  gena^y,  through  the 
influence  of  habit,  make  no  impretaioa 
on  our  minds. 

Thus  the  very  common  operation  of 
walking  from  any  one  spot  to  another,    him  at  a  hont  A  ntuated  on  tome  c 
not  in  sight  at  the  conunenoement  of  our    tensive  and  barran  plain,  on  which  tha 
journey,  u  eonnerted  with  tbe  iBfintci;    is  no  otqect  that  caa  by  powSribty  sol 
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as  a  landmark  to  direct  his  steps,  and  parallel  to  it,  as  a  6,  meridian  lines  ; 

that  he  wishes  to  traverse  the  {daki  >to  a  and  as  those  lines  are  drawn  towards 

village  Bat  the  distance  of  sixty  nou/too/  the  top   of  our   page,  that  top    will 

(Art  44)  miles  from  the  spot  on  which  represent  .the  north,  the  right  of  the 

the  house  is  placed:  let  a  line  AC  be  paper  the  east,  the  left  the  west,  .and 

conceived  to  be  drawn  through  that  spot  the  bottom  the  south.    This  supposition 

towards  the  North  Pole,  or  North  point  is  invariably  made  with  respect  to  all 

of  the  heavens ;  and  let  a  line  A  B  join  figures  drawn  to  iUustrate  problems  in 

the  house  and  the  village ;  and  let  the  navigation,  so  that  we  are  enabled  to 

.direction  of  the  village  from  the  house,  discover  the  nature  of  lines  by  the  posi- 

or  the  line  A  B,  make  an  angle  of  45^  tion  in  which  we  find  them,  wi^  refer- 

with  the  line  A  C,  that  is,  let  the  angle  ence  to  the  top  of  the  page.    We  per- 

B  A  C  equaU  45^ :   draw  also  the  Ime  ceive  that  the  lines  A  B,  D  6,  6  B  all 

B  C  at  right  andes  to  A  C.    The  angle  make  certain  angles  with  meridian  lines  ; 

B  A  C  and  the  distance  B  A  (  =  60  nau-  these  angles  are  called  courses;  the  an- 

tical  mUes)  are  determined,  1^  means  gle  CAB   is  called  the  course  fronx 

which  will  be  explained  hereafter,  (Art  A  to  B ;    and  as  it  equals  45^,    ih^ 

64.)  course  from  A  to  B  is  said  to  be  N* 

Let  us  further  suppose  that  the  most  .45°  W,  or  45°  from  the  north,  on  tiie 

eastern  point  of  a  large  body  of  water,  side  of  the  west ;  and  as  this  is  just 

shown  in  fig,  2  by  the  irregular  and  half  way  between  the  two,  it  is  N  W. 

crooked  line,  is  situated  due  North  of  the  The  course  from  one  place  to  another 

house  A,  and  that  the  situation  and  ex-  is  also  callal  the  bearing  of  the  latter 

^tent  of  this  lake  obliges  our  traveller,'  place  from  the  former ;  thus  B  is  said 

m  his  journey  from  A  to  B,  to  puraue  to  bear  N  45°  W  from  A,  and  A,  S  45® 

the  track  marked  out  by  the  dotted  line.  £  from  B.    For  the  present  we  shall 

•Buch  a  track  is  called  by  seamen  a  call  all  lines  drawn  at  right  angles  to 

traverse ;  and  it  will  be  readily  seen,  meridian  lines,  departures,     Hius  B  C, 

that  none  of  the  ordinary  modes  which  a  D,   and  B  c  are  termed  departures; 

are  in  daily  practice,  of  finding  the  way  also  the  lines  which  make  witn  the  me- 

from  one  spot  to  another, will  avail  a.per-  ridian  lines  the  angles  called  courses 

son  so  circumstanced  as  in  our  example,  are  called  nautical  distances  ;  such  are 

(12.)    Before,  however,  we   proceed  the  lines  A  B/ D  ^,  and  6  B.    The  true 

to  explain  all  the  contrivances  which  nature  of  courses,  departures,  and  nau- 

are  to  be  substituted  for  such  ordinary  tical  distances,  wffl  be  better  understood 

modes,  we  shall  define  certain  terms  hereafter,  (Art.  51  and  52.) 
which  it  will  he  convenient  to  make  use  Example  I 

of  hereafter ;  "e  shaU  also  give  a  more        (,  3  ^  j^j  ^  ^^  ^^  ^-^^^  supposed 

ample  examrie  than  that  proposed  ra  ^  \^4  ^  ^  ^^    be  supposed  to  sail, 

thelast  M^cile.  ^^^^^  ^^      ^f^^  B  ^^^^    ^  ,^ 

Few  of  our  readew  can  be  >^orant.  ^„,^  ^^  g  ^^  ^^^  ^        j^  ^^  ^^ 

that  su^  hnes  aa  B  C  and  A  B  mjig-  2.  ^jh  the  meridian  Une  (B  C) ;  and  Jet  it 

supposed  to  be  drawn  on  the  round  ^        j^  ^   g^  ^   ,    ^>  ,  ,^  „ 

spfece  of  the  eajte,  caimot  te  straigM  g^,  or,  in  other  words?  the  distance 

dhnensio^   (Art   44  )    a  y^  S  °*»**»  ^""^  ^  *»"*• 

SS^rf  Xtai^M^uch  as  sfart^  mUes         "  "  P^*"'  ***  "^  «>«  *'?""  "*>**"' 

cunrea  aisiance,  siwn  as  sixty  miies,  ■   compounded  of  a  southern  and  west- 

difters  very  slightly  from  a  straight  Ime;  1_:  _7.^_  '    i"  _.    '""^p"  ""   ^'■ 

._j  *!,«— .fc~r^_  x..«  :_„«.«;_-a„_.  —I  *™  course,  she  must  sail  farther  than 

and  therefore  m  our  investigatrons  we  ^    j  ^j^    ^  ^^    y      BC  ^j.        ^^ 

nay  assume  the  hne  A  B  and  of  course  ^^kes^ood  that  distance  towarfs  the 

all  the  other  hnes  m  the  figure  smaller  „„,  .^  .  »     .^  .    -   .  ...    .        ..  ^ 


can  po»stblu  arise  from  thus  supposi-  j,  ^   y»;  ^^  ^  j    g  ^  ^ 

ii"'i«r^W^'r^f .   «nH '^.'.h^^        D««  the  line  B  A  proportional  to 

m  examples  I.  and  II. ;  and  such  ui  ^j         ^,         ^.      ^    »!  j      ^  ^ 

assumption  it  is  evident,  must  matm-  ^^j^        jhei  Ime  B  t!  drawl  from  the 
ally  facihtate  our  mqmries.    Draw  the  tMwmci  mi^  x*  v^  mofTi^  umrm* 

right    ane^led    triangles     a  6  D,      6  C  B.         *  it  seems  scarcely  necesKsry  to  mention,  that  the 

"We  shall  call  the  Une  A  C,  drawn  to-  ^*"f"  /^'  ^'  ^'  *"*l.^,  «*»"?.  ^°^  "?*^  TJ^« 

.„     J      xu  ^^v.         1  J       «    I'  east,  and  wetil  respectively.    Theletterftiiandsfor 

wards    the  ^nortn    pole,    and    all    ImeS  *y:  thus,  north  by  west  i»  written  NbW. 
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north  towards  the^south ;  now  the  angle  tain  at  any  time  the  direction  in  which 
BAG,  the  complement  of  the  course,  he  is  walking  ;*  and,  consequently,  at  all 
(Art.  5)  is  37®,  draw  therefore  the  line  times  to  preserve  whatever  direction  he 
A  C,  making  an  angle  of  37®  with  the  may  find  it  expedient  to  take ;  thus,  for 
line  A  B,  and  measure  B  C  with  the.  instance,  it  will  enable  him  the  first  day 
same  scale  with  which  A  B  was  measured  to  travel  due  north,  for  the  purpose  of 
or  set  off;  and  B  C  will  be  found  to  be  making,  as  the  mariner  terms  it,  the 
about  six  miles  and  a  half,  and  A  C  the  eastern  point  of  the  lake,  the  bearing  of 
departure  to.  be  about  eight  miles  and  which  we  have  supposed  him  to  know 
three  quarters.  The  line  B  C  is  called  before  he  sets  out.  With  respect  to  the 
the  difference  of  latitude;  and  the  four  distances  travelled,  these  may  be  dis- 
parts or  elements  of  the  triangle  ABC,  covered  as  follows :  take  a  long  string 
which. are  of  importance  in  navigation,  so  divided  into  equal  parts  that  each 
are  the  three  sides  A  B,  B  C,  and  A  C,  part  shall  be  the  120th  part  of  a  nauti- 
and  the  angle  ABC,  which  represent  cal  mile,  and  to  the  end  of  the  string  at- 
the  nauticai  distance,  difference  of  lati^  tach  a  piece  of  lead.  Now  as  a  minute 
tude,  departure,  and  course :  if  any  two  is  t\f  of  an  hour,  half  a  minute  is  -ris  of 
of  these  be  given,  the  other  two  may  be  an  hour ;  or  half  a  minute  is  the  same 
found  by  construction ;  and,  as  we  shall  part  of  an  hour,  that  the  divisions  on  the 
see  hereafter,  by  infection  or  calcula-  string  are  parts  of  a  mile.  Let  pieces  of 
Hon*  The  line  A  C,  or  departure,  re-  cloth  be  tied  round  the  string  to  mark 
presents  the  amount  of  distance  made  the  divisions ;  the  first  piece  of  cloth  at 
goed  towards  the  west.  the  distance  of  about  30  feet  from  the 
FvAi^PTw  TT  lead;  the  first  30  feet  of  string  is 
(14.)  We  p^oce^  to  the  traverse  called  the  , /ray  line.  Let  «;«  travel 
drawn  in/^.  2.  This  case,  we  shall  pre-  f^  ♦^^  ^"<*  ''L^'^IZ^^^.^ZiV^n 
sently  p/rleive,  is,  in  effect,  notfting  \^^  ?*^^,/'"  *^5  ^Za  w^  .^h  ^?' 
more"^  than  two  solutions  of  the  sami  \^^V^S  the  lead  tn^hmd  Inm,  and  aJ- 

the  end 
the  end 

Md  12.)  or"  the'  dil^t  "cr^rsrs-rm  "ihe  <>5  ^^it*  "i"?^*®  from  that  time  let  him 

latter  to  the  former,  is  N  45°  W ;  with  stop  the  string,  catching  it  up  in  his 

the  course  N  45^' W  and  the  nautical  ^^^^J   »"d  ^%  ?H™^^  ""LiJ'^ 

distance  AB  =  60,  we  shall  find  by  the  and  parts  of  divisions   confined  be- 

mode  of  proceeding  adopted  in  the  last  *Y^«J1*^"  }'^^L^i^^'P''^lAf  ^l?^^ 

example  i  C  =  to Ibout  42*  miles,  and  a*  ^^^J""^  ^^  *Jjf  ^^7  ^.^  "^^^J^^^^ 

B  C  =  42i  miles,  for  in  this  case  the  ^^^^   ^}^^  «^°^^r    f  ,™^^^    ^    V^ 

departure  equals  the  difference  of  lati-  walked  during  the  last  hour,  on  the 

tude.   So  that  our  traveller  on  starting  supposition  that  he  has  always  walked 

is  enabled  to  discover  by  our  method  ?*  ™  ^^^  P/^^  (rtar.the  pace  at  which 

that  he  has  42i  mUes  of  northing,  or  ^^  performed  the  experiment,)  dunng 

difference  of  latitude,  to  make,  aiS  the  that  hour :  for  that  number  represents 

same  quantity  of  westing  or  departure.  Jh®  pa^e    at  which  he  walks  durinc: 

Having  ascertained  this  fact  before  he  I)?®  tone  the  stnng  is  runnmg  througR 

sets  off,  he  might  now  proceed,  had  he  ™«  ^^^_i  ^^^^  °*^^^"J  ,^«*"».  ther 

the  means  of  preserving  any  particular  ?"»?  P^*  ^^  *  T-^  *T  ^  a  "unute 

direction  in  wldch  he  might  wish  to  w  of  an  hour;  and  if  ^i^jpart  of  amde 

travel,  and  of  measuring  the  distance  he  ?'  o^«  division  of  the  straig,  is  described 

walks  ;  therefore  the  mode  of  effecting  "*  tJt  of  an  hour,  and  during  the  pre- 

these  two  objects  must  be  next  ex-  ceding  pwt  of  the  hour  the  same  rate 

plained.    He  can  determine  his  course,  ?^  g^ing  has  been  preserved,  120  times 

or  the  angle  his  track  makes,  with  every  t^at  division,  or  a  mile,  has  been  per^ 

meridian  he  crosses,  either  by  the  hea-  ^o™«^  >"  ^'^^^  **?®.^  *?~^  f.  mmute,  or 

venly  bodies,  or  by  a  compass ;  a  de-  f»  hour ;  so  that  if  the  distance  be- 

scription  of  which  instnunent  will  be  t^een  the  hand  and  cloth  at  the  end  of 

flven  in  Chapter  IIL  of  the  Second  Part  the  stray  line  is  one  division,  the  pace  is 

he  compass  will  enable  him  to  ascer-  •  we  make  do  mratioB  in  tii«  t«t  of  the  Mft«. 

•w.  tjoii  or  deviativn  of  the  compaas  from  tb«  troe  aortb. 

*  By  eakoUtioii,  B  C  s  6.68,  and  A  C  x  8.791  this  will  bo  expUinod  hereaf tov 
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one  miie  per  hoiur ;  if  two  divisions,  two  line,  as  6B,  meets  ihett,  k  makes  the 
miles,  and  so  forth.   The  line  we  have  alternate  angles  equal ;  and  the  angles 
described  resembles  very  nearly  a  sea-  a  6  D  and  6  D  C  are  called  the  alter* 
man^s  log-line.  Sailors  call  the  pieces  of  note  an^es :  those  angles  both  r^reseitf 
cloth  and  divisions  knots,  so  that  knot  the  same  course,  but  taken  m  an  oppo- 
and  mile  mean  in  efiPect  the  same  thing :  'site  direction,  that  is,  a  6  D  repreaettts 
when  a  ship  is  sakL  to  be  sailing  eight  a  southern  and  eastern  eourse,  whilst 
knots  an  hour,  the  nkeaning  is,  Uiat  she  CDb  represents  an  equal  northern  and 
runs  eight  divisions  on  the  log  line  from  western  course.     Therefore  in  the  right 
the  stray  line  in  half  a  minute,  that  is,  is  angled  triangle  a  6  D  we  have  the  angke 
sailing  at  the  rate  of  eight  miles  anhour.  abD  =  15°  and  D  6  =  47  miles,  to  find 
At  sea  the  lead  is  enclosed  within  a  piece  a  b  and  a  D.    Draw  a  line  proportional 
of  wood,  which  floats  on  the  surface  to  47  miles,   and   draw    another    lixM 
of  the  water.     On  the  assumption  that  making  an  angle  of  15°  with  the  fonner  • 
the  line  b  thrown  down  every  nour,  add  draw  a  third  line  at  the  other  extre«t 
together  the  distances  due  to  each  hour  mity  of  the  first  line,  making  an  ai^^ 
of  the  day  during  which  the  journey  is  of  75°,  the  complement  of  15°,  with 
prosecuted,  and  mis  wiU  give  the  whole  that  line :  then  we  shall  have  oonsbueted 
distance  to  be  set  down  for  each  day.  the  data  of  our  question,  (Art  9,)  and 
If  our  traveller  were  not  aware  of  the  the  triangle  a  bu  in  the  figure  repre^ 
existence  of  the  lake,  he  would  travel  sents  such  a  right  angled  triangle  as  we 
or  steer  N  W ;  but  we  suppose  him  ac-  have  been  descnling ;  measure  there- 
quainted  with  the  bearing  of  its  eastern  fore  a  b  and  a  D  as  l^ore,  and  ab  will 
point ;  he  will  naturally,  however,  keep  be  found  equal  to  about  45^  miles,  and 
as  near  to  the  true  direction,  or  course,  a  D  to  about  12i.    We  perceive,  there- 
as  he  can.    So  ships,  when  they  areim-  fore,  that  with  respect  to  difference  of 
peded  by  contrary  winds,  keep  as  near  latitude,  the  result  of  the  second  and 
to  their  true  course  as  circumstances  third  days*  work  is  36  miles  more  north- 
will  permit.    Now  we  have  seen,  (Art  ing  than  necessaiy ;  now  aD  =  c  Ct* 
11,)  that  the  nearest  course  the  traveller  and  ca  =  CD,for  the  four- sided  figure 
ean  hold  at  first  will  be  due  north ;  and  a  c  C  D  is  a  parallelogram, f  take  ca^ 
the  first  day,  or  during  the  first  24  hours,  C  D  =  94  from  a  6,  and  c  6  wiU  remain 
we  will  suppose  him  to  have  walked  33  =36  miles ;  take  a  D  =  c  C  =  12i  miles 
miles  in  that  direction,  when  he  arrives  from  B  C  C  «=  42^),  and  B  c  will  remaia 
at  D  the  eastern  extremity  of  the  lake;  =  30|  miles,  so  that  of  departure  30{ 
let  him  now  alter  his  course,  and  steer  miles  remain,  and  at  the  end  of  the 
for   the  point  6,  the   most  northern  third  day  s  journey  there  will  remain  to 
point   of  the  lake ;  let  him  ascertain  be  performed  36  miles  of  southing,  and 
his  second  and  third  davs'  course  to  3  0^  of  westing;  and  in  the  right  angled 
have  been  N  1 5°  W,  and  the  distance  triangle  B  c  6  we  have  ^  c=36  miles,  and 
travelled,  or  D  6,  47  miles.    During  the  B  c=30)  miles  given,  to  find  the  course 
second  and  third  days*  journey  our  tra-  B  6  c  and  distance  b  B.    Draw  therefore 
veller  has  a  mark  to  direct  his  steps,  viz.  two  straight  lines  perpendicular  to  eacli 
the  margin  of  the  lake ;  but  when  he  other,  the  one  proportional  to  36  mile* 
arrives  at  6,  he  will  have  no  means  of  and  the  other  proportional  to  30*  miles; 
determining   his    dh-ect    and   shortest  let  B  c  and  c  6  in  the  triangle  B  c  d  be 
course  from  thence  to  B,  except  by  means  those  lines,  measure  the  angle  B^c; 
of  the  distances  travelled  and  courses  and  it  will  be  found  =  40°,  and  *B» 
steered  during  the  first  three  days.    We  or  the  nautical  distance,  will  be  found 
have  seen  that  before  B  can  be  reached,  to  be  47  nules,  or  =  D  6;  so  that  the 
4  2i  miles  of  northing  and  westing  must  traveller   discovers  he  must  now  for 
be  made;  now  on  the  first  day  33  miles  the  rest  of  his  journey  steer  S  40°  W, 
northing  are  made   and   no  westing,  and  as  he  has  47  miles  left  to  corn- 
therefore  at  the  end  of  the  first  dajr  9^  plete  his  task,  we  may  suppose  that  he 
miles  northing  remain,  and  42^  westing,  takes  two  days  more  to  perform  it   We 
To  ascertain  the  result  of  the  second  shall  put  the  first  three  days'  journey 
and  third  days'  work,  we  have  the  dis-  into  a  table,  which  is  called  a  traverse 
tance  D^  =  47  miles,  and  the  anirle — ;« 

n  n  A  —  1  'i®  •  hiif  tVio  o««».1a  ^K^\       Jk..         •  SiiDion'* Euclid,  book  i.  prop.  88  A«d84i 
^Ji^  Tli  /V  V^    ..®  ?^8;le  a  *  D  =  the         +  Fn>m  two  Greek  words  Vgaifyuij  a  f^dUl 

angle    O  U  C,   for    it    is    a  property    of  drawing,    a  parmUrlogram  is  dtjined  to  be  a  foar- 

parallel    fines,*  that  when  a  straight  *»'*•**  ^^^  having  its  opposite  side*  pataiw,  aad 

r-3: r-^ — TTT—. — ;— r- ^  the  oppoisite  sides  aad  angles  of  such  a  figure  »i« 

*  Simson*s  Euclid,  book  i.  prop.  89.  proved  Xq  be  equal. 
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4Me,  and  the  construction  of  which 
will  be  snfficiently  explained  by  that 
which  has  preceded. 

Traverse  Table. 


COVTNS. 

Dist. 

33 
47 

DiSl  Lat. 

Departure.  | 

N. 

33 
45^ 

78J 

M. 

E. 

W. 

12i 
12i 

N. 
N  IS^'W. 

(15.)  If  there  had  hai^>ened  to  haye 
been  southing  during  these  three  days, 
we  should  have  subtracted  it  from  the 
northing :  the  same  remark  applies  to 
the  Departure  column,  m  case  there 
had  been  easting :  for  our  object  was  to 
ascertain  the  total  quantity  of  difference 
of  latitude  and  departure  made  good  in 
the  first  three  days,  for  the  purpose  of 
discovering  how  much  of  eacn  remained 
to  be  accomplished,  and  thus  we  found 
B  c  and  c  b,* 

(16.)  On  account  of  the  great  use  of 
Tight  angled  triangles  in  solving  pro- 
blems in  navigation,  tables  have  been 
calculated  called  Triwerse  Tables,  or 
Difference  of  Latitude  and  Departure 
Thbles,  which  give  the  value  of  the 
X)erpendicular  and  base  of  aright  angled 
'faiangle  to  every  angle  of  an  integral 
number  of  degrees,  which  the  hypote- 
nuse can  form  with  them,  and  to  every 
hypotenuse  from  1  to  300.  Solving 
ngnt  angled  triangles  by  these  tables  is 
called  smving  by  inspection. 

(1 7.)  The  same  principles  will  of  course 
apply,  whether  we  suppose  the  traverse 
to  have  been  performed  on  land,  or  by  a 
ship  at  sea.  Thus,  traverse  sailing,  or  in 
other  words,  resolving  cases  of  sailing  in 
which  a  traverse  is  performed,  consists 
siqaply  in  findin?  out  by  the  solution  of 
two  or  more  rignt  angled  triangles,  the 
total  amount  of  difference  of  latitude 
and  departure  actually  made  good  during 
the  traverse ;  l>earing  it  in  mind,  that 
opposite  courses  destroy  each  other, 
and  therefore  in  these  cases  the  less 
quantity  must  be  subtract^  from  the 
greater  :  for  instance,  suppose  that  a 
ship  during  a  traverse  of  eight  days, 
which  she  is  compelled  to  make  by  foul 
winds,  sails  239  miles  E,  240  W,  230 
N,  and  230  S  ;  it  is  manifest,  that  the 
two  last  distances,  being  equal  and  in  a 
contrary  direction,  destroy  each  other, 
and  that  the  ship  after  sailing  939  miles,is 

•  By  ealeQlation.  AC  =49.43,  aft=45  4,  a  D  = 
Hl17.*c=  35.97,  Bc  =  80JS,  Bfr=47«  and  Bfrc's 
=40»4'. 


only  one  mUe  distant  from  theplace  from 
whence  she  sailed ;  that  is,  she  will  ba 
found  one  mile  to  the  west  of  that  place 
at  the  end  of  the  traverse,  for  the  total 
amount  of  westings  exceeds  the  eastings 
by  one  mile.  This  is  called  resolving  a 
traverse. 

(18.)  We  shall  conclude  the  subject 
of  traverses  by  observing,  that  when 
several  different  courses  are  steered 
during  the  day,  the  total  distance  on 
each  course  must  appear  in  the  traverse 
table  for  that  day,  and  in  a  line  with  it* 
the  difference  of  latitude  and  departure 
due  to  that  distance  and  course.  In  ex- 
ample II.  it  was  our  object  as  much  as 
possible  to  preserve  an  analogy  between 
the  two  cases  of  travelling  on  land  and 
water ;  but  we  preferred  for  obvious  rea- 
sons illustrating  the  subject  of  traverses 
by  an  example  of  a  journey  on  land 
instead  of  a  voyage  at  sea. 

Chapter  III. 

The  Plane  Chart. ^Pilotage. ^Sailing 
in  Tides  and  Currents. 

(19.)  The  plane  chartis  a  representa- 
tion of  a  small  portion  of  tne  earth's 
surface  on  a  large  scale.  In  order  to 
construct  a  chart  of  ^is  description, 
we  must  ascertain  the  bearings  of  the 
objects  there  represented  from  each 
other;  this  maybe  done  by  surveying  the 
space  included  within  the  chart ;  we  then 
lay  down  the  objects  on  the  chart  ac* 
cording  to  their  several  ascertained  bear- 
ings. Figure  2,  for  instance,  may  be 
considered  as  a  chart  of  the  sur- 
face of  a  plain,  in  which  the  position  of 
a  village,  house,  and  lake  are  laid  down 
accordmg  to  their  several  bearings. 
Such  a  chart  it  will  be  readily  seen 
would  have  been  of  great  service  to  the 
traveller  in  the  example;  as  by  it  he 
could  have  ascertained  the  course 
he  ought  to  have  taken  on  each  day» 
without  the  trouble  of  going  through 
the  process  we  have  described :  and  if 
there  had  been  drawn  thereon  a  scale 
on  which  the  length  of  a  mile  in  the 
chart  had  been  exhibited,  he  could  there- 
by have  measured  all  the  distances.  A 
scale  is  therefore  generally  drawn  on  a 
map  of  this  description,  and  also  a  figure 
of  a  compass,  for  the  purpose  of  ena* 
bling  the  mariner  the  more  easily  to 
dete  mine  the  relative  bearing  of  one 
spot  on  the  chart  from  another.  The 
meridian  lines,  or  meridians,  ai«  drawn 
parallel  to  one  another,  (Art.  12.) 
(20.)  These  plane  charts  are  of  great 
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use  fo  pilots  and  the  masters  of  coast- 
ing vessels,  who  are  not  gmded  so  much 
by  the  principles  we  have  explained  in 
Chapter  II.  as  by  buoys,  soundings,  and 
the  bearings  of  ttie  different  headlands, 
lighthouses,  and  other  objects  on  the 
land,  in  sight  of  which  they  steer  their 
vessels.  At  night  thev  are  generally 
directed  either  By  the  bearings  of  the 
lights  on  the  coast,  or  by  the  compass  : 
for  they  are  taught  that,  in  order  to 
avoid  certain  dangers,  they  must  steer 
a  particular  course  from  one  point  to 
another.  The  bearing  of  any  object, 
in  sight  from  the  deck  of  a  ship,  is 
ascertained  imniedialely  by  looking  at 
the  compass.    (Art  45.) 

(21.)  As  maoy  rocks,  shoals,  and 
other  dangers  usually  exist  in  the  neigh- 
bourhood of  land,  and  they  are  for  the 
most  part  hidden  below  the  surface  of     two  lines  ABE,  C  D  E. 


the  water,  even  at  low  tide,  it 
pecuLar  province  ot  the  pilot  to  be 
acquainted  with  their  exact  situation. 
The  exact  situation  of  a  point  may 
always  Ije  determined  by  the  intersec- 
tion of  two  straight  lines,  drawn  from 
any  two  positions,  and  meeting  in  the 
required  point:  to  illustrate  this,  let 
i^g.  3)  represent  an  anchorage  within 


dropped,  this  spot  is  c ;  a  and  &  are 
shoals  marked  out   by  dots   and    tbe 
irT<^lar  lines ;  I,  an  island ;   A,  B,  C, 
and  D  are  objects  on  shore;  and  £  pointa 
out  the  siluation  of  a  hidden  rock  m  the 
very  middle  of  the  channel  to  the  har- 
bour, which  channd  lies  between    the' 
two   shoals  'a  and  b.     A,  B,  and  E,  are 
supposed  to  have  such  a  position  with 
respect  to  each  other,  as  to  he  in  the 
same  straight  line.     Butfhe  situation  of 
the  rock  E  is  not  determinable  by  the  line 
ABEalone;  for  if  the  pilot  know  only, 
thatit  is  situated  somewhoe  in  tbatline^ 
he  would  siill  t>e  ignorant  of  the  erRct 
spot  which  it  occupied.     But  if  the 
objects  D  and  C,  and  tbe  rock  E,  ar« 
so  situated  as  to  lie  in  the  same  straight 
line ;  then  it  is  obvious  that  the  point  E 
is  determined  by  the  intersection  of  the 
*  The  pilot 


would  then  have  infonnalion  sufficient  to 
enable  him  to  avoid  that  rock  in  con- 
ducting a  ship  to  this  anchorage :  for, 
in  coming  in  from  the  south,  suppose 
him  so  to  place  his  vessel  as  to  nave 
the  objects  A  and  B  in  one  line,  or  in 
one,  as  it  is  termed  by  seamen ;  now. 
he  knows  that  whilst  he  continues  to 
have  these  objects  in  one,  iie  is  in  the 
exact  line  of  the  rock :  but  so  long  as 
D  remains  open  to  the  left  of  C  be  will 
not  strike  upon  it.*  A  safe  mode  of  pro- 
ceeding might  l>e  suggested  in  tlus  case  i 
— let  him  keep  the  object  B  at  least  a 
ship's  length  open  to  the  right  of  A, 
and  he  wm  be  in  the  line  F  f  A  6  i  ; 
indeed  he  might  keep  it  as  far  open  to  llie 
right  as  he  pleases,  provided  he  avoids 
the  island  I,  and  the  shoal  a.  When,  in 
sailing  on  tliis  line,  he  arrives  at;,  h« 
brings  D  and  C  in  one,  and  he  knows 
the  exact  bearing  of  the  rock  E  from 
his  ship,  but  he  cannot  be  said  to  be 
clear  of  E  until  be  has  passed  the  point 
A,  which  is  situated  due  west  of  the 
rock ;  at  that  point  D  will  be  open  to 
the  right  of  C  a  certain  quantity,  say  a 
ship's  length  i  the  pilot's  direction  may 
now  be  expressed  in  technical  language : 
"  In  coming  from  the  south,  keep  B 
a  ship's  leflgth  open  to  the  east  of  A 
until  the  most  northern  point  of  island  I 
bears  SSW,  and  D  is  open  a  ship's 
length  to  the  east  of  C  ;  you  are  thea 


a  bay:  an  anchor,  in  charts  of  this 
description,  always  denotes  the  exact 
■pot  at  which  the  anchor  ^ould  be 


fcwpinj   Iwoo^Mrt  A  «lld  6  in 
link  Ihtir  gotin  bj  Ihii  inlmi 


u!.?!?fi'^ 
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clear  of  all  dangers,  and  may  steer 
NNE  for  the  anchorage  at  cr  The 
straight  lines  in  the  figure  show  the 
marks  that  are  to  be  us^  as  guides  in 
entering  the  bay,  and  the  marks  them- 
selves are  callea  the  leading  marks, 

(22.)  Piloting  vessels  is  however  ren- 
dered in  many  cases  very  difficult,  by 
the  necessity  which  exists  of  taking  into 
account,  and  allowing^ for  the  effects  of 
tides  and  currents.  These  effects  may 
be  shown  by  supposing  AB  D  C  (>?^.  4) 

Fig,  4. 


to  be  a  trough  containing  water ;  let  a 
l^t  body  b  float  on  the  surface  of  the 
water  along  Hie  line  A  C,  whilst  the 
trough  itself  is  l>ein^carried  in  the  di- 
rection A  B  B',  or  C  D  D' :  at  the  same 
instant  of  time  at  which  the  trough 
takes  up  the  new  position  A'  B'  IV  C', 
let  the  body  b  arrive  at  the  point  C  : 
now  the  point  C  is  transferred  to  C\ 
and  at  mat  point  will  the  body  b  be 
found  at  this  time.  This  is  exactly 
what  happens  in  the  case  of  a  ship 
acted  on  by  a  current  or  tide ;  whilst 
the  ship  performs  any  particular  course, 
due  west  for  instance  as  in  the  figure, 
the  current  compels  her  to  penorm 
another  course  in  the  direction  of  its 
set,*  and  a  distance  proportional  to  its 
velocitv ;  this  new  course  and  distance  are 
entered  in  the  traverse  table,  and  taken 
into  account,  as  if  the  ship  had  made  them 
without  the  assistance  of  the  current : — 
it  amounts  to  the  same  thing  in  prac- 
tice ;  for  as  the  whole  surface  of  water 
A  B  D  C  is  supposed  to  move  in  the 
direction  A  B  B ,  the  same  quantity  of 
difference  of  latitude  and  departure  is 
made  good  in  that  manner,  as  if  the 
ship  b  after  its  arrival  at  C  had  sailed 
directly  from  C  to  D,  and  the  water 
had  remained  stationaiy ;  in  both  cases 
C  a  will  represent  the  difference  of 
latitude  made,  and  a  D  the  departure. 

Chapter  IV. 
On  Tides  and  Winds.  ^ 
(23.)    Thb  alternate  rise  and  fall  of 

*  The  direction  of  a  current  is  called  it«  $et  ;  a 
current  that  flows  to vonb  the  NNW  quarter  is  snid 
to  set  NNW:  the  Telocitv  of  a  current  is  called  its 
dr\ft. 


the  waters  of  the  ocean,  called  tides, 
is  produced  by  the  attractive  forces 
of  the  sun  and  moon :  now,  as  those 
attractive  forces  vary  inversely  as  the 
square  of  the  distances  of  the  bodies  at- 
tmcting  from  the  bodies  attracted,  (that 
is,  become  less  in  the  same  proportion 
as  the  squares  of  those  distances 
become  greater,)  and  as  the  moon, 
though  much  smaller,  is  nearer  to  us 
than  the  sun,  her  effect  in  raising 
the  waters  is  ^ater  than  that  of 
the  sun,  which  is  comparatively  vexy 
small.  The  earth  bv  its  diurnal  mo- 
tion round  its  axis  nom  west  to  east 
(see  Art.  62)  causes  an  apparent 
daily  revolution  of  the  moon  round 
the  earth  in  a  contrary  direction. 
The  waters  of  the  sea  follow  the  moon 
in  this  her  apparent  course,  so  far 
as  the  irregularities  of  the  land  and 
shores  will  admit  of.  It  might  be  sup- 
posed, therefore,  that  under  these  cir- 
cumstances it  must  be  always  high 
water  at  anyplace  when  the  moon  is 
over  it :  but  this  is  not  the  case,  for 
when  the  waters  have  once  begun  to  rise 
they  will  continue  to  rise  after  tiie 
cause  which  influences  them  has  pro- 
duced its  maximum  effect,  for  it  does 
not  then  cease  to  act  entirely.  High 
water,  therefore,  is  observed  to  happen 
about  three  hours  after  the  moon  has 
passed  any  place,  or,  as  it  is  called, 
passed  the  meridian  ofthaiplace. 

The  moon  produces  two  tides  of  high 
water  at  the  same  time,  one  at  places  on 
the  earth*s  surface  nearest  to  her,  and 
another  at  those  on  the  opposite  side  of 
the  globe,  which  are  the  most  removed 
from  her :  for  she  attracts  the  centre  of 
the  earth  more  than  the  sea  on  tiiat 
opposite  side,  as  being  nearer  to  her, 
the  effect  of  which  is  to  draw  that 
centre  away  from  the  sea,  and  as  the 
sea  is  left  behind,  it  appears  to  rise.' 
When  the  sun  and  moon  are  together, 
as  at  new  moon,  they  combine  their 
forces  in  causing  the  tides,  and  make 
spring  tides ;  and  the  same  thing  hap- 
pens at  full  moon  when  the  moon  is 
opposite  to  the  sun;  but  when  the 
moon  is  in  quadratures,  or  half>way  be- 
tween the  change  and  fiill  and  full  and 
change,  the  whole  action  of  the  sun  in 
causing  tides  is  directly  opposed  to  that 
of  the  moon,  and  thiis  produces  neap 
tides. 

We  have  seen  that  there  is  high  water 
at  two  spots  on  the  surface  of  the  earth* 
immediately  opposite  to  each  other,  at 
the  same  iastant  of  time;  and  there 
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wBl  be  low  water  predsdj  at  the  sane  PART  IL 
time,  at  all  places  which  are  90^  distent                          Chapter  I. 
from  the  two  places  of   high  water,  ^^  »,            ,  ^_.     •    f  ^  •  .,.  • 
(Art  35  and  36.)    The  actibn  of  the  0«  Plane andSohencai  Trtgmu^metni 
sun  sometimes  accelerates,  and  some-                            Xd>gar%tnm9. 
times   retards,  the   tides  produced  by  (25.)  Ws  have  seen,  that  the  ▼vrioui 
the  moon.    The  time  of  high  water  at  lines,  the  nia^tudes  of  which  were  the 
any  particular  place  is  much  affected  subjects  of    investigation  in  the  first 
by  local   circumstances ;    but,  having  Part,  constituted  the  sides  of  triangle^ 
ascertained  the  time  of  high  water  at  that  supposed  to  be  drawn  up(Hi  a  plane  smr- 
place,  at  the  full  and  change  of  the  face.    When  we  proceed  to  take  iolo 
moon,*  we  are  enabled  to  iind  it  at  any  consideration    the    giolnilar  or  round 
other  time,  supposing  the  longitude  of  figure  of  the  earth,  it  will  not  be  neces- 
the  place  known,  by  means  of  the  N<m*  sary  on  that  account  to  make  any  altera- 
Hcei  Almanac^  and  a  table  calculated  tion  in  our  hypothesis,  with  respect  to 
lor  the  purpose.  the  nature  of  the  lines,  the  values  of  which 
(24.)  In  a  belt  extending  about  30°  it  is  necessary  to  ascertain;   for  the 
on  each  side  of  the  equator,  the  wind  is  magnitude  of  the  curved  lines,  which 
observed  to  blow  all  the  year  round  from  a  vessel  makes  in  traversing  the  round 
nearly  the  same  quarter  of  the  heavens :  surface  of  our  globe,  is  calculated  in 
to  the  north  of  the  equator  it  blows  practice,  through  the  medium  of  cer- 
nearly  from  the  N£  quarter,  and  to  the  tain  imaginary  straigfU   lines,   which 
south    of  the  equator   from   the  S£  are  prov^  to  be  either  equal  to  such 
quarter.    These  winds,  from  the  great  curved  lines,  or  to  have  a  known  re* 
assistance  which  they  afford  to  com-  lation  to  them ;   such  ima^nary  linen 
merce,  are  called  the  N£  and  SE  trad6  form  the  sides  of  plane*  triangles,  and 
winds.     When  ships  are  bound  from  present  no  greater  difficulties  to  the  cat- 
Europe  to  the  West  Indies,  or  to  any  culator,  than  the  lines,  the  values  oi 
part  of  North  America,  south  of  the  which  have  been  hitherto  obtained  by 
parallel  of  about  38^  they  seek  the  aid  the  method  of  construction, 
of  these  winds,  but  when  they  return,        (26.)  In  this  our  second  Psii,  thoan 
they  keep  awa}r  to  the  northward  for  the  imaginary  lines  will  be  invented,  aiicl  the 
purpose  of  avoiding  them.   In  December  triangles  resolved ,  which  they  constitufe^ 
the  N£  trade  is  found  to  the  south  of  It  is  clear,  therefore,  that  the  partieular 
the  line,    and  on  the   other  hand  in  branch  of  mathematical  science,  which 
June,  the  S£  trade  makes  its  appear-  professes  to  teach  the  prc^rtioos  and 
ance  to  the '  north  of  the  line ;  but  the  rules,  derived  from  the  relation  which 
8£  trade  is  at  other  seasons  of  the  year  subsists  between  the  sides  and  angles 
often  found  as  far  to  the  north  of  the  of  triangles,  must  be  of  primaryimport- 
fine  as  the  second  degree  of  north  lati-  ance  in  our  present  inc^uiries.  The  name 
tude.  The  space  between  the  second  and  of  that  branch  is  Tngonameirv,'f  and 
fifth  degrees  of  north  latitude,  is  the  in-  it  forms  the  subject  of  the  first  ci»pter. 
ward  boundary  of  these  winds ;  in  this        (27.)  £vefy  triangle  having  ox  paits, 
8pace,stonns,  sudden  squalls,and  violent  the  three  sides,  and  the  three  angks» 
rains,  are  of  frequent  occurrence;  but  (Art.  3,)  one  of  the  principal  objects  of 
here  likewise  the  wind  often  blows  from  tlie  science  of  trigonometry  is  to  dia- 
the  eastward,  and  also  from  the  SW.  cover  rules,  by  which,  if  some  of  thoan 
There  are  periodical  winds,  which  blow  parts  be  given  the  others  can  be  found 
half   the  year  in  one   direction,  and  — Rules  have  accordingly  been  duco^ 
half  the  year  in  the  opposite  direction,  vered,  by  which,  if  any  three  of  tkom 
these  are  called  monsoons :  they  are '  par  is  be  given,  a  side  being  aUoays  one^ 
found  in  the  Bay  of  Bengal,  the  Arabian  the  other  three  can  be  found.    In  right 
Sea,  the  Mozambique  Channel,  on  the  angled  triangles,  as  the  right  angle  is 
coasts  of  Sumatra  and  Java,  along  the  always  given,  if  any  two  of  the  remain- 
coast  of  China,  and  off  the  western  coast  ing  parts  be  given,  a  side  l)eing  one,  the 
of  New  Holland.    October  and  April  rest  can  be  found. 

are  the  two  months,  in  which  the  change  

in  the  direction  of  these  winds  usually  ,.  •  a  j^tejie  triangle  is  one  whose  iHdp«f*«t^^ 

4^.  t  ^  Imes;  and  the  term »  used  m  contnidwtinctioD  to  ft 

luces  piace.  tpherical  triangle,  the  sides  of  which  are  farmed  bf 

-— — ; — ■ pordonsof  th4»  circles  of  a  sphere.    ThiawiU  h«  cz- 

*  It  is  on  this  account  that,  in  books  of  rovages,  plained  hereafter. 
the  time  of  high  water  at  diiferent  places  at  the  fuU         t  From  two  Greek  words,  •ifnifyittg'  dke 

Mmd  change  of  the  moon  is  so  often  to  be  met  with.  cf  trianglet. 


NAVIGATION. 


11 


(28.)  It  appears  from  article  1,  that 
whatever  number  of  arcs  may  be  de- 
flcribed  and  intercepted  between  the 
lines  containing  any  angle,  (which  are 
called  its  legs  or  sides,)  they  contain 
an  equal  number  of  divisions  or  de- 
crees, &c.  If  the  arc  is  large,  the  divi- 
sions are  of  course  proportionally  large, 
«s  the  number  of  such  divisions  is  the 
same  in  all  circles ;  and  it  is  found  in 
fact,  that  the  size  of  any  diviaon  ,is  in 
exact  proportion  to  the  radius*  of  the 


cirde,  or  to  flie  length  of  a  strif^^  with 
which  every  circle  may  be  conceived  to 
be  described.  This  truth  is  expressed 
technically,  by  saying,  the  circumfer" 
ences  of  drclee,  and  correeponding 
parte  of  them,  vary  at  their  radii. 

(29.)  Certain  relations  subsist  between 
the  ndes  and  angles  of  all  triangles ; 
and  tiiey  are  determined  through  the 
medium  of  circles  and  right  angled  tri- 
angles. Construct yjjg".  5,  by  drawing  the 
three  circles  having  the  same  centre  C, 


i%.5. 


and  then  diamcAers  at  right  angles  to 
each  other,  as  there  represented ;  draw 
^e  line  C  M  M'  M^  and  from  the  points 
M.  M',  M*'  draw  the  lines  M  F,  M'  F, 
M^F'  perpendiculars  to  the  diameter 
jy^  A",  then  the  three  right  angled  trian- 
gles FMCFM'C,  and  F'M"C  will 
be  equianmlar,  that  is,  will  have  all  the 
angles  of  flie  one  equal  to  all  the  an^es 
of  the  other,  each  to  each ;  for  the  right 
angle  in  every  one  is  of  course  equal  to  the 
rig^t  angles  in  the  others,  and  the  angle 
at  C  forms  the  angle  at  the  base  to  every 
one  of  the  three  triangles,  that  is,  it  is 
common  to  all  the  Ihr^ ;  and  as  all  the 
angles  of  a  plane  triangle  are  together 
equal  to  two  ri^t  angles  (Art.  5)  the 
remaining  or  thnrd  angle  must  be  equal 
in  all  the  triangles ;  for  that  angle  is  the 
complement  (Art.  5)  of  the  angle  at  C 
in  each  of  the  triangles.  Now  all  plane 
triangles  which  are  equiangular,  have 
thesides  which  contain  the  correeponding 
equal  angles  proportional ;  that  is,  the 
sides  which  contain  the  right  angle  in 

*  From  the  Latin  wofd  rodiiiM^  (the  plural  of  whiek 
it  radiij  which  tignifiei  the  spoke  of  a  wheel ;  these 
radii  areof  eeuie  all  equal  to  one  aiwther. 


each  are  proportional  to  the  sides  con- 
taining the  right  angles  in  the  others, 
and  the  same  is  true  o?  the  other  angles  :* 
hence  CM  :MF  ::CM':M'F,  CM: 
MF::CM'':M''F',  and  CM':M'F 
: :  C  M" :  M''  F',  and  the  same  is  true 
of  lines  similarlv  drawn  in  any  number 
of  circles ;  but  the  lines  C  M,  C  M^  and 
C  M'',  are  radii  (see  Art.  28)  of  the  re- 
spective circles,  and  the  lisu&s  M  F» 
M'  F,  and  M"  F'  are  called  the  eines-Y  of 
the  angle  at  C  ;  the  line  M  F  is  called 
the  sine  of  the  angle  at  C  to  radius  C  M, 
M'  F  the  sine  of  the  same  angle  to 
radius  C  M',  and  M""  F'  the  sine  of  the 
same  angle  to  radius  C  M'^ ;  also  the 
three  equiangular  triangles  have  the 
sides  about  the  angle  at  C  proportional^ 
orCM:CF::CM^:CF:CM^^CF^; 

*  Simeon's  Euclid,  book  6.  prop.  4.  Whea 
frianiflee  are  equiangular,  and  have  the  nides  eon- 
taining  corresponding  equal  angles  proportional,  the 
triangles  are  said  to  be  timilar^  and  the  correspoad- 
ing  Bides  are  called  komologoMtt  that  is,  having  the 
same  ratio.  The  propotition  referred  to  in  thit  mote 
is  one  of  the  mott  useful  and  important  in  ^e^melry^ 

t  The  origin  of  this  word  is  doubtful,  it  is  pr»- 
bably  from  the  Latin  word  s iaas,  which  is  itself  • 
translation  of  the  Arabian  word  Jeib  n  6o«om,  the 
Arabian  name  for  a  sine.  See  Preface  to  Untton'i  Lo> 
garithms. 
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now   the  lines  CF.  C  F,    and    C  F' 
are  termed  the  cosines  of  the  ang^le  at  C 
to  the  three  radii  C  M,  C  M',  and  G  M" ; 
so  that  the  sine  of  any  angle  may  be  de- 
fined to  be,  a  line  drawn  from  one  ex- 
tremity of  the  arc  on  which  the  angle 
stands,  perpendicular  to  a  diameter  of 
the  circle  to  which    the  arc  belongs, 
passing  through  the  other  extremity  of 
the  arc ;  and  the  cosine  of  an  angle  to 
be  that  part  of  the  same  diameter  which 
is  intercepted  between  the  sine  and  the 
centre  of  the  circle :    the  proportions 
before  stated  may  now  be  more  techni- 
cally expressed  as  follows,  radius  (C  M) : 
the  sine  or  cosine  of  any  angle  (M  F  or 
C  F)  to  radius  CM::  any  other  radius 
(C  M')  :  the  sine  or  cosine  of  the  same 
[angle  (M'  For  C  F)  to  that  other  radius 
C  M'.  So  tiiat  if  we  could  only  know  the 
value  of  one  sine  or  cosine  of  a  certain 
number  of  angles,  and  the  radius  to 
which  these  sines  or  cosines  were  cal- 
culated, we  should  then  have  two  terms 
in  a  proportion,  or  rule  of  three  sum,  and 
then,  having  a  third,  we  should  be  able, 
without  difficulty,  to  find  the  fourth  term. 
Now,  in  fact,  we  do  know  the  values  of 
one  radius  and  one  sine  and  cosine  to 
every  second  in  the  circle;  we  have 
tables  calculated  which  give  the  pro- 
portionid  value  of  the  sine  and  cosine  of 
each  angle  to  an  assumed  radius ;  and 
therefore  when  we  wish  to  know  the 
value  of  any  other  sine  or  cosine,  the 
only  other  thing  requisite  to  be  known 
besides  the  angle  itself,  is  the  value  of 
the  radius,  to  wnich  this  latter  sine  or  co- 
sine is  referred ;  and  on  the  other  hand, 
if  we  wish  to  know  the  value  of  a  new 
radius,  we' must  know  the  value  of  a 
sine   or  cosine  to  that  radius.    To  il- 
lustrate   this,    suppose   the    angle    at 
C  =  43°,^nd  the  line  C  M  or  radius 
=  in  value  to  the  radius  in  the  tables, 
or  unity ;  now  as  the  tables  give  Uie  value 
of  the  sine  of  any  angle  to  the  radius 
C  M  ( =  1 ),  if  we  wish  to  know  the  length 
of  the  line  M'F,    and  we  know  the 
length  of  the  Une  C  M'  (suppose  C  M'= 
2)  we  can  immediately  fincl  the  line  M'  F 
by  the  following  proportion,  C  M  (1): 
tabular  sine  of  43^  (=  0,682)  : :  CM' 
(2)  :  the  answer  =  1,364. 

(30.)  We  are  also  enabled  in  the 
same  manner  to  ascertain  the  values 
of  certain  other  lines  which  we  shall 
now  proceed  to  define.  The  tangent 
of  an  angle  cr  arc»  is  a  line  drawn 

^  •  The  lines  M  F.  C  F,  M'  F',  C  F',  &c.  are  called 
■ines  and  cosines  to  the  arcs,  as  well  as  to  the  angle 
which  the  arcs  measure. 


firom  that  extremity  of  the  arc  through 
which  the  diameter  of  the  circle  passes, 
(which  extremity  is  called  the  bcfrm- 
ning  of  the  arc,)  perpendicular  to  thai 
diameter,  touching   tne  circle  but  not 
cutting  it,*  and  terminated  bv  the  ra- 
dius of  the  circle  produced,  and  passing 
through  the  other  extremity  of  the  arc : 
the  radius  thus  produced  until  it  meets 
the  tangent,  is  called  the  secant  of  the 
angle  or    arc,  from  the    Latin    word 
secans  which  signifies  cutting;  thus,  in 
Jig,  6,  A  T  is  the  tangent  of  the  arc  A  M 
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and  angle  ACM,  CT  the  secant,  MF 
the  sine,  and  C  F  the  cosine ;  also  the 
difference  between  any  arc  and  9(P  is 
called  the  complement  of  that  arc  ;  and 
the  difference  between  any  arc  or  angle 
and  180^,  is  called,  the  supplement  of 
that  arc  or  angle ;  thus  in  jf|g.  6,  a  M 
and  the  angle  a  C  M  are  the  comple- 
ments of  the  arc  MA  and  the  angle 
MCA,  and  DM  and  DCM  ai«  Sie 
supplements  of  the  same  arc  and  angie. 
Now  it  is  easily  demonstratedf  (see  note 
Art.  14)  that  C  F  the  cosine  of  the  angle 
M  C  A  =  /M  the  sine  of  the  an^le 
a  C  M,  and  that  M  F  the  sine  of  uie 
angle  M  C  A=/  C  the  cosine  of  the  angle 
a  C  M ;  that  is,  the  cosine  of  any  arc 
or  angle  equals  the  sine  of  its  comple- 
ment, and  the  sine  of  any  arc  or  an^ 
equals  the  cosine  of  its  complement; 
and  the  lines  CF^  at  and  C  t  derive  the 
names  of  cosine,  (X>tangent,  and  cose- 
cant, from  the  circumstance  that  they 
respectively  rej^resent  the  sine,  tangent, 
and  secant,  ot  the  complement  of  the 
arc  or  angle  named ;  thus  the  line  Ct  is. 
called  the  cosecant  of  M  C  A,  or  the 
secant  of  its  complement  M  C  a ;  and 
the  line  a  /  is  the  cotangent  of  the  angle 
M  C  A,  or  the  tangent  of  its  comple- 
ment. • 

*  From  this  cirenmstanee  the  line  derires  its  n«ne« 
it  being  called  tangent  from  the  Latin  word  tangems^ 
which  signifies  touching. 

t  Simson's  Euclid,  book  J.  prop.  S8  aad  84 
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The  terms  we  have  used  are  abbrevi- 
ated as  follows : 

For  sine  of  AM,  or  AC M,  write 
sin.  AM,  or  sin.  ACM,  and  in  the 
tame  manner,  for 

Cosine       write    Cos. 

Tangent    .  .  .  •   Tan. 

Cotangent  .  .  .    Cot 

Secant Sec. 

Cosecant  ....    Cosec. 

Radius Rad. 

(31.)  Now,  as  the  triangles  F  C  M  and 
ACT  are  similar,  we  have  the  propor- 
tion C  F  :  C  M  : :  C  A  :  CT,  or  cos. : 
rad.  : :  rad.  :  sec.:  and  by  similar  tri- 
anglesaC/,  MCF,  Ot  :aC  ::  CM: 
F  M,  or  cosec.  :  rad.  : :  rad. :  sin.  Also 
(Art.  29  and  30)  tabular  rad. :  tab.  sin. 
cos.  tan.  or  sec  : :  new  or  given  rad. :  sin. 
COS.  tan.  or  sec.  to  the.  new  or  given  rad., 
or  sin.  cos.  tan.  or  sec.  to  new  or  given 
rad.  =   tab,    sin.    &c.  x  new  rM. , « 

tab.  rad.  ' 

and  if  the  tab.  rad.  =  1,  the  sin.  cos.  &c. 
to  the  new  rad.  =  tab.  sin.  &c.  x  new 
i^.  So  that  if  any  three  paris  of  tiie 
right  angled  triangles  C  F  M  and  CAT 
are  ^ven,  a  side  being  always  one,  the 
other  three  may  be  found.  - 

(32.)  There  are  two  kinds  of  trigono- 
metrical tables,  the  first  kind  contains 
the  sines,  cosines,  &c.  of  an^s,  calcu- 
lated to  the  radius  unity.  The  sines, 
cosines,  tangents,  and  secants  in  these 
tables  to  n^us  1,  are  called  natural, 
to  distinguish  them,  from  those  con- 
tained in  the  second  description  of 
trig:onometrical  tables,  which  are  called 
artificial  or  logarithmicf 

(33.)  The  artificial  or  logarithmic 
sines,  &c.  are  far  more  frequently 
used  than  the  natural ;  for,  by  a  pecu- 
liar artifice,  they  are  so  constructed, 
that .  in  all  cases  in  which,  were  it  not 
for  this  invention,  it  would  be  neces- 
sary to  multiply  natural  sines,  &c.  by 
each  other,  we  need  only  add  the 
logarithmic  sines,  &c. ;  and,  in  cases 
in  which  we  should  be  compelled  to 
divide  a  natural  sine  or  cosine,  &c.  by 
another,  we  need  only  subtract  the  loga- 
rithmic sine,  &C.  wluch  represents  the 
divisor  firom  the  logarithmic  sine,  &c.  4 
which  represents  the  dividend ;  this 
contrivance,  it  will  readily  be  seen,  must 
often  save  much  time  and  labour.  There 
are  also  logarithms  of  numbers  of  the 

*  The  prodact  of  the  second  and  third  terms 
divided  by  the  first.  Bee  the  Treatise  on  Alcebra, 
<Art.l27andlS8.) 

t  From  tiro  Ghreek  words,  /o^s  and  arithmos, 
which  signify  the  number  of  ratios  or  propmiiom, 
or  the  number  showiiif  the  proportion. 


same  construction,  and  presenting  the 
same  facilities  to  the  computer.  Iliis 
word  logarithm  in  calculations  is  always 
abrid^  by  writing  log, ;  and  the  loga- 
rithmic sine  of  the  arc  A  M  is  written, 
log.  sin.  A  M. 

We  shall  hereafter  have  occasion  to 
employ  these  logarithms,  and  to  illus- 
trate their  use  and  nature  by  examples. 

The  radius  of  the  logarithmic  tables 
is  10.000,000.000 ;  our  equation  m  Art. 
31 ,  when  used  with  these  tables,  becomes 
log.  new  sin.,  &c.  =  log.  tab.  sin.,  &c.  + 
log.  new  rad — log.  tab.  rad.  The  loga- 
rithm of  the  radius  in  the  artificial  tables 
is  10. 

(34.)  There  are  also  proportions,  by 
means  of  which,  when  any  three  par{s 
of  an  oblique  angled  plane  triangle  are 
given  (except  the  three  angles)  the  other 
three  may  oe  found.  In  the  case  of 
spherical  triangles  also,  both  right 
angled  and  oblique  angled,there  are  pro- 

Portions  which  enable  us,  three  parts 
eing  ^ven,  to  determine  the  other  three : 
and  with  respect  to  .spherical  triangles 
there  is  this  peculiarity,  that  even  where 
the  three  angles  only  are  given,  the  other 
parts,  c7/;r.the  three  sides,  may  be  found, 
and  the  whole  triangle  determined. 

(35.)  A  sphere  is  a  solid  shaped  like 
a  ball,  or,  to  use  the  language  of  science, 
bounded  by  a  curve  surface  of  such  a 
nature,  that  every  point  thereon  is  si- 
tuated at  an  e^ual  distance  from  a  point 
within  the  solid  called  the  centre.  A 
great  circle  of  a  sphere  is  that  whose 
plane  passes  through  the  centre  of  the 
sphere ;  it  divides  the  sphere  into  two 
equal  parts,  and  has  the  same  centre  as 
the  sphere  itself.  In  fig,  7  the  circle 
A  £  B  C  D,  the  plane  ot  which  passes 
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through   the  centre  F  of  the  sphere  Chaptbr  II. 

PEp  are  respectiveiy  halves  of  great  -^     ^Maj^nit^tdj*  nf  Am  w^^^ir^ 

circles;   all  gi?at  circles  of  the  same  —Magnitude  of  the  Earth. 

sphere  are  equal.  The  plane  of  a  email  (36.)  Wb  shall  take  fig.  7  to  represent 
circle,  does  not  pass  through  the  centre  the  globe  or  sphere  of  the  earth ;  •  the 
of  the  sphere.     In  fls.7,  abed  repre-  small  circle  a^cd  is  supposed  to   be 
sents  such  a  circle.    A  spherical  triangle  parallel  to  the  great  circle  A  E  B  C  D, 
is  conceived  to  be  formal  on  the  surftice  and  consequently  perpendicular  to  its 
of  some    sphere,    three    great    circles  secondaries;  a  Gc  and  AFC  are  diame^ 
of  which  intersect  each  other  in  such  ters  of  those  circles,  and  the  point  e  is 
a  manner  that  their  arcs  enclose  on  a  point  in  which  the  small  circle  meets 
that  surface  a  triangular  space ;  thus  the  great  circle  P  E  p. 
A  E  P  is  a  spherical  triangle.    If  a  dia-  (37.)  This  being  premised,  P  and  p 
meter  of  a  sphere  (P  Fp)  be  drawn  per-  may  represent  the  north  and  south  pole9 
pendicular  to  the  plane  of  a  great  circle  of  the  earth,  the  great  circle  A  £  B  C  D 
of  that  sphere  (ABC  D),  the  two  ex-  will    then   represent  the  equator^    or 
tremities  of  that  diameter  P  and  p  are  equinoctial,  or,  as  it  is  called  by  sea- 
called  the  po/^^  of  that  great  circle.  Every  men,  the  line;  the  poles  of  which  are 
spherical  angle  is  supposed  to  be  con-  the  poles  of  the  earth.    All  secondaries 
tained  between  the  arcs  oi  great  circles ;  to  the  equator,  as  P  Ap  C,  P  £p,  See. 
and  the  angle  thus  formed  on  the  surface  are    called  meridians  ;   the   diameter 
of  the  sphere  is  equal  to  the  angle  con-  P  F  p  wiU   represent  Uie  art>,  round 
tained  between  the  planes  of  the  great  whicn  the  earth  turns  eveiy  24  hours  ; 
circles  which  form  it ;  thus  the  spherical  and  all  small  circles,  eaaocd,  paralM 
angle  A  P  E  is  equal  to  the  plane  angle  to  the  equator,  are  eaUed  pasndMe  af 
contained   between     the     semicircular  latitude. 

]>lanes  P  Ap,  PEp,  at  their  intersec-  (38.)  Let  €^  b,  d,  e,ff  and  |^  be  six 

tion  Pp ;  and  it  is  measured  by  the  arc  places  on  the  earth*s  surface ;  then  the 

A  E  of  the  great  circle  AE  B  C  D  inter-  meridian  Ve^fp  passing  throuich  the 

cepted  between  these  two  planes,  the  places  e  and/,  is  called  the  moridian  of 

poles  of  which  great  circle  are  the  two  those  places ;  and  the  meridian  P  a  A  p 

extremities  P  and  p  of  that  diameter,  is  called  the  meridian  of  Hie  place  a,  and 

which  forms  the  common  intersection  of  of  all  other  places  situated  on  the  semi- 

the  two  planes.  circle  P  a  A  p  ,*  for  the  meridiaa  of  any 

A  great  circle  passing  through  the  place  is  the  secondary  to  the  equator 

poles  of  another  great  c'u-cle  is  called  a  which  passes  tiirough  it ;  the  aze  of  that 

secondarj/  to  it,  and  secondaries    are  secondary  intercepted  between  the  place 

perpendicular  to  the    great  circle    to  and  the  equator  is  called  the  laMude  of 

which  they  are  secondaries  ;  also  the  that  place ;  thus  tiie  arc  a  A  represents 

arcs    of   a  secondary  intercepted    be-  the  latitude  of  the  place  a,  the  arcs  e  E 

tween  the  poles  and  the  circumference  and/£  the  latitudesof  the  places^  and ^ 

of  the  great  circle  to  which  it  is  secon-  If  the  place  is  situated  on  the  north  »de 

dary,  are  all  quadrants,  or  contain  90°.  of  the  equator,  its  latitude  iacaUed  north 

Thus  the  great  circle  P  A  p  C,  passing  latitude ;  if  on  the  south  side,  its  lalitude 

through  the  poles  P  and  p  of  the  great  is  called  south  latitude ;  tiiius  «  is  in 

circle  A  E  B  C  D  is  called  a  secondary  north  latitude,  and  /  is  in  south  lati* 

to  that  circle ;  and  the  arcs  P  A  and  P  C,  tude. 

p  A  and  p  (3,  as  also  the  arcs  of  all  (39.)  I^aees  sitaatod  on   the  same 

other  secondaries,  intercepted  between  parallel  of  latitude,  as  a  and  e,  have  the 

the  poles  P  and  p,  and  the  circumfer-  same  latitude ;  for  tiie  arcs  of  seeonda- 

ence  of  the  great  circle  A  B  C  D,  are  ries,  intercepted   between  thor  great 

quadrants.*  dicle  and  a  small  cirde  parallel  to  it, 

or  between  two  small  dretes  paralleL  to 

""  their  great  circle,  arc  equaL 

•  The  abo.e  is  to  be  «m«detM  merely  a.  a  sbort  ^.  ^f^'^  '^'iL^?^^'^^^  P^^'  '*' 

view  of  the  most  practical  and  elementary  part  of  mStanCO    IHWI    a   partieular   menoaan, 

triMnometry.    The  subject  caoaot  be  fully  treated  Cldlcd  the  Jtrtt   meridian,  measured   On 

pntii  the  tituden t  h%s  made  oonsmerable  progress  boih 

in  algebra  and  geometry.    We  refer  him  to  the  rrea-  •^— — — — ^^-^— — — ^— ^— — — — — 

tise  on  trigonometry,  which  will  be  published  here-  *  The   evth   is  not  strictly  i^lMrual,  b«K    f»r 

after.    In  a  subsequent  part  of  the  algebra  the  man-  th«  pvrpnses  of  aaTigatioB  it  ■»▼  te  so   ooan- 

nerof eonstTvctinglogaritlHiieUbles,aadtheirnse,  dered.    (Sm  the  Trsatiw  m  iirafUmrt>»l 

will  be  fiilly  explained.  f  raphy.) 
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the  arc  of  the  equator,  intercepted  be- 
tween the  first  meridian  and  the  meri- 
dian of  the  place;  suppose  PaApto 
be  the  particular  meridian  which  is 
called  the  first  meridian,  then  the  arc  of 
the  equator  A  E  will  represent  the  longi- 
tude of  the  places  e  and/;  for  it  follows 
from  the  above  definition,  tliat  all  places 
on  the  same  meridian  must  have  the 
same  longitude. 

(4 1 .)  If  the  meridian  passing  through 
the  Royal  Observatory  at  Greenwich,  be 
that  which  is  called  tlie  first  meridian, 
places  will  be  said  to  have  east  or  west 
longitude,  according  as  they  are  situated 
to  Uie  east  or  west  of  that  meridian ; 
thus,  e,f,  and  6,  have  all  east  longitude, 
but  a  place  don  the  opposite  side  of  the 
globe  has  west  longitude. 

(42.)  The  arc  ef,  intercepted  between 
the  two  places  e,  /,  represents  their 
difference  of  latitude;  and  it  follows 
from  that  which  has  preceded,  that  the 
arc  of  any  meridian  or  secondary  to  the 
equator,  intercepted  between  the  paral- 
lels of  latitude  passing  throujjh  any  two 
places,  will  represent  their  difference  of 
latitude,  (art  39 ;)  thus,  if ^/be  part  of 
a  parallel  passing  through /and  g,  ga 
wm  also  represent  the  difference  of  lati- 
tude between  e  and/,  and  between  g 
and  tf,  and/  and  a. 

(43.)  The  difference  of  longitude  be- 
tween any  two  places  is  represented  by 
the  arc  of  the  eqaator,  intercepted  be- 
tween the  moidiaas  passing  through  the 
two  places ;  which  arc  also  measures  the 
spherical  angle  at  the  p<des  included 
between  the  two  meridians,  (Art.  35 ;) 
thus,  the  arc  A  £,  or  the  spherical  angle 
APE,  represents  the  difference  of  lon- 
gitude between  the  places  a  and  «,  and  g 
and  tf, -and /and  a. 

(44.)  The  magnitude  of  the  earth  is 
that  of  a  sphere  of  about  7916  English 
miles  in  diameter ;  and  a  sphere  which 
has  a  diameter  of  that  size,  must  be 
about  24869  English  miles  in  circum- 
ference. Now  the  great  circles  of  the 
earth  are  supposed  to  be  divided  into 
360°, that  is,  into  21600',  (Art.  J)  and  a 
geograpfwxil  or  nautical*  mile  ii  ^  of  a 
ci^ree  of  a  great  circle  of  the  earth,  or 
one  minute  of  such  a  circle,  (Art.  1  ;) 
therefore  a  great  circle  contains  only 
21600  nauiuxil  miles,  whilst  it  contains 
a4S69  commonor etatute  miles;  or  a 
common  mile  is  to  a  nautical  mile,  as 
SI  600  to  24869 ;  to  express  this  propor- 
tion in  feet  we  must  say. 


^  From  tlieOrMk  w«rd  ««% 


21600  :  24869  : :  5280  feet  :  6079,089 
feet.    , 

Hence  a  geographical  or  nautical  mile  is 
about  6079  English  feet. 

Chapter  III. 

On  the  Mariner's  Compass. — The  half 
Minute  Glass. — Mariner's  Scales, — 
Mercator's  Chart, 

(45.)  The  course  of  a  ship,  or  the  angle 
which  her  track  makes  with  the  meri- 
dians of  the  globe,  is  determined  by  the 
compass.  A  circular  card,  represented 
in  f^.  8,  has  a  magnetized  bar  of  steel 
attached  to  the  back  of  it,  so  as  to  form 
one  of  its  diameters ;  this  diameter  is 
supported  horizontally  on  a  point,  and  is 
exactly  balanced  on  its  centre,  so  as 
to  allow  it  to  turn  round  freely  with  the 
card  in  every  direction ;  that  diameter 
of  the  circular  card  which  is  marked 
with  the  letters  N  and  S,  standing  for 
north  and  south,  and  with  a  star  at  each 
extremity,  shows  the  position  of  the 
maenet  below:  it  is  the  property  of 
such  a  bar,  when  thus  balanced,  to 
point  nearly  to  the  North  Pole,  and  it 
carries  the  letters  N  and  S  on  the  card 
alons  with  it  into  the  same  position. 
The  horizon  of  every  place  is  supposed 
to  be  divided  into  thuty-two  parts,  or 

Eoints,  called  by  the  names  represented 
y  letters  in  Jig.  8.    When  the  bar  of 
steel  has  earned  thehorizontaJ  card  into 
the  position  above  described,  the  thnrty- 
two  lines  or  points  marked  in  the  figure 
will   be  opposite  to  thirty-two  corre- 
sponding points  in  the  horizon,  which 
are  called  by  the  same  names  as  those 
abridged  in  the  card,  so  tluit  the  circu- 
lar card  is  an  artiftciU  representation  of 
the  horizon  of  any  place.    These  points 
are  each  subdivided  into  four  parts, 
called  quarter  points.    If  there  be  an 
object  opposite  to  one  of  these  Unes  of 
the  card,  sav  that  marked  SW  b  S  or 
south  west  by  south,  that  object  is  said 
to  bear  (Art.  12)  SW  b  S   from  the 
spectator  at  the  compass.    This,  how- 
ever, may  not  he  the  true  direction  or 
bearing  of  that  object,  it  may  be  only 
the  magnetic  bearing;  for  the  magnet 
razdy  points  truly  north,  it  is  sut  ject 
to  two  errors  from  different  causes, 
ttie  one  a  cause  which  acts  continu- 
ally, and  the  other  local;  the  effect 
produced  by  the  former  is  cidled  the 
variation,  aad  that  produced  by  the 
latter  the  deination;  these  errors  wOl 
be  adverted  to  hereafter ;  their  amount 
is  easily  asoeitained ;   and  they  esta- 
blish the  distinctiaa  between  irue  ami 
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magnetic  courses  or  bearings .  The  card 
we  have  described  is  by  a  particular 
contrivance  so  suspended,  that  it  re- 
mains perfectly  horizontal,  notwith- 
standing the  various  irregular  motions 
and  concussions  to  which  a  ship  at  sea 
is  liable^ 

In  the  inside  of  the  box  containing 
the  card,  there  are  two  black  vertical 
lines,  which  lie  in  an  imaginanr  straight 
line  drawn  through  the  ship,  irom  head 
to  stem,  and  which  coincide  respectively 
with  the  N  and  S  points  of  the  card  or 
compass,  when  the  ship*s  head  is  towards 
Ihe  magnetic  north,  or  the  north  which 
that  compass  shows ;  so  that  when  the 
ship's  head  is  directed  towards  any  other 
point,  the  points,  or  quarter  points,  which 
are  then  opposite  to  these  vertical  lines, 
show  the  pomts,  or  quarter  points,  of  the 
horizon  to  which  the  head  and  stem  of 
the  ship  are  then  directed ;  now  as  the 
circle  of  the  compass  card  is  divided 
into  32  equal  parts,  each  point  must 
contain  11^  15';  so  that  if  the  points 
marked  on  the  card  N  b  W  and  S  b  £ 
coincide  with  the  vertical  lines  in  the 
new  position  of  the  ship,  (the  N  b  W 
with  the  vertical  line  towards  the  head, 
and  the  contrary,)  the  straight  line  drawn 
through  the  ship  makes  an  angle  of  1 1^ 
15'  with  the  line  drawn  towards  the  mag- 
netic north,  or  the  magnetic  meridian, 


as  it  is  called ;  if  the  ship  were  now  to  set 
sail,  and  to  sail  with  her  head  in  this  po- 
sition, her  apparent  course  would  be 
N  b  W,  and  her  track  or  wake  would 
make  an  angle  of  1 1^  15'  with  the  mag- 
netic meridian  ;*  in  this  manner  are  ships 
steered  by  the  compass  :— the  card  af 
some  compasses  is  divided  into  degrees  ; 
a  compass  of  this  description  would  show 
at  once  the  an^le  which  the  line  drawn 
through  the  ship's  head  makes  with  tJie 
magnetic  meridian. 

(4  6.)  In  heaving  the  log  at  sea,  the  half 
minute  is  measifed,  not  by  a  seconds 
watch,  but  by  a  half  minute  glass,  which 
differs  from  a  common  hour-glass  in 
nothing  but  the  time  the  sand  takes  to 
mn  out 

(47.)  Besides  the  plain  diagonal  de- 
cimal scale,  of  which  we  have  spoken* 
(Art.  7,)  there  are  others,  the  most 
useful  of  which  is  that  called  Gunter*s« 
But  as  these  scales  only  enable  the  ma- 
riner to  solve  problems,  in  which  no 
ereat  accuracy  is  required,  we  shall 
do  no  more  than  mention  them,  and  not 
stop  to  explain  their  utility. 

(48.)  We  have  already  described  a 
plane  chart,  (Art.  19,)  it  remains  to  ex- 
plain the  principles  on  which  a  chart  is 
constructed  of  much  greater  practical 

•  Thin  would  be  the  caw  if  the  ship  were  makasg 
no  leewaj  at  tha  time.  Sea  Art.  95. 
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utility,  called  a  Mercators  Chart,*  This  :  cos.  of  the  latitude  in  which  that  pa- 
chart  exhibits  a  most  convenient  and  rallel  is  situated.  It  is  this  proportion 
ingenious  manner  of  representing  the  of  radius  to  the  cosine  of  the  latitude  of 
surface  of  the  globe  on  a  plane.  The  the  parallel,  which  is  preserved  in  a 
meridians  of  the  globe,  or  secondaries  Mercaior*s  Chart.  As  on  tlie  globe 
to  the  equator,  are  drawn  parallel  to  one  the  length  of  1',  taken  on  a  parallel, 
another  in  this  chart,  as  in  the  plane  becomes  very  small  as  we  approach 
tjhart ;  and  therefore  the  parts  oi  the  the  pole,  compared  with  its  length  on 
parallels  of  latitude,  intercepted  be-  a  meridian ;  it  is  evident  that,  as  all  the 
tween  any  two  meridians,  must  be  equal  parallels  in  our  chart  are  equal  to  the 
to  one  another,  and  to  the  intercepted  equator,  in  order  to  preserve  this  pro- 
part  of  the  equator  in  all  latitudes ;  for  portion,  our  meridians  must  be  very 
tliese  parallels  of  latitude  cross  the  considerably  lengthened ;  and  the  more 
parallel  meridians  at  right  angles,  and  so  as  we  approach  nearer  to  the  pole,  in 
form  a  number  of  four-sided  figures,  the  neighbourhood  of  which  the  natural 
which  are  all  right  angled  parallelo-  parallels  are  so  vety  small.  It  is  the  mode 
grams ;  (see  note  Art.  14.)  the  difference  of  lengthening  these  meridians  in  pro- 
of longitude  between  any  two  places  may  portion  as  the  parallels  on  the  chart 
therefore  be  measured  on  these  parallels,  are  lengthened  beyond  their  natural  size, 
as  well  as  on  the  equator  itself;  and  the  we  have  now  to  investigate, 
distance  between  any  two  meridians  is  Now,  cos.  lat. :  rad. : :  rad. :  sec.  lat. 
in  all  latitudes  the  same,  and  ei^ualto  (Art.  31,) 
their  difference  of  longitude :  the  pro-  and  our  proportion  becomes, 
portion,  however,  which  subsists  be-  Len^h  of  l'  on  parallel :  length  of  1' 
tween  the  parts  of  meridians,  and  the  on  meridian  : :  rad. :  sec.  lat. 
«ame  elementary  parts  of  parallels,  on  We  began  by  observing  that  the 
the  globe,  is  accurately  preserved  in  a  parts  of  meridians  on  our  chart  were  to 
Mercator*s  Chart  in  all  latitudes.  If  we  have  the  same  proportion  to  the  same 
look  at  fig.  7,  we  shall  perceive,  that  elementary  parts  or  parallels,  as  they 
though  a  9  in  that  figure  is  the  same  have  on  ue  globe :  that  proportion  we 
part  of  the  small  circle  ae  b  cd,  that  have  just  expressed ;  and,  therefore,  in 
A  £  is  of   the  circle  A  E  B  C  D,  or  our  chai't  also, 

equator ;  yet  that  it  is  much  shorter  in'       l'  on  parallel :  1'  on  meridian : :  rad. 

length ;   and  therefore  one  minute,  for  :  sec.  lat.  or, 

example,  or  any  other  elementary  purt  1'  on  parallel :  rad. : :  l'  on  meridian : 

or  division  of  a  circle,  must  be  smaller  sec.  lat.  (See  Algebra,  Art.  127  and  128.) 

on  that  circle  than  on  the  larger  circle.  Let  us  commence,  therefore,  the  con- 

(see   Art.   28,)    which   represents  the  struction  of  the  chart  by  drawing  a  line 

equator;   in  fact,  the  lengUi  of  A  £ :  to  represent  the  equator,  divide  it  into 

length  of  a  e  ::  rad.  of  equator  :  rad.  equal  parts,  which  we  will  csdl  1'  each ; 

of  parallel ;    that  is,  A  E  :  a  ^  : :  A  F  draw  parallels,  and  through  the  equal 

:  a  G*,  for  Uiose  lines  are  the  radii  of  divisions  of  the  equator  d^aw  the  meri- 

thee<}uator  and  the  parallel;  but  a  G  is  dians  parallel  to  one  another,  and  at 

the  sme  of  the  arc  a  P  to  radius  A  F,  right  angles  to  the  equator ;  and  the  pa- 

which  arc  is  the  complement  of  the  rallels  will  likewise  be  divided  into  equal 

latitude  of  the  place  a,  tnerefore  a  G  is  paitsof  1'  each.  Now  if  we  suppose  that 

the  cosine  of  the  latitude  of  a;  (Art.  29  the  line  which  represents  1'  of  longitude 

and  38 ;)  also  the  len^h  of  a  minute,  on  on  all  the  parallels,  or  on  the  equator  of 

a  meridian  of  the  globe,  is  equal  to  the  our  chart,  represents  also  the  length  of 

length  of  a  minute  on  the  equator}  for  the  radius  of  the  natural  trigonometrical 

all  great  circles  of  a  sphere  are  equaL  tables,  it  is  evident,  looking  at  our  pro- 

Hence  we  have,  portion,  that  I'on  a  meridian  should  also 

Length  of  1'  on  meridian  :  length  of  1'  represent  the  natural  secant  of  the  lati- 

on  parallel :  :  rad. :  cos.  lat.  of  parallel,  tude  in  which  the  measure  is  taken ;  or 

Therefore  in  the  glol)e  the  proportion  the  parallel  of  the  latitude  of  one  minute, 

between  the  length  of  an  elementary  part  for  example,  ought  to  intercept  between 

of  a  meridian  and  the  length  of  the  same  itself  and  the  equator  a  line  equal  to  the 

elementary  part  of  a  parallel  is,  as  rad.  secant  of  I'to  a  radius  equal  to  1'  on  a 

_ _  parallel ;  for  the  two  firet  terms  in  our 

•Mer(«tornew^TQlg«dUi«priBcipl««onwWch  proportion  are  made  equal,  the  other 

fce  constnicted  the  ehart«  which  iNar  his  name.    It  WnT  ♦»io..«r/^^    •«.i«4-   u^            i      .  *'™* 

was  to  Mr.  EdwaidWriffhMhateeieneewM  indebted  ***^    tnerclore    must   be  equal:    m    the 

lor  the  Ant  expoeition  of  those  principles.  same  manner,  when  we  draw  the  pa* 

c 
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raUd  of  the  latitude  of  2',  we  must  lon^tude;  the  whole  of  her  prosrress 

make  it  intercept  between  itaelf  and  the  during  the  voyage,  has  been  efPective 

parallel  of  1'  aline  equal  to  the  natural  only  in  changing  her  latitude  :  the  noM- 

secant  of  2'.    Hence  to  find  the  distance  iical  dUiance  also  which  she  has  made^ 

of  any  parallel  in  the  chart  from  the  is  the  arc  of  a  great  circle  of  the  earth, 

equator,  or  the  number  of  lines  repre-  and  the  number  of  miles  in  that  distance, 

senting  elementary  parts   of  parallela,  which  is  ascertained  by  the  process  of 

which  the  part  of  tne  meridian  inter-  heaving  the  log,  is  the  number  of  mi- 

cepted  between  them  contains,  we  have  nutes  in  the  arc  /  e^  and  represents  the 

only  to  add  the  natural  secants  together,  difference  of  latitude  ;  so  that  by  that 

aintil  we  arrive  at  the  secant  of  the  process  alone,  the  ship^s  place  at  e  can 

given  parallel :  thus  the  part  of  the  me-  be  determined.    In  this  mstance  only, 

ridian  intercepted  between  the  equatcx*  and  when  she  sails  on  the  equator,  is  a 

and  the  parallel  of  5',  or  the  prqjected  ship,  steered  by  a  compass,  able  to  trace 

meridian,  as  it  is  called,  out  the  arc  of  a  great  circle  of  the  earth ; 

=  sec.  1'  +  sec.  2'  +  sec.  3'  +  sec.  4'+  and,  consequently,  these  are  theonJy  two 

sec.  5',  cases  in  which  a  ship,  sailing  on  any 

This  distance,  which  we  have  found  given  course  from  pomt  to  point,  takes 

for  the  parallel  of  5',  is  called  also  the  Oie  shortest  possible  road  between'those 

meridional  parU  of  5' ;  tiie  meridional  points : — ^for  the  arc  of  a  great  circle  is 

parts  or   distances   are   computed  to  the  shortest  line  which  can  connect  two 

every  minute  of  the  quadrant  as  far  as  points  on  a  sphere.     (See  the  Treatise 

86°,  and  inserted  in  tables.*     It  is  fre-  on  Math.  Greog.  chap.  7.) 

^uently  necessary,  in  the  solution  of  (50.)  Next  let  us  suppose  the  ship  sails 

nautical  problems,  to  refer  to  the  number  due  west  from  e  to  a ;  ^  evidentlv  does 

of  these  meridional  parts  intercepted  be-  not  change  her  latitude,  for  she  sails  on  a 

tween  the  parallels  of  two  places,  in  Ueu  paralld  of  latitude  all  the  points  in  which 

of  their  real  or  natural  difference  of  lati-  have  the  same  latitude,  (Art.  39.)    This 

tude.    This  circumstance  has  introduced  second  case,  however,  is  not  ouite  so 

the  terms,  proper  difference  of  latitude,  simple  as  the  former,  unless  indeed  the 

and  meridtonal  di^erence  of  latitude;  ship  sails  on  the  equator  itself;  for  here 

the  latter  term  being  used  to  express  the  the  heaving  the  log  only  gives  the  length 

number  of  meridional  parts  intercepted  of  the  arc  of  the  parallel  ^  a,  whilst  the  ma- 

between  the  parallels  of  any  two  places  xiner,  in  computing  the  place  of  his  ahip^ 

on  the  earth's  surface,  when  they  are  must  know  the  chan^  of  \oi^tude,whidft 

delineated  on  a  Mercator's  Chart  so  much  nautical  distance  sailed  on  that 

^               -^.  particular  pandlel  produces ;  thi^is,he 

Chapter  IV.  must  know  the  length  of  the  arc£A 

.Principles  of  Natngation, — Invention  on  which  the  difference  of  longitude  is 

and  Construction  of  the  Four  Tri-  measmed ;  but  we  have  seen  (Art.  48} 

I    angles. — Proportions  derived  tkere^  that, 

from, — Examples.  cos.  lat  :  rad.  ::ea:EA, 

<49.)  When  a  ship  sails  due  north  or  due  and  therefore  E  A= e'a  x  ■        -  ; 

south  she  does  not  alter  her  longitude,  '      cos.  lat. 

and  when  she  sails  due  east  or  west  she  consequently,  from  this  equation,  E  A 

does  not  alter  her  latitude.    These  are  may  be  found,  and  the  place  of  the  ship 

file  two  most  simple  cases  that  can  be  determined.     This  is  called  a  case  of 

|nroposed,  in  which  it  is  necessaiy  to  take  parallel  sailing. 

into  account  the  spherical  figure  of  the  If  we  take,  however,  any  right  angled 

-earth,  and,  therefore,  with  these  cases  we  triangle  BE  F,   (see/^.  11,  page  22.) 

^rill  commence.  B  E  :  E  F  :  :  rad. :  cos.  B  E  r,  or  B  E 

Let  us  suppose  the  ship  (Jig.  7)  to  rad. 

sailon  a  meridian  from  the  place /to  the     ='EF  x p  ^  „  ,  (Art.  29.)  Make 

place  e,  now  the  loi^tude  of  these  two  , , '            ^       ,\.^^         i  * 

places  is  the  same,  (Art.  40,)  and,  con-  therefore  the  angle  BEF  equal  to  any 

sequently,  the  ship  has  not  changed  her  P^®"  latitude,  and  if  E  F  represents  the 

•— =- — length  of  the  part  of  the  parallel  which 

^f\i!!^Z^^^'^  **"!*••  ^^t*:^  ^o''«7«'j  '^^  addition  a  ship  has  traversed  in  that  latitude,  or 

of  the  natviul  seeanta  is  not  the  method  resorted  to,      !i_       '^  ,,  -c      •«  *  *i,«  a\»^ 

9»  the7  ou  b«  oakalated  more  eonrenieiidy  and  coar-  ^^  8^^  «  «»  ^  E  Will  represent  the  dltfer- 

rectiy  from  the  expression,  en^e  of  lonffitude  made,  or  the  arc  £  A. 

SipEL-.  'uu.^f^.+pl3;,<bV'i^iuS.y*  Suppose  thit  a  ship  sails  twenty  nifl««m 

JWiTnua.  No.  *»/          i-P^oyiT.  Bauey.  theparaUel  of  London,  Ui«a  if  B  E  F» 
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the  latitude  of  London,  B  E  the  differenoe 

of  loneitude= -    - ,  -r-= about  32  miles. 
^^  COS.  lat. 

So  that,  in  resolving  cases  of  parallel 

sailing,  we  need  not  concern  ourselves 

with  the  sphere,  but  may  advert  to  this 

right  angl^  triangle,  by  which  we  may 

see  exhibited,  and  may  measure,  the 

comparative  lengths  of  the  corresponding 

parts  of  the  parallel  and  equator.    We 

shall  now  show  that  all  cases  of  sailing 

tohatever  may  be  resolved  throtigh  the 

mecUum  of  right  angled  triangles, 

(51.)  We  proceed  to  the  third  and  by 
far  the  most  difBcult  case,  where  the  ship 
sails  neith^  on  a  meridian,  nor  the 
equator,  nor  on  a  parallel ;  in  which  case 
she  is  continually  changing  both  her  lati- 
tude and  longitude. 

In  flg.  9,  let  P  represent  the  north 
];>ole  of  the  earth,  PF  and  PE  parts  of 
meridians,  and  A  G,  M  L,  and  F  E  por- 
tions of  parallels  of  latitude ;  let  the  ship 
sail  from  A  to  E.  It  is  required  to  in- 
vestigate rules  by  which,  if  the  nautical 
distance  sailed  and  course  be  given,  the 


Fig,  10. 


differences  of  latitude  and  longitude  be- 
tween any  two  places,  as  A  and  E,  may 
be  found ;  and  conversely,  if  the  differ- 
ences of  latitude  and  longitude  be  given, 
the  nautical  distance  and  course  may  be 
found.  It  will  be  necessary,  however, 
first  to  define  some  lines  of  which  we 
shall  have  occasion  to  speak. 

The  curve  A  E  in  the  figure,  which  is 
the  line  the  ship  traces  out  in  sailing 
from  A  to  £,  without  altering  her  course 
by  compass,  is  called  a  rhumb*  line.  A 
rnumb  line  may  be  defined  to  be  the 
shortest  line  which  can  join  two  points 
on  the  globe,  cutting  all  the  meridians 
which  tt  crosses  a/  the  same  angle. 

FVom  the  nature  of  the  compass  it  is 
evident,  that  a  ship*s  way,  so  long  as  she 
steers  the  same  coiu^ef  by  a  compass, 
must  make  the  same  angle  with  every 
meridian  she  crosses;  she  therefore 
must  trace  out  the  line  we  have  defined ; 

*  This  MUM  is  derived  from  the  PortngneM  ynad 
ricmfto,  or  ntmOf  which  signifiee  a  coiine. 
t  Whea  there  in  bo  ieeway,  ^see  Art.  65.) 


and  the  angles  cA^  rfc/,  fee.  which 
her  track  makes  with  the  meridians,  of 
courses,  must  be  all  equal  to  one  ano^ 
then  The  angles  a  ship*s  way  makes 
with  the  equator  and  parallels,  when 
fi^e  sails  on  a  meridian,  or  with  meri- 
dians, when  on  the  equator  or  parallels, 
are  equal,  since  they  are  always  right 
angles.  The  oblique  rhumb  line  is  called 
also  the  Loxodromic  curve,  from  two 
Greek  words  signifying  an  oblique 
course,  and  is  a  line  of  a  very  peculiar 
nature ;  it  is  a  spiral,  and  has  the  re- 
markable property  of  winding  round  and 
round  the  pole  of  the  earth,  constantly 
approaching,  yet  never  reaching  it :  so 
that  if  a  ship  could  sail  on  the  same 
oblique  course  for  ever,  she  woxild  ap- 
proach infinitely  near,  either,  to  the 
north  or  south  pole,  but  could  never 
actually  reach  them. 

In  the  triangle  A  P  E,  A  E  represents 
the  nautical  distance,  and  therefore  the 
portion  of  a  rhumb  line  intercepted 
oetween  any  two  pieces  through  which 
the  rhumb  line  passes,  is  their  nauticai 
distance;  A  F  also  represents  the  differ- 
ence of  latitude,  and  the  angle  E  A  F 
the  course. 

The  meridian  distance  made,  is  the 
distance  between  the  meridian  arrived 
€U  and  the  meridian  left,  measured  on 
the  eauaior,  or  the  parallel  on  whi6k 
the  skip  is;  thus,  when  a  ship  sails 
from  A  to  E,  F£  is  the  meridian  dis- 
tance she  has  made ;  but  when  she  sails 
from  £  to  A,  then  G  A  is  the  meridian 
distance;  and  when  she  sails  on  a 
parallel,  or  tiie  equator,  the  arc  of  the 
parallel  or  equator  she  describes  is  itsdf 
her  meridian  distance.  In  parallel  sail* 
ing,  therefore,  the  ship  actually  meof^ 
eures  her  meridian  distance  as  she  pro<- 
ceeds;  but  in  sailing  on  an  oblique 
rhumb  line,  it  is  the  oblique  rhumb  Ime 
which  she  measures. 

(52.)  Construct  /Jg^.  9  thus,  suppose 
the  rhumb  line  A£  divided  into  four 
equal  parts  in  the  points  e,  d,  and  e; 
and  through  those  points  draw  three 
meridians  ;  then  draw  the  parts  of  pa^ 
rallels  bc,fd,  and^«;  the  result  is  the 
formation  of  the  four  small  triangles 
Abe,  cfd,  dge,  and  ehE;  but  if 
instead  of  four  small  triangles,  con* 
structed  in  the  manner  above  mentioned, 
we  were  to  imagine  many  thousand,  in 
short,  an  indefinite  number  so  con- 
structed, by  a  continual  subdivision  of 
the  rhumb  line  A  E,  and  a  continual 
drawing  of  meridians  through  the  points 
of  division,  and  to  consider  the  triangli 

C  2 
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Abe  one  of  such  infinitely  small  tri-  that,  sum  of  aU  the  A  c's  :  sum  of  all  the 

■angles  ;  then  the  bases  b  c,  «c.  of  these  A  ft's  : :  A  c  :  A  6,  that  is,    A  c  :  A  ^  : : 

numerous    triangles    added    together.  A"  E":  A"  F".  Now  it  is  deoionstrated  m 

would  represent  what  is  termed  the  de-  treatises  on  geometry,*  that  if  two  tri- 

parture  made  in  sailing  from  A  to  E  ;  angles  have  one  angle  of  the  one  equal 

jind  as  an  arc   of  a  parallel  of  lati-  to   one   angle    of   the   other,    and  tJie 

tude,  or  of  the  equator,  between  any  sides  about  the  equal   angles  propor- 

two  places,  may  be  supposed  to  consist  tionals,  the  triangles  are   equiangular, 

of  an  infinite  number  of  such  smaJl  lines,  and  consequently  similar ;  we  hare  seen 

it  represents  the  departure  between  the  that  the  two  triangles  A  6  c.  A''  P^E^  are 

two  places  by  which  it  is  intercepted,  so  circumstanced,  and   therefore  they 

That  this  departure  answers  to  the  line  are  equiangular,  but  Abe  is  a  rigfat 

which  we  have  called  the  departure  in  angled  triangle,  therefore  A"  F"  E*  is  also 

the  first  Part,  will  appear  from  the  fol-  a  right  angled  triangle ;  and  Ab  :  bc:i 

lowing  considerations :  as  the  triangles  A" F':  F' E" ;  and  we  have  shown,  Ab  z 

Abe,  &c,  are  indefinitely  small,  the  lines  be  ::  sum  of  all  the  A  b's  :  sum  of  aJl 

composing  them  may  be  assumed  to  be  the  b  c*s,  but  the  sum  of  all  the  A  6's  = 

straight  hues  ;    suppose,  therefore,  the  A''  F',  and  the  sum  of  all  the  h  c's  =  the 

ship  to  sail  at  first  only  from  A  to  c,  an  departure ;  therefore  the  last  proportion 

indel&nitely  small  distance ;  in  this  case  becomes,  Ab  :  6 c  : :  A"  F'  :  departure 
the  line  6  c  represents  the  line  we  have  A"F'x&c 

hitherto  called  the  departure,  for  it  is  a  hence  departure  = j-r — ,  but  P^* 

straight   line    perpendicular  to  a    me-        a"F'    h 

ridian ;  so  when  the  ship  continues  her  =  — l_^ir5,hence  F'E"  =  the  depaitore. 
Togage  and  arrives  at  E,  she  has  sailed  Ab  -^ 

over  an  indefinite  number  of  lines,  all  So  that  we  have  arrived  at  this  conclu- 

equal  to  Ac;  now  the  very  small  right  sion,  that  when  a  ship  sails  on  an  oblique 

angled  triangles  Abe,  &c.  have  their  rhumb  line,  and  the  nautical  distance 

hypotenuses  equal,  and  all  the  angles  made  forms  the  hypotenuse,  and   the 

of  the  one  equal  to  all  the  angles  of  the  course  forms  the  angle  at  the  vertex  of 

others,  each  to  each,  therefore  the  tri-  a  right  angled  plane  triangle ;   the  per- 

angles  are  equal  and  similar;*  there-  pen£cular  of  that  triangle  wili  represent 

fore  the  ship  has  also  made  an  indefinite  the  difference  of  latitude,  and  the  base 

number  of  small  departures  all  equal  to  the  departure  made;  if  any  two  th«re« 

and  identical  with  be;  therefore  their  fore  of  tiiese  four  parts  be  given,  the 

sum  be  +  &c.  must  be  the  departure  to  others  can  be  found ;  the  trian^e  being 

thesumAc+ &c.  or  Actakenasmany  a  right  angled  triangle.     It  appears, 

times  as  b  c,  or  the  nautical  distance  A  K.  therefore,  that  the  departure  made  by  «. 

As  the  several  small  elementary  tri-  ship,  may  be  defin^  to  be,  /S^  mm  of 

mngles  A  6  c,  &c.  are  equal,  whatever  cdl  the  successive  elementary  meridiem, 

number  of  times  the  line  A  E  contains  distances,  when  the  nautical  distance  it 

the  line  A  c,  the  same  number  of  times  assumed  to  be  divided  into  an  indefinite 

will  the  sum  A6+  &c.  contain  Ab,  number  of  equal  parts, 
and  the  sum  be  +  &c.  contain  be;        The  departure  therefore  is  a  species 

hence  we  have  sum  of  all  the  A  c's  :  sum  of  imaginary  quantity,  the  result  of  an 

of  all  the  A 6s  : :  A c  :  Ab ;  and  sum  of  hypothesis  made  for  the  purpose  of  ob- 

«  A*'*  •  ^"°*  ^^  ^  bc's::Ab:bc,  taining  a  str^ght  line  to  represent  it 

But  the  sum  A  6  +  &c.  =  A  F  the  dif-  We  shall  presently  discover,  however, 

ference  of  latitude ;   (Art.  42 ;)  and  the  that  it  is  of  great  utiUty  as  a  connecsling 

sum  6  c  +  &c.  =  the   departure.     Let  link ;  for  it  joins  and  adapts  the  rule  for 

there  be  a  plane  triangle  A"E"F",t  the  solution  of  cases  of  parallel  sailing  tQ 

having  the  angle  at  iU  vertex  A",  or  cases  of  sailing  on  an  oblique  rhumb  hne, 
E"  A"^F',  equal  to  the  angles  cAb,  &c.        Let  the  mendians  in  y?g.  1 0  be  the  re- 

or  the  course,  and  having  the  side  A"  E"  presentation  on  a  Mercator's  Chart  of 

equal  to  the  number  of  nautical  miles  in  the  meridians  in  Jig.  9,  marked  with  th^ 

the  spiral  line  A  E,  and  the  side  A"  F'  same  letters  without  the  dashes ;  then  a 

equal  to  the  number  of  nautical  miles  straight  line  A'  E'  will  represent  the 

in  the  difference  of  latitude  A  F ;   in  rhumb  line  A  E  on  such  a  chart ;   for 

Othw    words,    letA"E"==AE,    and  that  line  has  been  defined  to  be  the  short- 

A''F^=  AF;  we  have  already  proved  est  line  that,  in  connecting  two  places, 

•  Simson'n  Euclid,  book  1.  prop.  26.  and  book  6.  B^   A'  and   E',  CUtS  sdl  the  mericuans  it 

Aiop.  4.  and  C Art.  5.)  - 
t  The  triap£l«  A"  JST  ¥"  ii  not  drawn.  •  Simson's  Euclid,  book  6.  prap.  C 
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c'          crosses  at  the  same  angjle ;  and  as  the        We  shall  now  explain  another  mode- 
meridians  on  a  Mercator's  Chart  are  pa-  by  which  the  solution  of  such  cases  may 

r  rallel,  and  a  straight  line  is  the  shortest  be  effected  through  the  medium  of  the 

line  that  can  be  drawn  between  two  imaginary  line    called   the    departure. 

II  points ;  it  follows,  that  the  straight  Ihie  This  method  is  called  middle  latitude 

I  A' E' (which  is  not  only  the  shortest  line  sailing, 

{  that  can  be  drawn  between  the  two        Let  M  L  (Jfg.  9)  be  an  arc  of  the 

%  points  A'  and  E',  but  also  in  crossing  the  parallel  of  latitude   half  way  between 

meridians  makes  equal  angles  with  them  the  parallels  of  F  and  A,  or  the  paral* 

all)*  answers  completely  to  our  definition  lei  of  the  middle  latitude.    We  perceive 

r  of  a  rhumb  line  ;  and  those  angles  or  on  inspecting  the  figure,  that  all  the  ele- 

courses  must  be  equal  to  the  courses  of  mentary  parts  of  the  departure  h  c,  Scc: 

'.  the  former  figure ;   divide  this  rhumb  with  the  exception  of  the  last,  are  less* 

Kne,  as  before,  indefinitely  into    equal  than  corresponding  intercepted  parts  or 

i  "  parts  in  c',  &c.  and  let  the  meridians  pass  the  meridian  distance  F  E,  but  greater 
through  these  divisions ;  complete  the  than  the  corresponding  intercepted  partr 
elementary  triangles  by  drawing  the  parts  of  the  meridian  distance  AG;  that  is, 
of  parallels  *  it  is  evident,  that  these  new  the  one  meridian  distance  is  too  great* 
right  angled  triangles  A'  1/  cf,  &c.  are  and  the  other  too  small  to  represent 
also  aU  equal,  similar,  and  identicfd  the  departure.  This  is  not  the  case, 
triangles ;  and  they  are  all  similar  not  however,  with  respect  to  the  arc  of  the 
only  to  the  triangle  A' T  E',  but  also  to  middle  parallel ;  its  corresponding  parts 
the  triangles  Abe,  &c.  in  the  former  fi-  are  neither  all  greater,  with  one  excep- 
gure,  and,  lastly,  to  the  triangle  A"  F'  E"  tion,  nor  all  smaller  than  the  parts  of  de- 
for  every  one  of  these  triangles  has  the  parture,  but  some  are  greater  and  some 
angle  at  its  vertex  the  same ;  and  they  smaller ;  that  is,  on  one  side  of  the  arc 
are  right  angled,  consequentiy  their  third  of  the  middle  parallel  are  parts  of  de- 
angles,  (Art.  5,)  or  the  angles  at  the  parture  less,  and  on  the  other,  parts  of 
base,  must  be  equal ;  therefore  also  they  departure  greater ;  and  inasmuch  as 
must  be  all  similar  to  one  another,  and  this  is  caus^  by  the  reffular  divei^ency 
have  their  sides  about  the  equal  angles  of  the  meridians  as  we  approach  the 
proportionals,  hence  we  have  equator,  we  may  fairly  infer,  that  the 
A'F:  FE'::  A"F':  F"E\  defect  of  the  parts  of  the  arc  of  the 


latitude,  and  F'  E"  the  departure.  Hence  middle  parallel  intercepted  between  the 
we  have  meridians  of  any  two  places  is  nearly 
mer.diff.  lat.  :diff.long.  :;prop.diff.  lat.  equal  to  the  departure  made  in  sailing 
:  departure  (A.)  from  the  one  place  to  the  other  on  an 
Also  in  the  right  angled  triangle  A'  FE',  oblique  rhumb  line.  Having  obtained, 
A'F:FE'::rad:tanE'A'F(Art.30,)  therefore,  an  arc  of  a  parallel  in  » 
that  is,  known*  latitude,  which  will  nearly  re- 
mer.  diff.  lat. :  diff.  long. : :  rad. :  tan.  present  our  departure,  the  case  is  re- 
course (B.)  solved  into  a  case  of  parallel  sailing. 
These  proportions  marked  A  and  B  are  (Art.  50 ;)  for  we  may  consider  the  ves- 
one  mode  of  connecting  the  nautical  sel  to  have  sailed  the  sum  of  all  the 
distance  and  course  made  by  a  vessel,  elementary  parts  of  the  departure  on 
when  sailing  on  an  oblic^ue  rhumb  line,  the  parallel  of  M  and  L ;  and  in  that 
with  her  change  of  longitude.  case  (on  the  supposition  that  M  L  is 
Cases  of  sailing  on  an  oblique  rhumb  •  really  equal  to  the  departure)  her  chanee 
line  resolved  by  these  two  proportions,  of  longitude  will  be  the  same  as  if  she 
are  said  to  be  resolved  by  mercator's  had  described  A  E,  and  may  be  found  by 
Sailing.'^ the  proportion 

•  A  Mtraight  line  crotwng  parallel  lines  makes  COS.  lat.  :  rad.  : :  dcp.  :  diff.  lon^. 

equal  angles  with  them  all.  it>ee  simson's  EncUd,  But  we  must  remember  that  the  latitude 

^^oVaXr^tofs  chart,  the  coorse  between  any  jn  this  proportion,  of  which  the  COsine  is 

two  pUces  is  immediately  foand  hy  measnrinff  the  taken,  IS  the  middle  latitude  between  A 

angle,  which  th^  straight  line  joining  them  foans  ■■ 

with  the  meridians;    the  distance  between  those  *  For  the  latitades  of  the  places  A  and  K  ar«  as- 

plsces  may  be  fonnd  correctly  by  applying  a  scale  tvmed  to  be  known,  and  the  latitode  of  M  ia  foand 

of  cosines  of  middle  latitades  to  a  meridian  on  the  by  taking  alatitade  as  much  greater  than  that  of  F, 

chart    The  modern  Mercatoi's  CharU  hare  fheM  as  it  it  nnaller  than  that  of  A,  or  the  neaa  lati* 

Males  and  directiona  ezplaBatory  of  their  use.  tode. 
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aiid  F ;  therefore,  in  resolving  eases  of 
middle  latitude  sailing,  we  should  mark 
this  by  writing  the  proportion  as  fol- 
lows, 

COS.  mid.  lat. :  rad. : :  dep. :  di£  long. 
It  appears,  therefore,  that  if  we  suppose 
the  angle  B  E  F  {J^.  U)  in  the  triangle 
B  £  F  to  be  eaual  to  the  middle  latitude, 
and  F  E  e^ual  to  the  departure  made  in 
sailing  the  distance  A  E  on  the  obltaue 
course  E  A  F,  then,  on  the  supposition 
that  M  L  =  thaJt  departmre,  the  hypote- 
nuse of  that  triangle,  B  £,  will  represent 
Hie  difference  of  longitude  made.  (Art.  50.) 
It  is  evident,  however,  this  method  of 
Vaddle  latitude  sailing  is  but  an  c^prox^ 
imcUioH,  ihe  departure  actually  made  is 
not  ftrac%  equal  to  the  arc  of  the  middle 
parallel,  and  the  principles  of  parallel 
sailing  require  that  ike  departure  ahould 
be  reckoned  in  the  parauel  to  which  it 
tnUy  belongs.  The  parallel  to  which  it 
truly  belongs  ia  clearly  that  parallel, 
which  will  give  the  difference  of  longi- 
tude actually  made. 

Therefore  the  above  proportion  should 
contain  the  cosine  of  the  true  middle 
latitude,  or  middle  latitude  in  which  the 
departiure  should  be  reckoned,  instead 
of  the  cosine  of  the  mean  middle  lati- 
tude, as  it  is  called.  Mr.  Benjamin 
Workman,  in  a  small  Tract  published 
in  1805,  under  the  patronage  of  Dr. 
Maskelyne,  gave  a  very  useful  table 
for  oonvertine  mmn  middle  latitudes 
into  true  middle  latitudes ;  and  as  his 
improvements  are  not  so  well  known,  or 
80  duly  appreciated  as  they  deserve  to 
be,  we  have  inserted  that  table  at 
the  end  of  this  treatise ;  and  shall  ex- 
plain, before  we  close  this  chapter,  the 
principles  on  which  it  is  constructed. 

Cases  of  sailing  in  low  latitudes,  and 
when  the  given  course  is  within  one  point 
of  due  east  or  west,  may  be  veiy  properly 
solved  by  this  method  of  middle  latitude 
sailine,  without  applying  the  corrections 
from  Mr.  Workman's  table  ;  and  when- 
ever the  given  course  is  less  than  50**, 
or,  not  being  less,  when  the  difference 
of  latitude  exceeds  20°,  or  1200  miles, 
the  method  of  Mercator's  sailing  should 
be  used.    In  ail  other  cases  of  sailing  on 
an  oblique  rhumb  line  recourse  should 
be  had  to  middle  latitude  sailing   as 
improved  by  Mr.  Workman. 

l-et  the  triangle  A  F  E  {fig,  li)  re- 

P,^^^,VU^S,?•^*^^''y  ^^^t  angled  trian- 
^e  A"  F'  E",  we  shall  caU  it,  for  distinc- 
tion, the  ploTte  triangle.  Let  B  £  F  be 
another  right  angled  triangle  having  the 
same  base  E  F,  and  let  the  angle  B  E  F 


be  equal  to  the  true  middle  hHihide,  or 
the  latitude  in  which  the  departure  FE 
should  be  reckoned ;  then  wulthe  riefat 
angled  triangle  B  E  F  be  aproper  te- 
angle  to  resort  to  for  finding  the  differ, 
ence  of  longitude  made  by  sailia^  the 
distance  A  E  on  the  oblique  camtKA  F» 
when  the  departure  FE  is  reckoned  ia 
the  latitude  B  £  F ;  and  also  whea  tiw 
di%rence  of  lon^ude  made^  in  «*Hmit 
a  nautical  distance  equal  to  the  derail 
ture  F  E  on  the  parallel  of  the  Wude 
B  E  F,  IS  required.  (Art  50.)  Thisnsfat 
angled  triangle,  therefore,  is  a  triage 
fitted  to  resolve  eases  both  of  pmSS. 
sailing  and  middle  latitude  saiUi»  - 
shall  call  it  the  pandlel  ttian^      ' 


i%-.  11. 


Produce  AE  andAB  indefinitely; 

with  B  as  a  centre  and  B  E  as  a  radius 

describe  the  arc  of  a  circle  E  Z ;  at  the 

point  B  draw  B  Z  perpendicular  to  A  B 

produced,  and  meeting  the  arc  E  Z  in  Z; 

through  the  point  Z  draw  Z I  parallel 

to  A  B  produced;  it  must  meet  A  E 

produced  either  on  the  one  or  the  otfier 

side  of  B  Z.*     Let  them  meet  ia  7,  and 

firom  I  draw  ID  at  right  angles  to  A  B 

produced;   then  the  four-sided  figure 

Z  I D  B  is  a  parallelogram,  and  B  Z  = 

D  I  ;t  but    B  Z  =  B  E,  for  they  are 

both  radii  of  the  same  circle,  th»efore 

BE  =  D  I,  and  D I  in  the  right ai^ed 

triangle  AD  I  represents  the  difference 

of  lon^tude  made  on  sailing  the  distance 

A  E  with  the  oblique  course  E  A  F,  when 

the  departure  FE  is  reckoned  in  the 

latitude  BEF;  and  as 

AD  :  D  I : :  rad. :  tan.  course, 
therefore  by  proportion  B,  A  D  equals 
the  meridional  or  projected  difi^ience  of 
latitude  made  in  sailing  the  same  course 
and  distance,  when  the  true  middle  lati- 
tude equals  the  angle  BEF.  Now  the 
right  angled  triangle  AD  I  answers  in 

«  Slmton's  Kuclid,  book  i.  prop.  ». 
t  Ibid,  book  i.  prop.  34. 
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tpwy  respect  to  the  triangle  A'  F  E'  m  expression  that  shall  represent  the  co- 

Jlg,  10;  it  is  the  triangle  therefore  by-  sine  of  the  true  middle  latitude  may  now 

reference  to  which  we  must  resolve  au  be  explained. 

eases  that  should,  according  to  our  rule,  Put  /  =  dtif.  lat.,  L  =s  diff.  long.^ 

be  resolved  by  Mercator*s  sailing,  we  m  =  mer.  diff.  lat.,  e  ^  cos.  mid.  lat^ 

call  it  therefore  the  Mercator  triangle.  R  =  rad.,  T  «  tan.  course,  ef^  =  cosee* 

The  seven  important  elements  of  navi-  course,  d  =a  cos.  course,  t »  sin.  course, 

Sation  are,  the  course  E  A  F,  nautical  /  »  sec  of  the  course,  d  «  dist,  and 

istance  A  E,  difference  of  latitude  A  F,  D  sdep,;  then  by  proportion  B  w« 

departure  PE,  difference  of  longitude  have 

6  E,  or  D  I,  middle  latitude  B  B  F,  and  y       n  .  ^  ^      t 

meridional  difference  of  latitude  AD;  m.  Xj  : :  k,  .—  ^  i. 

of  wWch  the  plane  triangle  contains  the  gy  proportion  D  we  have, 
four  first ;  the  parallel  triangle  the  fourth,  •'*'*'                     j^^* 
fifth,  and  sixth ;   and  the  Mercator  tri-  /  :  L  : :  c  :  —  *  T. 
angle  the  first,  fifth,  and  seventh.  If  the  t       T  w 
reader  remembers  this,  and  our  rule  as  jje^ce    —  = 
to  the  courses  to  which  particular  modes  *    I          m* 
of  solution  are  adapted,  he  will  know  to  multiplying  both  sides  of  the  equation 
which  of  these  three  triangles  he  ought  /       _  H.  / 
to  turn,  when  any  case  of  sailing  is  ^  l"'  ^ ""  '^' 
presented  to  him  for  solution.  , ,            i      t»  •  i^-.  ?     t^    -^ 
There  is,  however,  a  fourth  triangle,  J^^  ^^S'  ^  =j^f  ^+  ^'A',?:"^ 
B  E  A,  which  we  shall  call  the  oblique  So  that  to  find  the  true  middle  latitude, 
triangle ;  it  contains  the  course,  nauti-  we  must  add  10  to  the  logarithm  of  the 
cal  distance,  and  difference  of  longitude.  Proper  diflRerence  of  latitude,  and  sub 
From  this  triangle  we  derive  one  of  two  tract  from  the  sum  the  logarithm  of  the 
useful  proportions  which  remain  to  be  meridional  difference  of  latitude,  the  re- 
stated, and  which  are  necessary  also  in  mainder  is  tiie  logarithmic  cosine  of  the 
explaining  the  principles  on  which  Mr.  t^e  nniddle  latitude,(  Art.33.)  From  this 
Workman's  table  is  constructed ;  these  equation,   therefore,  calculating  m  as 
two  proportions  we   shall  now  proceed  before  mentioned,  (note,  Art^8,)  Table 
to  investigate.    In  the  triangle  li  E  F,  ?  might  be  computed.    The  true  middle 
B  E  :  F  E  : :  rad. :  sin.  E  B  A,  (Art  29,)  ^^^^^«  ^"^^y^  ^^""^^  the  mean. 

^°  T?T-Aw       --cATi       J  By  proportion  C,s=  -=-,  but  t  = 

FE  :  AE  ::  sin.  EAB  :rad.  j  r    tr                        ^> 

Hence  (Algebra.  Art.  127  and  128)  we  |;  (Art.  31.)    Substituting  this  value   '> 

BE:  AE::sm.EAB  :sin.£BA,  R*         cL 

and  "JT"  *    (f  ' 

AE  :  sin.  EB  A  : :  B  E  :  sin.  EAB,  multiplying  both  sides  of  this  equation 

But  the  angle  £  B  A  is  the  complement  ^  ^r 

of  B  E  F  the  mid.  lat.,  therefore,  by  -^— ,  we  obtain 

sin  £  B  A  =  cos.  mid.  lat  *    » 

therefore  d  ^  — ^ — . 

dist.  :  cos.  mid.  lat : :  diff.  long. :  sin.  ««     ,    ^         ..        .       ,-    ^,    . 

^ufsg                                             (C.)  The  last  equation  gives  Mr.  Workman's 

i«  4K«  «o^oii-»i  f..Jo«»i*»  p  17  TT               '  ^®  *^r  finding  the   nautical  distance 

In  the  parallel  tnwigle  B  £  F.  ^^^  ^^e  difference  of  longitude,  course, 

F  E  :  B  E  : :  sin.  B  •  or  cos.  mid.  lat :  ^nd  true  middle  latitude.     It  is  this, 

'^^  Add  together  the  logarithmic  c,  the  fe- 

In  the  plane  triangle,  garithmic  d\  and  the  logarithm  of  L, 

AF:FE  ::rad. :  tan.  A  or  tan.  course,  and  subtract  20  from  the  eum,  there-* 

Hence  (Algebra  Art.  127  and  \i%)  mmnder  is  the  logarithm  of  d,  the  nau- 

ttcal  distance. 
Table  1  contains  the  artificial  or  loga^ 

rithmic  sines,  tangents,  and  secants,  to 

diff.  lat :  diff.  long. : :  cos.  mid.  lat. :  .  every  point  and  quarter  point  of  the 
tan.  course.                                       (D.) 


A  F  :  B  E  : :  cos.  mid.  lat :  tan.  course, 
or 


compass. 


The  manner  of  finding  an  algebraical  Table  2  is  so  simple  in  its  construc- 

^c      «.         ,,              ,     .u         -^.7  tion,  that  it  needs  but  little  explanation ; 

•  bin.  B  11  an  abbreviation  for  the  kin.  of  tM     i^^i.  ^      ai ^^^^^^^  ^«<«-m^  a»-  «V«a  .^.^..^ 

angle  EB  A.  looK  for  the  nearest  degree  ot  tne  mean 


u 
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middle  latitude  at  the  side,  and  the 
nearest  degree  of  the  difference  of  lati- 
tude at  the  top,  and  the  correction  is 
found  under  tne  latter  in  a  line  with 
the  former,  which  correction,  added 
to  the  mean  middle  latitude,  gives 
the  true  middle  latitude.  If  there  are 
odd  minutes,  a  proportional  part  may 
be  allowed  for  them.  We  shall  presently 
iUustrate  these  tables  by  an  example. 
(53.)  Before  we  proceed  to  solutions 


ifiorure  1 1  furnish  several  others,  on  the 
principles  explained  in  Art  29,  30,  and 
31. 

L : :  K 
c  ::L 
L::  c 


m 

m 

d 

I 


D, 
T, 

T, 
Example  III. 

(54.)  A  ship  has  sailed  from  the  Lizard 
700  miles  on  a  WSW  course  (true.)  re- 


CB.) 


by  actual  computation,  we  shall  restate  quired  her  latitude  and  longitude,  or,  as 

the  four  proportions  we  have  obtained,  it  is  called,  the  latitude  and  longitude  in. 

In  addition  to  these,  we  must  remember  1  he  Lizard  is  in  latitude  49°  5 7' 44"  JST^ 

that  the  three  right  angled  triangles  of  longitude  5°  1 1'  5"  W. 

d  d 
By  the  plane  triangle,  R  :  c' :.  rf  ;/=-—- ,  and  therefore  log.  /,  or  diffi  lat . = log.  ct, 

or  dist.  +  log.  c',  or  cos.  course,  —  log.  R,  or  radius. 


2,845098  log.  dist. 

9,582840  log.  cos.  of  6  points. 


12,427938 
10,000000  log.  rad. 

2,427938  log.  diff.  lat.  =  267',  88 

=  4°  27' 54". 
49°  57'  44"  - 
4    27  54 


=  45  29  50  =  the  latitude  in. 


By  proportion  D  we  have» 

Tl 


The  true  middle  lat.  is  found  thus, 
45°  29'  50"  =  the  latitude  in  + 
2    13  57    =  the  half  difference  of 

the  two  latitudes 

s  47  43  47     =  the  mean  middle  Jaf. 

Now  in  Workman's  Table,  (Table  II.) 
in  a  line  with  48°  and  under  4°  is  founcf 
3',  and  under  5°  is  found  4' ;  therefore 
we  will  call  the  correction  +  3'  3o",  but 
.47°  43'  47"  +  3'  30"  =  47° 47'  17"  =  the 
true  middle  latitude,  which  in  this  case, 
as  the  course  is  so  nearly  west,  differs 
but  little  from  the  mean. 


c  :  T  : :  /  :  L  =  — ,  and  therefore  log.  L  =  log.  T  -V-  log.  I  —  log.  c. 

5°  11'   6"  W  + 
16     2  26 


10,382776  log.  tan.  6  points. 
2,427938  log.  diff.  lat. 

12,810714 
9,827328  log.  COS.  mid.  lat 


s  21   13  33  W  =  longitude  in. 


2,983386  log.  diff.  long.  =  962',47  =  16°2'  28'^. 

If  we  had  taken  the  mean  middle  lati-  ing  for  this  current:  it  is  now  required 

tude  in  this  case  instead  of  the  true,  it  to  iind  the  latitude  and  longitude  in,, 

would  have  ^ven  961',54  for  the  differ-  when  the  proper  allowance  is  made  for 

ence  of  longitude,  or  16°  1'  32".  the  effect  of  Uiis  current. 

Example  IV.  c'  d 

The  ship  during  the  whole  of  her        As  before,  I  =  — .    And  as  by  the 
passage  from  the   Lizard,  which  she 

made  at  the  rate  of  7  knots  an  hour,  has  hypothesis  the  ship  has  been  sailmg  for 

been  sailing  in  a  current,  which  set  to  100  hours  in  a  current  with  a  drift  of 

the  N  b  £   (true)  with  a  drift  of  one  one  mile  per  hour,  tlie  distance,  the 

mile  per  hour.    An  error  therefore  has  surface  of  the  water  has  been  carried  in 

been  committed  in  the  computations  of  that  interval  of  time,  (Art.  22,)  =  1 00 

the  latitude  and  longitude,  by  not  allow-  miles. 


2,000000  log.  dist. 
9,991574  log.  cos.  1  point 


11,991574 
10,000000  log.  rad. 


1,991574  log.  diff.  lat  s 
98',08=  1°38'5", 


By  Mercator  triangle,  proportion  B,  we  have 

««      ».  ^  T  171 

R  :  T  : :  m  :  L  =  -^-. 

9,298662  log.  tan.  1  point. 
2,149219  log.  mer.  diffl  lat  =  141. 


11,447881 
10,000000  log.  rad. 

1,447881  log.  diff.  long.  e=  28',05  =  28'  3*. 


I 


NAVIGATION. 


2S 


Byinspection,  (Art.  16,)diff.lat.  =  98',I 
and  diff.  long.  =  28',06,  so  that  these 
quantities  might  have  heen  found  by  this 
method  with  great  exactness*  without  the 
trouble  of  a  calculation ;  and  indeed  in 


The  distance  is  found  by  Work- 
man's rule  (Art.  52)  as  follows : 

10,015845  log.  of  c". 
9,820550  ]og.  of  c. 
2,970542  log.  of  L. 

22,806937 
20,000000 

2,806937  log.ofds  641,12  miles. 


49°  57'  44"  - 
2   49  49 


practice  the  difP.  lat.  and  difP.  long.  ar& 
often  found  by  inspection.  iU  in 
order  to  answ^  the  question  we  must 
resolve  a  traverse,  (Art.  22,)  we  will 
put  the  results  into  a  Traverse  table. 


Connes. 

Dist. 

700 
100 

Diff.lAt.        )      Diff.LoBff.       \ 

N. 

8. 

B. 

W. 

WSW. 
NbE. 

98,08 

267,88 

28,05 

962,47 

267,88 
98,08 

• 

962.47 
28,05 

True  coarse 

S74»37' W 

Dist  641,12 

miles. 

169,8 
S. 

934,42 
W. 

5^11' 
15    34 


5"W  + 
25 


s=47     7  55  =  the  true  latitude  in.  s  20  45  30  W  s  the  true  longitude  in. 


With  the  true  difP.  lat.  and  long,  above 
obtained  by  resolving  the  traverse,  the 
tme  coiu'se  is  found  as  in  Example  Y. 

The  true  course  S  74**  37'  W  is  nearly 
"WSW  J  W;  supposing  the  variation 
2{  points  westerly,  this  will  give  a  com- 
pass course  W  b  N ;  but  the  course  by 
compass  from  the  Lizard  to  the  South- 
ernmost of  the  Scilly  Islands  is  WN  W, 
consequently  the  ship  will  pass  one  point 
clear  of  these  islanos,  so  far  as  our  cur- 
rent affects  her;  but  should  the  tides 
cooperate  with  the  current,  and  produce 
a  more  rapid  drift  to  the  Northward,  the 
ship  might  be  lost  on  these  islands,  or 
the  rocks  around  them ;  which  illustrates 
our  observation  in  Article  22,  with  re- 
spect to  the  judgment  and  skill  requisite 
in  a  pilot,  to  whom  the  difficult  task 
belongs  of  estimating  and  allowing  for 
the  probable  effects  of  currents  and  tides, 

London    51**  30'  49"  N  latitude, 
Naples     40    50    15 

10    40   34  = 
diff.  lat.  =  640,56  miles. 

from  proportion  B,  we  have, 

T        ^^ 

J,  ^  , 


which  are  ever  varying  in  their  power 
and  direction,  and  therefore  embarrass, 
and  often  destroy,  the  most  experienced 
mariners. 

In  steering  across  a  river,  for  instance,, 
from  point  A  to  point  B  on  the  opposite 
shore  in  a  tideway,  steer  for  a  pomt  oa 
that  side  of  B /rom  which  the  tide  flows, 
and  as  much  above  or  below  B,  as  in 
your  judgment  you  conceive  the  tide 
would  have  carried  the  boat  on  the  side 
of  B  towards  which  the  tide  flows, 
during  the  passage  across,  had  it  been- 
constantly  steered  in  a  direction  parallel 
to  the  line  joining  A  and  B. 

Example  V. 

Required  the  direct  course,  and  dis«> 
tance  on  a  rhumb  line,  from  London  to 
Naples. 

and  6'  47"  W  longitude, 

and  14    15   45     E. 

14    21    32  = 
diff.  long.  =  861,53  miles. 


m 


2,9352704  log.  of  L. 
10,0000000  log.  R. 


and  by  the  plane  triangle,  d  =■ 

10,1345808  log.  of  «'. 
2,8065598  log.  of/. 


R 


12,9352704 
2,9684829  log.  of  m. 


12,9411406 
10,0000000  log.  of  R. 


9,9667875  log.  T  42®  49' 
or  the  course  is  S  42^49'  E. 


2,941 1406  log.  of  (/. 
ord  =  873,25  nautical  miles. 


The  distance,  measured  on  the  arc  of  a    nautical   miles,  and    1003,63    statute 
great  circle,  will  be  found  to  be  872,22    miles,  69,04  being  reckoned  to  a  de-. 
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ffne:  tl»  n>  however,  wliai  is  termed  m  site  mmt  steer  that  course,  mifa  tte 

oommencoayersstioii  the  distance  arl^  bearing  of  her  port  is  altered  so  as  f» 

croHffiief*  beeome  a  coarse,  which  the  dipedSon  oC 

the  wind  will  allow  her  to  steer.     Sop- 

GHAFTER  Y*  pose,  for  instenoe,  a  ship  is  homiil  to  m 

.  «.  .      ^  w-  J      ^  P^®  bearing  E,  but  the  wind  is  ENE. 

On  Leewoff,  and  Plffvig  to  Windward,  ^ji^  -^^  two  points  ftom  the  bearing  of 

(55.)  Whett  a  ship  b  sailing  near  to  her  port;  the  ship^s  coarse  must  be 

the  point  from  whence  the  wind  blows»  8E  or  N ;  for  these  coorses  are  respec- 

a  considerable  part  of  the  force  of  the  timely  six  points  from  the  directioa  of 

wind  is  employed  in  driving  her  away  the  wind,  and  are,  therefore,  nearer  to 

^m  that  point,  or  to  leeward;  bat  as  the  bearing  of  the  port  than  any  ofher 

this  action  of  the  wind  cannot  turn  the  courses  which  the  ship  can  deacribe ; 

head  of  the  ship  round,  or  alter  her  ap-  and  the  ship,  supposmg  the  wind  to 

parent  course,  the  effect  produced  is  a  remain  in  the  same  quarter,  must  sail 

continual  drifting  of  the  vessel  from  the  S£,  until  the  bearing  of  her  port  be- 

wind  with  the  head  still  turned  in  the  comes  from  the  alt^ation  of  her  place 

same  direction  ta  if  no  drifting  took  due  N,  or  N  till  it  becomes  SE ;  and 

place,  and  consequently  the   compass  then  she  must  tack  and  steer  N  or  SE, 

showing  the  same  course:  but  if  the  ship  accordii^  as  her  first  course  has  been 

^bifts  in  this-  manner,  her  keel  will  make  SE  or  N ;  but  if  it  should  be  more  oon- 

a  track  or  wake  in  the  water  in  a  direc-  venient  so  to  do,  the  ship  may  make  a 

tion  opposite  to  the  point  towarda  which  great  numl)er  of  tacks,  or  SE  and  N 

she  is  really  moving.     Let  ther^re  the  courses,  before  she  anives  at  her  port ; 

Agure  of  acompassbe  drawn  on  the  stem  and  the  whole  distance  sailed  wiU  not  he 

of  the  ship,  and  so  placed  that  the  line  greater  in  this  case  than  in  the  other, 
joining  the  north  and  south  points  of  the 

card  Miall  be  in  the  direction  of  the  keel,  PART  TTT. 

or  the  fore  and  aft  line  of  the  ship;  the  ^^^*  "^ 

angle  included  between  this  line  and  the  On  Nautical  AHronomy, 
wake  is  the  difference  between  the  ship's 

apparent  and  her  true  course  bv  com-  (57.)  Tnn  two  first  Parts  of  Ma  treatise 
pass,  and  is  called  the  leeway  :  this  lee-  have  shown,  how  the  situation  of  a  ahip 
way  therefore  is  always  to  be  allowed  on  the  surface  of  the  ^obe  may  be  found 
for  from  the  wind;  that  is,  if  a  ship  is  by  a  reckoning  kept  on  board  of  the 
steermg  WNW,  with  the  wind  at  courses  steered,  and  the  number  of  miles 
north,  the  leeway  is  reckoned  to  the  sailed  on  eaeh  course.  We  have  sup- 
left  of  WNW  from  the  wind ;  and  if  posed,  however,  the  errors  of  the  com- 
in  this  case  the  angle,  or  leeway,  is  pass  to  be  known,  and  it  will  be  neoes- 
found  to  be  two  points,  the  ship's  true  sary  therefore  hereafter  to  point  out 
compass  course  is  due  west  how  they  may  be  found. 

The  only  method  that  ought  to.be  The  object  of  the  thiid  Part  ia  to 
relied  on  in  practice  of  ascertaining  the  explain,  how  the  relative  angular  posi- 
amount  of  tnis  correction  of  the  appa-  tions  of  the  celestial  bodies,  with  respect 
rent  course  of  a  ship,  is  that  of  actually  to  each  other,  and  the  horizon  and  men- 
measuring  the  angle  formed  as  before  dian  of  any  place,  enable  the  mariner  to 
mentioned ;  which  angle  is  in  fact  the  determine  the  situation  of  that  place, 
bearing  of  the  wake  by  the  fixed  com-  and  thus  correct  the  errors  of  the  rec- 
pass :  means  therefore  should  be  devised  koning.  So  that  these  two  different  me- 
for  enabling  the  proper  officer  to  take  thods  serve  as  a  check  upon  each  other, 
such  A  beanng  witn  correctness,  and  in  and  have  together  been  found  amply 
this  respect  practical  navigation  seems  sufficient  for  all  the  purposes  of  the 
to  be  deficient.  practical  navigator. 

(56.)  There  are  fisw  large  vessels  that  That  part  of  the  heavens  which  is 

can  lie  within  less  than  six  points  of  the  visible  to  us,  and  in  which  the  celestial 

^'ind ;  and  therefore,when  the  wind  blows  bodies  appear,  is  in  the  shape  of  a  hol- 

from  any  point  within  six  points  of  the  low  hemisphere ;   and  it  will  facilitate 

bearing  of  a  port  for  which  a  vessel  is  greatly  the  comprehension  of  nautical 

bound,  she  must /acAorp/y  to  f^^'n(itMirrf;  astronomy,  if  we  ima|;ine    the  earth 

that  is,  she  must  steer  a  course  as  near  to  placed  in  the  centre  of  a  hollow  glass 

^e  bearing  of  the  port  as  the  wind  and  sphere,  which  has  the  heavenly  l>odies 
other  circumstances  will  admit  of,  and    exhibited  on  its  surfiMW ;  —that  the  earth. 
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instead  of  reyolving   sound    its    axis    inffthroag^  •  beanrcniyr  bodff  and  tbs 
every  twenty-four  hours  from  West  to    cttbestia]:  DMridtian  opposite  to  a  plaet,  im 
East,'  remams  at  rest ;   and  that  the    called  its  <BzmuUh,    Tha  tfinndie  hart- 
hoUow  glass  sphere  with  the  heavenly    zon  ia  that  line  in  the  haawaa  whidi  is 
bodies  upon  it  revolves  uniformly  round    the   intenection    of  a  circular  plaii* 
the  earth  in  the  same  time  from  East    towdung  the  earth  at  the  point  at  whiek 
to  West :    the   suppositions  we  have    the  spectator  is  placed  and  extended  to 
made  will  accurately  represent  the  di-    the  heavens,  or  hollow  sphere;  andlte 
umai  motions  of  those  heavenly  bo-    raltona/ horizqn  is  the  intersection  with 
dies : — ^the  axis  round  which  the  hoi-    the  heavens  of  a  circukur  pfaoe  paralM 
low  sphere  reveres  is  the  axis  of  the    to  the  former*  similarly  extended,  and 
earth  produced  from  each  of  its  extre-    passing  through  the  centre  of  the  eartii. 
mities  t^  it  meets  the  sphere:  let  us    When  a  heavenly  body,  tiie  sun  f&e 
imagine  sreat  circles  traced  out  on  the    example,  by  the  revidution  of  the  giaes 
hollow  sphere  corresponding  with  and    sj^iere,  is  brought  opposite  to  tiie  neri* 
opposite  to  the  great  circles  of  the  earth    dian  of  any  place,  it  is  said  to  be  en  tke 
ateady  described ;  corresponding  to  the    meridian  of  that  place ;  and  when  it  is 
equator,  let  there  be  a  celesticU  equator ;    at  a  diatanee  from  that  meridian,  the  aoh 
corresponding  to  the  meridians,  celes-    gle  contained  at  the  pole  between  a  ce^ 
tied  meridians ;    corresponding  to  tile    lestial  meridian  passmr  through  that 
poles,  poles  of  the  heavens  at  the  extre-    object,  and  the  eelestiaf  meridian  then 
mities  of  the  axis  of  the  sphere ;  let  the    oppoute  to  the  place  is  called  its  hour 
parallels  also  he  represented  in  the  same   angle ;  for  it  expresses,  or  rather  is 
manner :    if  the  circular  plane  of  the    proportional  to,  the  number  of  hours 
equator  of  the  earth  were  to  be  enlarged    which  must  elapse  before  the  sun  is 
and  extended  so  as  to  reach  the  glass    upon  the  meridian.    When  the  sun  is 
sphere,  then  should  its  circumference    on  the  meridian  of  any   place,  it  is 
coincide  with  the  celestial  equator  traced    twelve  o*clock  at  that  place:  and,  as  the 
out  upon  that  sphere,  and  the  same  ob-    snn  is  supposed  to  revolve  round  the 
servation  applies  to  all  the  other  circles    earth  uniformly  in  twenty-four  hours* 
above  described ;  and  it  is  in  this  sense,    if  his  hour-angle  can  be  ascertained,  the 
therefore,  tiiat  we  use  the  term  corre-    time  at  the  place  will  be  ascertained; 
eponding.    If  a  straight  line  joining  the    for  the  whoCs  hour-an^  made  in  the 
earth's   centre,  and  anyplace  on  the    course  of  his  revolution  is  equal  to  360^, 
earth's  surface,  be   produced  until  it    which  is  described  in  twenty-four  hours ; 
meet  the  hollow  glass  sphere,  the  point    hence,  15^  of  an  hour-ang^  will  be  per* 
at  which  it  meets  that  sphere  b  called    formed  in  an  hour,  &c.;  and  Inr  the  rule 
the  zenith  of  that  place ;   and  as  the    of  proportion  any  number  of  degrees  of 
sphere  revolves,  every  point  of  it  which    an  hour-angle  may  be  converted  into 
successively  touches  the   extremity  of   time,  and  thu  time  wiU  eiqiress  the  time 
that    line  will  successively  become  a    before^  or  the  time  t^ter  apparent  noon 
zenith  to  the  place ;  and  stars  on  the    at  tiie  place  of  observation, 
sphere,  which  in  succession  pass  that       But  though  the  sun  may  not  haw 
line,  will  be  said  to  pass  over  the  ze-    reached    the   meridian    of  a  place  a» 
nith  of  the  nlace.    Tne  celestial  men-    {Jig,  7,)  it  may  be  on  the  meridian  of  a 
dians  are  called  circles  of  declination :    place  e  to  the  east  of  a,  for  the  glass 
for  the  arc  of  a  celestial  meridian  inter-    sphere  revolves  from  the  east  towcardm 
cepted  l)etween  any  heavenly  body  and    the  west ;  it  is  therefore  noon  at  the 
the  celestial  equator  is  nqt  called  its  lati-    place  «,  before  it  is  noon  at  the  place  a  .- 
tude,  but  its  declination.    As  each  ce-    but  if  a  mariner  placed  at  e  could,  when 
lestial  meridian  is  brought  in  succession    the  sun  was  on  his  meridian,  ascertain 
opposite  to  the  terrestrial  meridian  of    the  hour  angle  of  the  sun  from  the  me- 
anv  place,  by  the    revolution  of  the    ridian  of  a,  or  how  much  it  wanted  of 
spnere,  it  acquires  the  name  of  the  ce-    bdng  noon  at  a  at  that  time,  he  would 
lestial  meridian  of  that  place.  then  know  his  longitude  firom  a ;  for 

Great  circles  drawn  on  the  hollow  the  longitude  is  measured  by  the  are 
sphere  passing  through  the  zenith  of  EA,  which  arc  meawres  likewise  the 
any  place,  are  called  vertical  circles ;  angle  contained  between  the  meridians  of 
and  that  particular  vertical  circle  which  a  and  e  at  the  pole  P,  (Art.  35  ;)and  the 
passes  through  the  East  and  West  points  celestial  meridians,  as  they  correspond 
IS  called  the  prime  vertical ;  the  angle  with  those  meridians,  must  contain  the 
contained  between  a  vertical  circle  pass-    aame  angle  at  the  celestial  pole,  which 


revo- 
succession 
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those  meridians  contain  at  the  terrestrial ; 
but  those  celestial  meridians  contain  the 
hour  angle  of  the  sun  from  the  meridian 
of  a,  as  appears  from  the  definition  of  an 
hour  angle;  therefore  the  two  angles  are 
one  and  the  same  angle:  if  the  mariner 
at  e,  therefore,  be  possessed  of  a  watch, 
which  shows  the  nour  angle  at  o,  or 
what  o'clock  it  is  at  a,  and  he  have  the 
means  also  of  ascertaining  at  the  same^in- 

stant  of  time  what  o'clock  it  is  ate,  he  can  • 
thus  determine  the  arc  A  E,  or  the  longi- 
tude of « ;  and  it  is  evident  also  that  anr 
other  means  of  ascertaining  what  o'clock 
it  is  at  a.  besides  a  watch,  would  answer 

the  same  purpose.  Suppose  that  the  ma-  

riner  knew  that  at  twelve  o'clock  at  night  ^j^desof  declination,  which  by  ftve 

ata.two  heavenly  bodUM,tr^«A*to«oe  ,^y      ^^^^^  ^^^  ;^^^  .^\^^ 

frmieachoth<^  u  ««^?«^'!' *°n£^.  opposite  to  the  meridian  of «.    Now  as 

woiddtefoundiUacertatt^istancefr^^  tfi^  straight  Une  which  determines  the 

each  other,  say  ^f  .onaparticiJar  day ;  ^^^^^  ^                                            .^^ 

suppose  that  on  that  daj^t  the  sp^^  meridian,  and*^Ues  liso  in  the  cfcsular 

watches  those  hwvenly  bodies.  1^^^^^  1,^^   ^^    .      ^^ridian,   the  ciri-ular 

tMnsthemtobeao  ofthearcofa^at  ^j^^^  .     ^  extended,  or  the  celestial 

circle,drawnonthe  hollow  sphere, distant  iL-_;j:„„  mii«t  n«.«  thmiwh  it«  lenith 

from  each  other ;  then  let  him  ascertain  ^T^  The  ze^U.  of  i^et  P  bf  tt« 

the  time  at  ..  >(,  he  fds  that  time  to  be  ^^  ^  ^,f^e  r%&'ld  E  Jq 

three  o'dock  «*«"»«>"""»•*"  A*?!?  the  celestial  equator.' then  Z  D  and  Zrf 

hours  difference  in  time  answer  to  45  of  g-.  arcs  of  vertiad  circles  •  if*  be  the 

an  hour  angle,  he  may  thence  conclude,  ^^  *J^  oi  vertical  cvraea ,  it«  oe  nie 

au  iiuui  •>•>«•<'> »«  •"  J                          »  smi  then  the  angle  HZ*  represents  his 

that  he  18  situated  «»  a  spot  45    eaat  of  :^^  and  #P  K  his  hour*angle  frwm 

Greenwich.    The  moon  is  one  of   hose  ^^       ^j        ^           ^^^^  y^»  ^^^^ 

heavenly  bodies,  which  is  «ont»n«i«lly  „„„„  ^t  e;  if  mb^  the  moon.  m«  toay 

changing  its  pl-^e  on  the  surface  of  ^    esent   the    distance   between    the 

our  »Phfe.  "O'f K  from  some  fixed  P         ^    j^  ^^^  measured  on    the 

stars  and  towards  others  -,  >t  seems  to  ^^c  of  a  gt«it  circle  m  «,  also  H  D  C  H' 

revolve  rapidly  round  the  sphere  from  ^           «  ^^e  ratiomd  horizm  of    *. 

west  to  east  in  a  grea    cnjle,  wh  ch  jj  ^  ^  g    ^      ^  ^        j,^  „f 

makes  an  angle  of  about  28  with  the  ,^^  „»oon  and  sun ;  then  Sd  audMD 

equator :  the  sun  seems  to  move  "Iso,  ,j^  ^^^  altitudei  of  the  smi  and 

but  not  wwprfly,  from  west  to  ewt  and  ^             ,^^           ^^  ^^i„^ 

the^at  «="-«l«n«s««"»»<'*'*««°"*^-  circles' intercepted  between  those  hea- 

"S^'l  ♦jil  *^'f '  !•  "Ji'^rL     No^  .hf  venly  bodies  iid  the  rational  horizon: 

about  as"'  wilfi  "^e  eq"»tor.   jNiow  the  ^     ^           ^^            means  of  m««iirmg: 

distances  of  the  moon  irom  tne  sun  and  ,        , .  ,         i    *•  i    u*    * :   «K^,r«  *uo* 

nLe  principal  fixed  stars  near  to  her  ^»^  •>«*»*  *'''«''^"^  ""•'.'^Vl^^ltr^ 

™»  i„.«i,    .«>    ;»  ft.««    «^^n..f^  horizon :  we  can  ascertam  it,  however,  tiy 

apparent  path.  are.  in  fact   computed  ^e^surmg  its  height  above  the  sensiUe 

«id  set  down  m  the  Nautical  Almanac  S'ori.^n^f^  ^^ing  a  correction  to  that 

M  they  would  ap^  at  the  centre  of  ^^^^^^^-^^^  j^e  «Uffe«nce  between  its 

the  earth  every  three  hours  of  Greenwich  j^  .  j^      ^       ^    ^       horizons;  tliis 

time,  on  those  days  when  the  moon  is  "„il:r:„„  ;„  i.«iuA  „^„ii,..^ 

visible;  and  these'  distances  therefoie  '"B^Wes  nS^^SJa^  two  mo« 

^ay  >-./■<>-<»  ^Py^^^-^  coSnsrt^'plSo'^e*:^^ 

Greenwich  tg.  fowing  a  proportomd  altitudes  of  heavenly  bodies;  these  are 

difference.    Tlus  mode  of  ascertaining  ^  refraction,  which  is  to  be  subtract- 

the  ^^^^^Jy.^^^"^.^  '^  ed  from  those  altitudes ;  for  it  is  the 

^^^^^ctT^^T}^Q  (n.  «!«»«»%  ^^ich  heavenly'bodies  appear 

(58.)Letthe«rcleHJ<,ZPHQO%-  ^jsed  above  the  sensible  horizon,  in 

SffTp^lL^TleU^ef^^'tSrc^-  consequence  oftheirlight  having  to  pass 

lestialmeridianof  theplace«in;fe-.7,tliat  .  ^^  ,k. .^e u » tk« pi».  «f  .circi.  u  .p. 

IS,  it  represents  m  succession  all  those  p«sn  ■  tmifht  line 


.  NAVIGATION.  «9 

through  the  atmosphere  of  the  earth  ment  of  E  Z,  the  latitude.  IfB  had  been 
before  it  reaches  us ;  and  2ndly  the  (Up : —  to  the  north  of  the  equator,  or  had  had 
the  dip  is  a  correction  rendered  neces-  north  declination,  the  declination  must 
saiy  by  the  peculiar  nature  of  the  in-  have  been  subtracted ;  this  b  the  most 
struments  witn  which  arcs  of  the  great  usual  mode  of  findins:  the  latitude  by 
circles  of  the  concave  sphere  are  mea-  observation  at  sea.  There  is  another, 
8ured  at  sea ;  these  instruments  are  however,  which  remains  to  be  explained ; 
called  quadrcmts  or  sextants  .*  the  dip  is  let  t  and  m  be  two  places  of  the  sun 
also  to  be  subtracted  from  the  observed  before  noon ;  obtain  from  observation 
altitudes,  for  it  is  occasioned  by  the  cir-  the  two  altitudes  « (i,  m  D,  and  conse- 
cumstanceofthe  eye  of  theobserver  being  quently  the  complements  of  those  alti- 
elevated  above  the  plane  of  the  sensible  tudes,  called  zenith  distances,  Z  s  and 
horizon,  from  which  altitudes  are  mea-  Z  m  ;  note  also  the  time  which  elapses 
sured  by  the  sextant  In  the  case  of  the  between  the  two  observations,  which 
moon  the  parallax  is  greater  than  the  re-  will  be  the  angle  m  P  «,  then  in  the 
fraction  and  dip  togeUier  *  in  the  case  of  spherical  triangle  m  P  «,  m  P,  and  9  P, 
the  other  heavenly  bodies,  it  is  less,  tne  complements  of  the  sun's  decUna^ 
Thus  the  moon  appears  lower  than  its  tion  are  ^ven  by  the  Nautical  Almanac, 
true  place,  while  the  others,  on  the  con-  and  the  included  angle  m  P  «  is  given, 
trary,  appear  higher;  therefore  m  and  making  together  three  parts,  therefore 
9  may  represent  the  true  places  of  the  the  other  parts  may  be  found ;  that  is,  the 
moon  and  sun  respectively,  and  M  and  angle  V  mSj  and  the  side  m  s  may  be 
S  the  apparent  places ;  then  m  P  and  s  P  found ;  then  in  the  triangle  Z  m  «,  all  the 
will  be  the  complements  of  the  declina-  three  sides  are  given  to  find  the  angle 
tions  of  those  two  bodies :  the  distance  Zms;  take  away  the  known  angle  P  m  #, 
m  s,  or  true  distance  at  the  centre  of  the  from  the  known  angle  Z  m  #,  and  the 
earth,  is  not  equal  to  M  S  the  apparent  angle  Z  m  P  remains,  which  is  therefore 
distance.  Tms,  M  Z  S,  &c.  represent  known ;  then  in  the  triangle  ZmF, 
spherical  triangles,  (Art.  35,)  drawn  on  m  Z  and  m  P  are  known,  and  the 
the  concave  surface  of  the  heavenly  included  angle  Z  m  P,  to  find  the  side 
sphere,  and  if  three  parts  of  such  in-  Z  P,  which  also  equals  the  complement 
angles  be  given,  the  other  three  can  be  of  the  latitude.  If  the  ship  changes  her 
found.  The  fixed  stars  have  no  pa-  latitude,  as  well  as  place,  m  the  interval 
rallax,  they  are  found  to  be  at  so  great  between  the  two  observations,  a  correo- 
a  distance  from  the  earth,  that  the  tion  is  applied,  for  the  difference  of  la- 
radius  of  the  earth  is  a  mere  point  com-  titude  made  during  that  interval 
pared  with  that  distance.  (60.)    Suppose  the  latitude  known» 

When  we  speak  of  the  altitudes  of  and  that  we  wish  to  find  the  hour  angle 

such  heavenly  bodies  as  the  sun  and  ZF  s,  for  the  purpose  of  obtainins^  Uie 

moon,  or  their  distances,  we  mean  the  time  at  e,  and  also  the  azimuth  sZH; 

Altitudes  or  distances  of  their  centres  ;  obtain  s  Z  from  observation,  as  before, 

but  altitudes  or  distances  of  their  limbs  and  ^  P  by  means  of  the  Nautical  Alma* 

can  always  l)e  converted  into  altitudes  nac  ;  then  in  the^  triangle  Z  «  P,  all  the 

or  distances  of  their  centres,  by  means  three  sides  are  given  to  find  the  angle 

of    the  values  of  their  semidiameters  Z  P  « ,  which  is  the  hour  an^le,  and  the 

given  in  ttie  Nautical  Almanac.  angle  «  Z  P,  which  is  the  azimuth  from 

(59.)  The  latitude  of  a  place  e,  or  its  H^  and  the  supplement  of  the  azimuth 

distance  from  the  equator,  measured  on  from  H  ;  but  the  azimuth  of  the  sun» 

its  meridian,  must  be  equal  to  the  dis-  or  any  other  object,  is  its  true  bearini^ 

tance  of  its  zenith  from  the  celestial  from  the  true  meridian  of  a  place ;  for 

equator,  or  Z  E,   for  they  are  corre-  the  true  bearing  of  an  object,  s,  is  evi*» 

sponding  arcs  of  circles,  (Art  I.)  Let  B  dently  measured  by  the  arc  H  d,  which 

be  a  heavenly  body  on  the  meridian  of  measures  the  angle  #  Z  H.    If  this  true 

«,  whose   declination  is  given  in  the  bearing  be  compared  with  the  bearing 

Nautical  Almanac ;  let  the  mariner  at  by  compass,  the  difference  will  be  the 

€  obtain  its  true  altitude  B  H,  by  ob-  variation  of  the  compass, 

serving  its  altitude  a^ve  the  sensible  (61.)  This  variation  of  the  compass  is 

horizon,  and  making  the  proper  allow-  the  result  of  a  slow  progressive  altera- 

ances  for  parallax,  £c. ;  let  him  look  for  tion  of  the  position  of  the  needle,  with 

the  value  of  B  E,  or  the  declination,  in  respect  to  the  true  meridian.    It  is  ob- 

that  almanac,  and  add  it  to  B  H,  this  will  served  to  move  towards  the  west,  until 

give  the  arc  £  H,  which  is  the  comple-  it  arrives  at  its  maximum  on  that  side; 
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Htlwii  TetnmB,  passes  over  ^elruemeri-  we  hav«  adveried  to,  and  to  resotvv  all 
dian,  and  moves  easterly,  until  it  arrives  theae  different  triangles  by  the  rules  tf 
at  its  maxiinum,  towards  the  east,  it  (lien  spherical  trigonometiy :  fin*  various  i«ijge- 
returns  as  before.    In  the  Tearieso,  in  nious  devices  and  contrivancea     haw 
London,  tiie  needle  pointed  to  the  true  from  time  to  time  been  invented  bj-  set- 
north,  since  which  time  it  has  truvelled  entitle  men,  for  the  purpose  of  shorten 
about  24)°  to  the  westward,   and   has  ing  his  latxtur,  and  coDiprisiag  within  a 
lately  begun  to  return.     The  variaflion,  smallvoIumeaU  thereqoisitetaWe«; — ^A 
howev«',   is  very  different   in  different  more  ueefiil  applicatuDn  of  ^reat  le«m 
parts  of  the  globe,  and  must,  therefore,  ing   and   taknt^  cannot   weQ    be   inu 
be  determined  at  sea,  by  comparing  the  gined,  and  too  much  praise  can  scaroe^ 
Iruebearingof  a  celestial  object  with  its  be   awarded  to  the  exertioos  of  thoo^ 
bearing  by  compass.     For  the  purpose  who   are  willii^  to  devote  their  time  to 
of  taking  these  magnetic  bearings,  a  the  laudable  ohjectof  devising  means  of 
particuiw  kind  of  compass  is  employed,  imparting   their  kno^edge    to   others 
called  an  azimtiA  compatt:  sometimes  comparativ elyninl earned  j  and  the  rather 
the  aT^ular  distance  of  the  sun  from  the  as   tne  task   of  instruetion   has   never 
prime  vertical   is   observed  with   these  yet  been  enumerated  among  tkw  ple»- 
oompasses  when  he  rises  or  sets,  which  sures  of  science, 

ii  called  his  amplitude ;   and  then  his        We  have   supposed  the  etrdes,   on 

true  distance  is  computed,  and  com-  which thealtitudes,distaoces,&c.o(faea- 

pared  with  the  observed :  this  is  anotha-  venlv  bodies  are  measured,  to  be  draws 

Biodeof  finding  the  variation.  on  the  concave  surftoeof  a  boUowgian 

<6'2.)  Suppose  the  latitude  of  e  to  be  sphere  revolving  round  the  earth:  it  is 
known,  and  that  the  longitude  is  re-  evident,  however,  that  the  same  phaio- 
quired ;  then  if  we  suppose  M  and  S  mena  will  take  place,  and  the  same  in- 
to represent  the  apparent  places  of  the  vestigations  will  ap{Ay,  tf  the  earth  be 
moon  and  sun,  and  m  and  «  the  true;  supposed  to  revolve  from  west  to  eairi 
we  can  obtain  M  Z  and  S  Z,  by  obser-  every  twenty-fonr  hours,  and  all  the 
▼atioa  as  before,  and  aUo  M  S  the  ap-  heavenly  bodies,  except  the  sun  and 
parent  distance;  therefore  in  the  triangle  planets,  to  be  al  rest.  We  maj  likewise 
M  Z  S,  the  three  sides  will  be  given  to  suppose  the  circles  thai  hare  been  de- 
find  the  angle  M  Z  S  ;  then  in  the  tri-  fined,  to  be  traced  out  ki  tha  bearaH 
an^  m  Z  «,  the   angle  m'£  t  mil  be  themselves. 

known,  and tdso  m  Z  and <  Z,  (forthey         (|}3.)Thednnaft'oil0tthecoinpa8Bwas 

are   the   lenitti  distances  corrected  for  first  observed  hy  Mr.  Walea,  the  asbo- 

parallax,  refraction.  Sec.)  therefore  m  s,  nomer  of  Capt.  Cook :  it  is  oc 

which    IB  the  true  di^noe,  may  be  by  the  iron  on  board  a  sh^  a  ^ 

found.  the  compass.    A  nni^de  and  ingenions 

Having  (band  the  true  distance,  and  method  of  discovmng  the  amount  trf 

Ibe  time  at  e  by  Article  60,  find   out  by  this  deviation,  has  been  invented  by  Mr. 

tbe  Nautical  Almanac,  at  v?hat  time  at  Bariow  of  the  .Royal  Militarf  Acade- 

Greenwich  the  moon  and  sun  are  at  the  my. 

true  distance  m  <  from  each  other  that  Pre.  13  represents  a  vexsd,  her  corn- 
day;  tbislime  will  be  thelimeatGreen-  pass  is  represented  at  C.  NowitbfiHmd 
wieh;  and  having  the  corresponding  time  that  there  is  a  pwnl  in  which  the  whole 
attf,thelon^tudeisknown,(Art.57.)  The  action  of  the  iron  of  a  ship  is  coDcen- 
reader  must  not,  however,  imagine  that  trated.itiscaUedthecentreotaltiadiaa: 
in  finding  his  latitude,  variation,  time,  let  p  be  this  point.  When  (be  head  cf 
mnd  longitude,  by  observation,  the  ma-  the  ship  is  directed  towards  tiie  laanetie 
liner  is  actually  compelled  in  practice  to  north,  then,  if  the  iron  b  equally  oidri- 
perform  all  Uie  trouldesome  calculations  buted  oo  each  ride  of  the  eonqtass,  it 
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cannot  be  affseted  by  tke  deviation ;  for  the  attraction  of  which  is  new  added 
the  attractions  of  the  point  p  and  the  to  the  attraction  of  the  plate, 
earth  in  this  case  coincide:  but  when  The  proper  position  of  the  plate,  thero- 
the  head  of  the  vessel  is  directed  to-  fore,  having  been  ascertained  as  abovB 
wards  the  magnetic  east  or  west,  then  mentioned,  or  by  the  tables  accompwiy^ 
nearly  the  maximum  of  deviation  will  be  ing  it,*  take  a  bearing  of  any  object,  then 
produced,  for  the  iron  of  the  ship  will  fix  the  plate  in  its  position,  and  observe 
draw  the  needle  towards  the  pomt  p,  its  effect  on  the  ship^s  compass ;  allow  a 
and  in  a  direction  perpendicular  to  the  deviation  equal  in  amount  to  the  «lfect 
line  of  the  attraction  of  the  earth.  jmxluced,  but  so  that  the  l>eanng  witii- 
When  the  ship  is  in  harbour,  place  her  out  the  plate  maybe  intermediate  be- 
head in  the  magnetic  north,  and  take  the  tween  the  bearing  with  the  plate,  and 
bearing  of  some  object ;  this  bearing  will  the  bearing  taken  as  the  true  one.  For 
be  free  from  deviation,  as  the  two  at-  example,  suppose  a  headland  to  bear 
tractions  coincide :  now  warp  the  ship*s  due  west,  affix  the  plate  to  the  compass ; 
head  round  till  it  be  directed  towards  the  suppose  that  the  same  headland  now 
magnetic  east,  and  again  take  the  bearing  bears  W  b  N,  that  is,  the  plate  pro- 
of the  object ;  the  di^erence  between  this  duces  a  deviation  of  a  point  westerly-s- 
hearing and  t  he  former  one  will  be  the  de-  but  whatever  deviation  the  plate  pro- 
viation,  when  the  ship's  head  is  east:  duces,  the  iron  ofthe  ship  must  have  pro- 
repeat  this  experiment  in  different  posi-  duced  nearly  the  same  deviation  before 
tions  of  the  ship's  head  with  respect  to  the  plate  was  attached — ^therefore  the  iron 
the  magnetic  north,  and  note  the  devia-  ofthe  ship  must  have  drawn  the  compass 
tions  produced  in  each  position ;  these  one  point  to  the  west  of  its  true  pomon^ 
are  the  deviations'  that  will  be  pro-  so  that  the  true  bearing  of  the  headland, 
duced  at  sea  when  the  ship  steers  those  independent  of  the  effect  of  both  iron 
particular  courses :  now  take  her  com-  and  plate,  must  be  W  b  S. 
pass  on  shore  and  place  it  on  the  top  of  Another  method  of  fixing  the  plate  has 
a  log  of  wood,  in  which  a  number  of  been  tried  with  success. — ^This  method 
holes  are  bored  at  the  distance  of  eight,  consists  in  fixing  it  behind,  or  abaft,  the 
nine,  ten,  &c.  inches  from  the  top ;  take  compass,  and  in  a  position  in  which  its  at- 
also  a  circular  plate  of  iron  P,  of  about  traction  will  produce  opposite  effects,  and 
a  foot  in  diameter,  screwed  on  a  brass  neutralize  that  of  the  ship's  iron :  indeed 
leg,  and  fix  it  in  one  of  these  holes;  some  late  investigations  by  the  distin- 
turn  the  log  round  towards  different  guished  mathematician,  M.  Poisson, 
points  of  the  compass ;  and  if  the  plate  would  seem  to  show,  that  this  mode  of 
when  fixed  in  that  position  with  respect  correcting  the  deviation  is  to  be  preferred 
to  the  ship's  compass,  produces  the  same  to  the  other  plan  of  discovering  its 
effect  upon  it  at  every  point,  that  is  amount,  and  allowing  for  it  ;t  especially 
produced  on  board  the  ship  by  her  iron,  in  all  cases  where  the  deviation  is  likely 
the  experiment  is  finished ;  if  not,  try  to  be  considerable.  In  fact,  this  mode 
different  positions  of  the  plate,  until  the  of  fixing  the  plate  was  adopted  in  the 
precise  situation  is  ascertained  in  which  trials  made  on  board  H.  ]£^8.  6riper» 
the  same  deviations  are  produced ;  and  in  Captain  Party's  two  last  expedi- 
then  measure  the  distance  of  the  centre  tions,  in  high  northern  latitudes,  where 
of  the  plate  below  the  card  of  the  the  deviation  was  very  considerable,  and 
compass,  and  also  its  distance  from  the  the  success  of  the  experiments  was  not- 
vertical  line  drawn  through  the  centre  of  withstanding  very  great, 
the  card  perpendicular  to  the  earth,  and  We  close  our  treatise  with  a  descrip- 
takethecompass  on  board  again  with  the  tion  of  this  simple  and  beautiful  con- 
plate.  It  is  found  bv  experiment,  that  trivance  ;  it  is  the  last  improvement 
when  the  plate  is  fixed  on  board  the  ship  which  genius  has  furnished  to  the  prac- 
in  a  position  with  respect  to  the  compass,  tical  navigator,  and  an  invention  of  our 
similar  to  that  it  occupied  on  shore,  when  own  times.  With  respect  to  the  subject 
it  produced  corresponding  deviations,  of  tliis  our  third  Part,  we  may  observe 
the  deviation  on  shipboard,  in  the  dif-  that  the  navigator  is  indebted  to  the 
ferent  positions  of  the  ship's  head,  is  science  of  astronomy  for  the  most  im- 
very  nearly  doubled ;  for  very  nearly  the  portant  branch  of  his  art ;  and  that  the 
same  deviations  are  produced  by  the       «  pi.,.^ . — ,, .    ^ — T7~::z — : r 

1  J.      AL  X                    J     *^  jV     T/         i  •  Platw  are  sold  by  W.  and  J.  Gilbert.  148.  ImA- 

plaite,  that  were  produced  by  it  on  shore  ;  enhaU-ttreet.  accompanied  bj  Ubles,  whidi  show  th» 

and  those  deviations  were  equal  to  the  »«'»ctions  of  the  plates  for  aaY»rai  pMitiou. 

deriatimis  prodnoed  foy  the  ^'s  iron,  p.ias?"  "^'"^'^^  •''^""^  •^  ^«**»**-  "^  »*• 
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astronomer  owes  to  navigation  the  best 
practical  illustration  of  the  utility  of  his 
pursuits,  and  the  gratifying  conviction 
that  the  labours  of  his  predecessors,  in 
4he  career  of  fame,  have  conferred  a  real 
l)enefit  on  mankind. 


The  principal  English  Treatises  on 
ihe  subject  of  Navigation  itself  are, 
Rotiertson's  Elements  of  Navigation; 
Riddle^s  Treatise  on  Navigation  and 
'Nautical  Astronomy  ^  Professor  In- 
inan*s Treatise  on  Navigation  and  Nau- 
tical Astronomy ;  Kerrigan's  Young 
Navigator's  Guide  to  the  Sidereal  and 
Planetary  Parts  of  Nautical  Astro- 
nomy; Norie's  Complete  Epitome  of 
Practical  Navigation;  Bowditch*s  Im- 
proved Practical  Navigator,  edited  by 
Kirby ;  and  Moore's  Practical  Naviga- 
tor. 

The  works  on  subjects  connected 
with  Navigation  are  far  too  numerous 
for  insertion  here:  we  may  mention, 
however,  Dr.  Maskelyne's  Preface  to 
the  Nautical  Almanac,  and  the  Preface 
to  Taylor's  Logarithms  by  the  same 
Author.  Some  additions  to  the  Nau- 
tical Almanacs  of  different  years  by 
Idaskelyne,  Wales,  Campbell,  Lyons^ 


Witchell,  Blair,  and  Biinkley;  Lax^s 
Tables  to  be  used  with  the  Nautical 
Almanac,  &c. ;  the  Nautical  Almanae; 
Connoissance    des    Terns ;    Fkt>fessor 
Schumacher's  Ephemeris,  &c. ;  Thom- 
son's Lunar  and  Horary  Tables ;  Work- 
man's  Navigation  Improved ;   Investi- 
gations relative    to   uie    probleni  for 
clearing  the  Apparent  Distance,  &c  by 
Dr.  Bnnkley,  m  the  (rentleman's  Ma- 
thematical  Companion  for  the  Year 
1815 ;  Mendoza's  Paper  in  the  Plulo- 
sophicai  Transactions  for  1 797 ;  KeDy's 
Practical  Introduction  to  Spherics  and 
Nautical  Astronomy;  Banow*s  Essay 
on  Magnetic  Attractions;  Bain,  on  the 
Compass ;  Several  valuable  Papers   in 
the     Philosophical    TransactiOQs    by 
Hallev,  Maclaurin,  Kater,  Sabine,  Fos- 
ter, &G.  &C.    The  foreign  authors  on 
Navigation  are  also  veiy  numerous,  the 
modem  treatises  are,  Beiout,  Traite  de 
Navigation,  and  Dul>ourguet,  Traite  de 
Navigation :  ^the  more  ancient  are  those 
of  Bartoiomew  Crescenti,  Rome,  1607 ; 
John  Baptist  Riocioli,  Bologna,  1661, 
&c  &c. ;  and  that  of  M.  Peter  Bqu- 
guer,  1760,  abridged  and  improved  bj 
M.  de  la  Caille. 


TABLE  I. 


Logarithmic  Stues,  Tangenttj  and  SccatUt,  to  every  Point  and  Quarter  Point  of  the 
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Oi 
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I 

n 
It 
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2| 
3 
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3f 


Sine. 


0.000000 
8.690796 
8.991302 
9.166520 

9.290236 
9.385571 
9.462824 
9.527488 

9.582840 
9.630992 
9.673387 
9.711050 

9.744739 
9.775027 
9.802359 
9.827084 

9.849485 


Co-sine. 


10.000000 
9.999477 
9.997904 
9.995274 

9.991574 
9.986786 
9.980885 
9.973841 

9.965615 

9.956163 

.9.945430 

9.933350 

9.919846 
9.904828 
9.888185 
9.869790 

9.849485 


Co-sioe. 


Sine. 


Tangent. 


0.000000 

8  691319 
8.993398 
9.171247 

9.298662 
9.398785 
9.481939 
9.553647 

9.617224 

9  674829 
9.727957 
9.777700 

9.82^1893 
9.870199 
9.914173 
9.957295 

10.000000 


Co-tang. 


Co4aQg. 


Infinite. 
11.308681 
11.006602 
10B28754 

10.701338 
10.601215 
10.518061 
10.4463531 

10382776 
10.325171 
10.272043 
10.222300 

10.175107 
10.129801 
10.085827 
10.042705 

loxmooo 


Secant. 


10.000000 
10000523 
10.002096 
10.004726 

10.008426 
10J013214 
10.019115 
10.026159 
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10.043837 
10.054570 
10.066650 

10.080154 
1 0  0951 72 
10.111815 
10.130210 
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Infinite.  I  8 
11309204/71 
11.008698  I  ?! 
10.833480  I  7^ 
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10.614429 
10337176 
10.472512 

10.417160 
10369008 
10326613 
10.288960 

10.255261 
10.224973 
10.197641 
10.172916 


10.150515     10.150516 


Tangent. 


wCvsec. 


S«cuit. 


7 

«i 

6 
5| 

H 

s 

*i 


NAVIGATION 


33 


TABLE  II. 

A  Tabic  tif  Corrections  io  be  added  to  the  Mean  Middle  Latitude  lojind  the  Tme  Middle  Latilade. 


Mid. 
Lnu 
IVg. 

DIFFERENCE   OF   LATITUDE .• 

3° 
8<i2 

4° 
0  03 

5<^ 
S04 

6° 

o    / 
0  06 

o    / 
0  09 

8° 
S  12 

9° 

o    / 
0  16 

10° 
S  19 

11° 

12° 

0  27 

13° 

8  81 

14°    15° 

o    '   'o    * 
0  36    0  40 

16° 
S  46 

17° 

8  5^1 

18° 
8  68 

19° 

20° 
fl4 

15 

o  •/ 
0  23 

To6 

16 

0  02 

003 

0  04 

0  U« 

0  09 

0  12 

0  16 

0  18 

0  22 

0  26 

0  30 

0  34  '  0  38 

0  4.) 

0  49 

0  66 

1  03 

1   11 

17 

0  02 

003 

0  04 

0  06 

0  08 

0  11 

0  14 

0  17 

0  21 

0  26 

0  28 

0  32    0  37 

0  42 

0  48 

0  64 

1  01 

1  08 

IS 

0  02 

0  03  0  04 

0  06 

0  08 

0  11 

0  14 

0  17 

0  20 

0  24 

0  27 

0  31    0  36 

0  4r 

0  46 

0  62 

0  63 

1  Wi 

1» 

0  02 
0  02 

0  03   0  04 

0  06 
0  06 

0  07 
0  07 

0  10 
0  00 

0  13 
0  12 

0  16  0  19| 

0  23 

• 

0  22 

0  26 
0  26 

0  30    0  84 
0  29    0  33 

0  4(> 
0  38 

0  46 
0  43 

0  60 

0  48 

0  66 
0  64 

1  03 
1  on 

30 

0  08 

0  04 

0  16 

0  18 

21 

0  02 

0  03 

0  04 

006 

0  07 

0  09 

0  12 

0  16 

0  18 

0  21 

0  25 

0  29 

0  33 

0  37 

0  42 

0  47 

0  63 

0  66 

22 

0  02 

0  OS 

0  04 

0  06 

0  07 

0  00 

0  12 

0  16   0  17 

0  20 

0  24   0  28 

0  32 

0  36 

0  41 

0  46 

0  61 

0  66 

23 

0  02 

0  03 

0  04 

0  06 

0  07 

0  09 

0  12 

0  16 'O  17 

0  20 

0  24   0  28 

0  32 

>>  36 

0  40 

0  46 

0  60 

0  .•).') 

34 

0  02 
0  02 

0  03 
0  08 

0  04 
0  04 

0  06 
0  06 

0  07 
0  07 

0  09 

0  09 

0  11 
0  11 

0  14  0  16 
0  14  0  16 

0  19 
0  19 

0  23   0  27 
0  23    0  27 

0  31 

0  So 
0  36 

0  39 
0  39 

0  44 

043 

0  -M  ,  0  63 1 

25 

0  31 

0  47 

0  62 

26 

0  02 

0  03 

0  04 

0  06 

0  07 

0  09 

0  11 

0  14  0  16 

0  19 

0  22    0  26    0  30 

0  34 

0  38 

U  42 

0  47 

0  62 

27 

0  02 

0  0]( 

0  04 

0  06 

0  07 

0  Ob 

0  11 

0  14 ;0  16 

0  19 

0  22   0  26 

0  3(> 

0  3.4 

0  3« 

0  42 

0  46 

U  61 

28 

0  02 

003 

0  04 

0  06 

0  06 

0  08 

0  10 

0  13   0  16 

0  18 

0  21    0  26 

0  29 

0  'JA 

0  37 

0  41 

0  46  0  61  1 

2*J 

0  02 

0  03 

0  04 

006 

• 

0  06 

0  08 

0  10 

0  13,0  16 

0  18 

0  21  1  0  26 

0  29 

0  32 

0  86 

0  41 

0  46 

0  50 

3^) 

0  02 

0  03 

0  04 

0  06 

0  06 

0  08 

0  10 

0  13  0  16 

0  18 

0  21    0  26 

0  38 

0  32 

0  36 

0  41 

0  46 

0  60 

31 

0  02 

0  03 

0  04 

0  06 

006 

0  OH 

0  10 

0  13  0  16 

0  18 

0  21    0  26 

0  28 

0  32 

0  36 

0  41 

0  46 

0  60 

32 

0  02 

J  03 

0  04 

0  06 

0  06 

0  08 

0  10 

0  13  0  16 

0  18 

0  21    0  26 

0  28 

0  31 

0  36 

0  41 

0  46 

0  60 

33 

0  02 

0  03 

0  04 

0  06 

0  06 

0  m 

U  10 

0  13  0  16 

0  18 

0  21    0  24  .  0  27 

0  31 

0  36 

0  40 

0  44 

U  49 

34. 

0  02 

0  03 

0  04 

0  06 

0  06 

0  08 

0  10 

0  13,0  16 

0  18 

0  21    0  24  1  0  27 

0  81 

0  35 

0  40 

0  44 

0  40 

36 

0  02 

0  08 

0  04 

0  06 

0  06 

0  08 

0  10 

0  13   0  16 

0  18 

0  21    0  24|0  27 

0  81 

0  36 

0  40 

044 

0  49 

36 

0  02 

003 

0  04 

0  06 

006 

0  08 

0  10 

0  13  0  16 

0  18 

0  ^1 

0  21 

0  27 

0  81 

0  86 

0  40 

0  44 

0  4J 

37 

0  02 

0  03 

0  04 

0  06 

0  06 

0  08 

0  10 

0  1310  16 

0  18 

0  21 

0  24 

0  27 

0  81 

0  36 

0  40 

0  44 

0  49 

38 

0  02 

0  03 

0  04 

0  06 

0  06 

0  08 

0  10 

0  13   0  16 

0  18 

0  21 

0  24 

0  27 

0  81 

0  36 

0  40 

0  46 

0  60 

39 

0  02 
0  02 

0  03 
0  03 

0  04 
0  04 

0  06 
0  06 

0  06 
0  06 

0  08 
008 

0  10 
0  10 

0  13 

0  16 

0  18 

0  21   0  26 
0  22   0  26 

0  28 
0  28 

0  82 
0  32 

0  36 
086 

0  41 
0  41 

0  46 
0  46 

0  60 
0  60 

40 

0  13 

0  16 

0  18 

41 

0  02 

0  03 

0  04 

0  06 

0  06 

008 

0  10 

0  13 

0  16 

0  18 

0  22  0  26 

0  28 

0  32 

0  37 

0  41 

0  45 

0  60 

42 

0  02 

0  03 

0  04 

0  06 

0  06 

0  08 

0  10 

0  13 

0  16 

0  18 

0  22  0  26 

0  29 

0  33 

0  37 

0  42 

0  46 

0  61 

43 

0  02 

0  08 

0  04 

0  06 

0  07 

0  09 

0  11 

0  14   0  16 

0  19 

0  23  0  26 

0  30 

0  84 

0  38 

0  43 

046 

0  61 

44 
46 

0  02 
0  02 

0  U3 
0  03 

0  04 

0  06 
0  06 

0  07 
0  07 

0  0!) 
0  09 

0  u 

0  11 

0  14,0  16 
0  14,0  16 

0  19 

0  23, 

0  27 

0  30 
0  81 

0  84 
0  86 

088 

0  43 
0  43 

0  47 

0  47 

0  62 
0  62 

0  04 

0  19 

0  23 

0  27 

0  89 

46 

0  02 

008 

004 

0  (iSt 

0  07 

0  09 

0  11 

0  14  0  16 

0  19 

0  23 

0  27 

0  31 

0  86 

0  S9 

0  44 

0  48 

0  63 

47 

0  02 

0  03 

0  04 

0  06 

0  07 

0  09 

0  n 

0  14  0  16 

0  20 

0  23 

0  27 

0  81 

0  86 

0  40 

044 

0  49 

0  64 

48 

0  02 

0  08 

0  04 

0  06 

0  07 

0  09 

0  11 

0  14  0  16 

0  20 

0  23 

0  27 

0  31 

0  86 

0  40 

0  46 

0  60 

0  65 

40 

0  02 
0  03 

0  03 
0  OS 

0  04 

0  05 
0  06 

0  07 
0  07 

009 
0  09 

0  11 
0  11 

0  14  0  17 
0  14  0  17 

0  21 
0  21 

0  24  0  28 
0  24  1 0  28 

0  32 

0  36 
0  86 

0  41 
0  41 

0  45 
0  46 

0  51 
0  62 

0  67 
0  58 

60 

0  04 

0  32 

61 

0  02 

0  OS 

0  04 

0  06 

0  07 

0  09 

0  11 

0  14  0  17 

0  21 

0  24   0  28 

0  32 

087 

0  42 

0  47 

0  63 

0  69 

62 

0  02 

0  08 

004 

0  06 

0  07 

0  09 

0  12 

0  16  jo  18 

0  22 

0  26 

0  29 

0  33 

0  37 

042 

0  48 

0  64 

1  00 

63 

0  02 

003 

004 

0  06 

0  07 

0  09 

0  12 

0  15   0  18 

0  22 

0  2!i 

0  29 

033 

0  38 

0  48 

0  40 

0  66 

1  01 

64 
66 

0  02 
002 

0  08 

0  04 

006 

0  08 
0  08 

0  10 
0  10 

0  18 
0  13 

0  16  0  19 
0  16  0  19 

0  23 
0  23 

0  26 

0  80 
0  30 

0  34 

0  85 

0  89 
0  40 

044 
0  46 

0  50 
0  51 

0  66 

1  02 
1  03 

0  08 

0  04 

0  06 

0  26 

0  67 

66 

0  02 

0  08 

0  04 

0  06 

0  08 

0  10 

0  13 

0  16  0  20 

0  24 

0  27 

0  31 

036 

0  41 

0  46 

0  62 

0  58 

1  04 

67 

0  02 

0  08 

0  04 

0  06 

0  08 

0  11 

0  14 

0  17,020 

0  24 

0  28 

032 

0  87 

0  42 

048 

0  54 

1  00 

1  06 

68 

0  02 

0  08 

0  04 

0  06 

0  00 

0  11 

0  14 

0  17*0  31 

0  26 

0  29 

0  S3 

0  88 

0  44 

0  50 

0  55 

1  02 

1  m 

69 

0  02 
0  03 

003 
0  08 

0  04 

006 
006 

0  09 
0  09 

0  12 
0  »2 

0  16 
0  16 

0  18 
0  19 

,0  22 

0  28 
0  27 

0  SO 
0  81 

0  84 

0  89 

046 
0  46 

0  61 
0  62 

0  57 
0  69 

1  04 

4  10 
1  13 

004 

,0  28 

0  86 

0  40 

1  06 

61 

0  02 

0  OS 

0  06 

0  07 

0  00 

0  12 

0  16 

0  19  0  23 

0  27 

0  81 

0  36 

0  41 

0  47 

0  64 

1  01 

1  08 

1  15 

62 

0  03 

003 

006 

007 

0  09 

0  13 

0  16 

0  20  0  24 

0  28 

0  82 

0  37 

0  42 

0  49 

0  56 

1  08 

1  10 

1  18 

6S 

0  02 

004 

0  06 

0  07 

009 

0  IS 

0  16 

0  30  0  24 

0  29 

0  83 

0  39 

0  44 

0  61 

0  58 

1  05 

1  12 

1  31 

64 
66 

0  02< 
0  03 

0  04 
0  04 

006 
006 

0  08 
0  08 

009 
0  10 

0  13 
0  18 

0  17 
0  17 

0  21    0  26 
0  21    0  26 

0  29 
0  SO 

0  34 
0  36 

0  40 

0  46 
0  48 

053 

1  00 
1  03 

1  07 
1  09 

1  14 
1  17 

I  34 

0  41 

055 

1  37 

66 

0  03 

004 

006 

0  08 

0  10 

0  14 

0  18 

0  22  0  26 

0  81 

0  37 

0  43 

050 

0  58 

1  06 

1  12 

1  21 

1  31 

67 

0  03 

004 

006 

0  06 

0  11 

0  16 

0  18 

0  28  0  27 

0  88 

0  38 

0  Ab 

0  63 

1  00 

1  07 

1  16 

1  35 

I  8:» 

68 

0  03 

0  04 

006 

006 

0  11 

0  16 

0  19 

0  24  0  28 

084 

0  40 

0  48 

0  65 

1  02 

1  10 

1  19 

1  SO 

1  89 

69 
70 

0  02 
0  03 

006 

006 
0  06 

0  09 
0  09 

0  12 
0  IS 

0  16 
0  17 

0  20 
0  31 

026,030 
0  36  0  81 

0  36 
0  88 

0  44 
0  44 

9  60 
0  62 

068 
1  00 

1  06 
1  08 

1  18 
1  17 

1  28 
1  28 

1  34    1  44 
1  39   I  60 

0  06 

71 

0  04 

0  06 

0  07 

0  09 

0  13 

0  18 

0  23 

0  27   0  S3 

04010  46 

0  66 

1  OS 

1  12 

1  23 

1  33 

1  44 

1  56 

72 

0  04 

0  06 

0  08 

0  lOlO  U 

0  19 

0  23 

020036   042  0  49 

0  68 

1  06    1  16 

1  27 

1  38 

1  60 

3  04 

*  Whni  the  diffiftnmre  of  latitnde  it  under  2®,  the  oorreetion  m%y  be  ntglectcd ;  when  it  ia  9^  and  under  3^,  add  « 
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EXPLANATION  OP  SCIENTIFIC  TERMS 

MAOS  USS  OF  IN  THIS  VOLUMB.  . 


N.B.  Maxky  of  the  terms  are  common  to  this  and  the  two  jsecedin^  volnmei ;  but  thoie 
explanation!  that  were  given  in  the  former  Olossaries  will  be  merely  referred  to  in  the 
present,  except  in  a  few  casesi  where  the  definitions  were  not  sumiosed  to  be  sufiiciently 
explicit.    Several  omissions  may  be  supplied  by  consulting  the  Indexes. 


ABERRATION.  The  name  ffiven  to  anap-  Giottary  II.,  article  Horizon  ;   and  Astrih 

parent  change  of  place  in  the  fixed  stan,  nomy,  page  16. 

consequent  upon  the  time  taken  up  during  AMPLITUDE  of  the  sun,  or  of  a  star.— 

the  passage  of  a  ray  of  light  to  the  eye  See  Qhuary  II.,  article  Horizon;   Mtro- 

compared  with  that  of  the  earth's  annual  nomy^  page  256 ;   and  Navigation,  page 

motion.     This  is  familiarly  explained  in  30. 

the  preceding  glossariesi  and  more  scien-  ANGLE. — See  Glouary  I. 

tifically  in  the  present  volume  .—-AMtrO'    OF  ELONGATION.— See  £/om- 

nomy,  pages  64  and  146,  and  HiiUory  of  gaiion, 

Mtronomy,  page  89.  ANNUAL  PARALLAX.— See  Paraliax, 

ACCELERATION    OF  MOTION.— See  ANNULAR,  an  adjective,  from  the  Latin 

G/oisary  I.    Acceleration  may  be  either  tmnuhtt,  a  ring.    Those  eclipses  of  the 

regular  or  variable,  that  is,  by  equal  or  by  sun,  in  which  a  ring  of  light  is  visible 

unequal  accessions  in  equal  times.    The  around  the  dark  body  of  the  moon,  are 

motions  of  the  planets  are  continually  termed  Annular  EclipKts  they  are  also 

accelerated,  according  to  a  known  law,  Central  EclipteM,  because  the  centres  of 

from  their  aphelion  to  their  perihelion ;  the  sun  and  of  the  moon  appear  to  coin* 

while  there  is  a  continued  retaidation  in  a  cide. 

like  ratio  in  the  opposite  half  of  their  ANTARCTIC. — See  Arctic, 

orbits :    the  average  of  these    motions  ANTIPODES  (Greek  on/i,   against,  and 

through  the  whole  circuit  (the  space  di-  podo9i  a  foot).    If  a  straight  hue  be  sup- 

vided  by  the  time)  is  called  the  mean  posed  drawn  from  any  pomt  of  the  earth's 

motion,  surface,  through  its  centre,  so  as  to  ter- 

ACOTYLEDONOUS. — See  Cotyledon,  minate  in  a  pomt  on  the  opposite  surface, 

ACRONYCAL  (a  Greek  compound  denoting  two  persons    standing  on  those  points 

the  j)oin/  qf  night)  in  its  literal  acceptation  would  be  Aniipode*  to  one  another, 

denotes  the  moment  of  the  suu*s  setting  or  APHELION.— 4See  Giotsary  II.  and  Astro* 

of  his  rising, — ^the  Iwginning  or  the  end  of  nomy,  page  1 27. 

night.   In  modern  astronom]^  it  is  confined  APOGEE. — See  Giottary  II.  and  AtirO' 

to  the  former;  and  a  star  is  said  to  rise  itomy,  page  19. 

or  to  set  acronieally  when  it  rises  or  sets  APPARENT  TIME.— See  Time, 

at  the  instant  of  sunset.    On  the  central}',  APSIDES.— See  Orbit. 

when  a  star  rises  or  sets  in  the  morning  ARC   OF  A  CIRCL£.*4See   Giottary  X. 

at  the  moment  of  sunrise,  it  is  said  to  rise  Angle, 

or  to  set  cotmicallyf  but  how  this  Greek  ARCTIC.    The  Greek  arctot,  a  bear,  is  the 

derivative  has  been  so  applied  we  have  origin  of   the  two  scientific    adjectives 

not  been  able  to  determine.     In  the  case  Arctic  aud  Antarctic  (anti-arctic)  which 

of  its  cotmical  rising  or  setting,  the  star  are  equivalent  to  northern  and  southern, 

is  never  visible ;  but  when  it  appears  in  An  imaginary  line  passing  through  the 

the  morning  a  little  before  the  sun,  or  centre  of  the  earth,  and  on  which  it  turns 

sets  in  the  evening  a  little  after  him,  it  is  in  its  diurnal  rotation,  is  called  its  axit  / 

said  to  rise  or  to  set  keliacally  (Greek  and  the  two  ends  of  that  line,  where  they 

keliot^  the  sun) ;   and  it  is  only  m  his  are  supposed  to  terminate  at  the  surface* 

heliacal  rising  or  setting,  that  the  planet  are  the  Polet  or  pivots  (Latin  f  o/i),  and 

Mercury  is  ever  visible  to  the  naked  eye.  are,  respectively,  tne  north  and  south  (the 

ALMANAC. — See  Calendar,      The  word  Arctic  and  Antarctic)  poles  of  our  globe, 

is  Arabic,  signifying  the  reckoning.  If  we  suppose  the  line  to  be  extended  in 

ALTITUDE  of  the  aun,  or  of  a  ftar.<«»See  both  dicectionsi  it  will  become  an  axit  to 
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the  spherical  concavi^  of  the  sky ;  and 
will  mark  two  points  in  the  heavens  that 
are  also  called  the  north  and  the  south 
poleSi  around  which,  or  rather  their  line 
of  junction,  all  the  fixed  stars  appear 
to  revoWe.  The  north  pole  of  the  heaTens 
(the  only  one  visible  in  our  latitude)  is  a 
point,  situated  in  the  coustellation  called 
Una  Minor,  or  the  little  bear ;  atid  a  bright 
staTi  in  the  tip  of  the  tail  of  this  ima^nary 
animal,  is  called  the  Pole-ttar,  or  Po/ar- 
9tar,  because  near  to  the  real  pole.  Cir- 
cles supposed  to  be  drawn  round  the 
Arctic,  and  the  Antarctic  pole,  at  the  dis- 
tance of  about  23$  degrees,  are  termed, 
respectively,  the  Arctic  and  the  Aniarctio 
Circle,  On  the  terrestrial  globe,  those 
circles  surround  what  are  called  the  two 
Frozen  Zone*,  or  girdles  of  the  earth. 

AREA.— See  GlMtary  II. 

ASCENSION,    RIGHT.— See  Right   Am- 
cension, 

ASTRONOMICAL  HORIZON.-See  G/o*- 
sary  II.,  Horizon. 

ATMOSPHERE^See  Gionary  I. 

REFRACTION   OF^ 

See  Glossary  II. 

ATTRACTION  —See  Glossary  I. 

AXIS. — See  Arctic,  and  Astronomy,  page  6. 

OF  AN  ELLIPSIS,  PARABOLA, 

CONE,  &c. — See  Glossary  I.,  Cone  and 
Conic  Sections. 

MAJOR  AND  AXIS  MINOR  OF 

AN  ELLIPSIS,  are  the  same  as  the 
Transverse  and  Conjugate  Diameters, 
wh'ch  see  in  Glossary  I. 

AZIMUTH.— See  Glossary  IL,  Astronomy, 
pp.  36  and  2.56,  and  Navigation,  page  27. 

COMPASS.— See  Glossary  IL, 

and  Navigation^  page  30. 

-,  MAGNETIC— See  Ghisary 


IL,  article  Horizon, 

BEARING,  in  Navigation,  is  the  situation 
of  one  place  from  another  with  resi^ect  to 
the  points  of  the  compass.  Thus  if  A  li«s 
in  the  direction  of  south-west  from  B,  then 
to  an  observer  at  B,  A  is  said  to  bear 
south-west,  or  to  have  a  south-West  Beat' 
ing  ;  while  (o  an  ob.server  at  A,  the  point 
B  will  bear  north-east,  or  have  a  north- 
east Bearing. — See  Navigation,  p&mi  16. 

BERGS.  The  Swedish  Berg  is  a  hill  or 
mountain ;  and  hence  the  name  of  Bergs, 
or  mure  generally  Icebergs,  is  given  to 
the  mountains  of  ice  which  are  met 
with  in  the  Polar  Seas.  Flat  sheets  of 
wide-spread  ice  are  termed  Fields;  and 
small  portions  (because  found  floating) 
are  Floes. 

BISSEXTILE.— See  Calendar. 

CALENDAR  OR  KALENDAR.  This 
term  is  understood  to  have  been  derived 
from  the  Greek  Aaleo,  I  call  or  proclaim, 
because  the  first  appearance  of  the  new 
moon  was  watched  for  and  proclaimed; 
and  hence  the  first  days  of  the  several 


months  were  marked  Calendm  (theCs- 
lends)  in  the  Calendar,  or  Almanac  oi  the 
Romans. 

Time,  as  measured  by  the  revolatioosof 
the  sun  and  moon,  is  divided  into  days, 
months,  and  years.    The  Mowstks  (^Moem- 
eths)  were  at  first  meant  to   denote  the 
period  of  a  Innar  revolution,  or  the  time 
from  one  new  moon  to  another;  and  the 
years  were  counted  by  the  revolutions  of 
the  sun: — from  the  shortest    day  (day- 
&ght)  to  the  shortest  day  again,  or  from 
the  point  of  time  of  the  venal  equinox  to 
its  return.    The  solar  year,  however,  does 
not  contain  an  even  number  of  lunations ; 
and  calendars  were  made  to  shew  the  con- 
nexion between  them.    The  earliest  known 
Roman  year  consisted  of  304  days,  divided 
into  ten  months,  or  moons ;  and  hence  the 
names     September,  October,  November, 
and  December,  from  the  Latin  words  for 
7,  8,  9,  and  10.    Two  more  moons  were 
prefixcKl  by  Numa,  making  up  354  days, 
or  about  12  lunations.    This  period,  how- 
ever, being  still  less  than  a  revolution  of 
the  sun,  Julius  Cssar  reformed  the  calen- 
dar, by  lengthening  the  several  months  (to 
the  same  extent  as  thev  now  are),  so  as  the 
year  should  consist  or  365  days ;  and  as 
the  sun  is  nearly  six  hours  longer  in  per- 
forming his  apparent  annual  circuit,  every 
fourth  year  was  made  366  days,  by  adding 
a  day  to  the  month  of  February.     Hiis 
addition  of  a  day  to  every  fourth  year  is 
known  at  present  by  the  name  of  Leti^ 
year ;  but  the  Romans  did  not  add  it  to 
the  end  of  February,  as  we  do,  but  m^- 
calated  it  after  the  twenty-third,  so  that 
the  twenty-fourth  day  was  counted  twice : 
this  day,  usually  termed  SextUis,  was  there- 
fore   BiS'textilis ;  and  consequently    ihe 
Bissextile  is  another  name  for  Leap^yrar. 

The  subsequent  reformation  of  the  calen- 
dar by  Pope  Gregory  XIII.,  now  called 
the  Gregorian  Calendar,  and  the  reasons 
for  that  reformation,  are  amply,  though 
concisely  explained,  in  the  Uistonf  of  A*- 
tronomy,  at  pp.  37,  47,  and  48,  to  which 
We  refer. 
CALENDAR  MONTHS  contain  the  num- 
ber of  days  marked  to  each  in  the  calen- 
dar, as  distinguished  from  Litnar  Months^ 
which  are  legally  of  four  weeks  or  twenty- 
eight  days :  of  course,  neither  of  these 
periods  corresponds  to  a  lunation. 

Canicular  period.  The  Dogear 

is  otherwise  called  Struts  and  Caniada 
(Latin,  Cams,  a  dog) ;  and  what  is  con- 
nected with  that  star  is  termed  Cammhr. 
The  Dog-days  (or  Qinicuiar  days)  in  the 
ancient  calendars  were  forty  days ;  reck- 
oning twenty  before  and  twenty  after,  the 
heliacal  rising  of  Sirius.  That  period, 
bemg  then  the  hottest  of  the  year,  was, 
by  the  Greeks,  accounted  the  season  of 
<*  fevers,  plagues,  and  death.^  The  time 
of  the  heliacal  rising  of  the  dog^tar,  how- 
ever^ (what  the  astrologers  of  old  never 
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dreamt  of,)  varies  in  consequence  of  the 
precession  of  the  eqmnoxee ;  so  that,  in- 
stead of  happening  in  the  warmest  season, 
it  has  gradually  advanced  towards  the 
autumn.  The  modern  almanac  makers 
have,  thereforej  regardless  of  the  star, 
marked  the  dog^ays  as  conmienctng  on 
the  third  of  July  t^d  ending  on  the 
eleventh  of  August. 

The  E^ryptian  year  consisted  of  365 
days ;  and  supposing  it  to  have  begun  at 
the  heliacal  rising  of  the  dog-star  (which 
they  called  Soih),  its  next  heliacal  riaiog 
would  be  about  six  hours  later  every  year; 
80  that  a  period  of  1461  years  would  elapse 
before  that  star  would  a^ain  rise  heliacally 
at  the  beginning  of  their  year.  Tlas  they 
knew,  and  it  has  been  termed  the  Soihic, 
or  Canicu/ar  period. — See  Mironomy,  pp. 
15  and  43. 

CAPE.— See  Head/and. 

CENTRAL  ECLIPSE.— See  Aimuiar. 

CENTRIFUGAL  FORCE.— See  Ghuary 
I.,  and  Hiitory  of  Aitnmcmjf^  pp.  76,  77. 

CENTRIPETAL  FORCE.— See  Qlotary 
II.,  and  Mathematicai  Gto^rapk^f  V^S^ 

CHARTS,  in  Oeography  and  NavifotioHy 
are  representations  of  portions  of  the 
earth's  surface  on  paper,  according  to 
scales  which  regulate  the  relative  pro- 
portions of  the  parti.  Gteographical  charta 
are  more  usually  called  MapMf  being  ge- 
neral; but  Nauttcalf  or  Marine  CAorto  are 
particularly  appropriated  to  delineations  of 
a  coast  and  part  of  the  adjacent  sea. 
Marine  CharU  are  constructed  by  two 
different  methods.  In  a  Piane  Chart,  the 
meridians  as  well  as  the  latitudes  are  re- 
presented by  equidistant  and  straight 
parallel  lines;  and,  consequently,  the 
longitudes  and  latitudes  appear  equal,  dif- 
fering from  the  fact.  In  a  Mercaior^t 
Chart,  the  meridians  as  well  as  the  circles 
of  latitude  are  also  represented  by  straight 
parallel  lines;  but  the  distance  of  the 
latter  increase  in  a  determinate  ratio  from 
the  equator  to  the  poles.— See  Aavr^o/ton, 
pages  7  and  17. 

CHORD  OF  AN  ARC— See  G/osear^  I., 
Angie, 

CIRCLE,  DIVISION  AND  PARTS  OF. 
— See  Glouartf  I.,  Angltt  and  Attrommy, 
page  8,  note. 

^REAT,  OF  A   SPHERE.    A 

^at  circle  of  a  sphere  is  any  circle  which 
IS  formed  by  a  plane  supposed  to  pass 
through  its  centre. 

CIRCLES.  CONCENTRIC  AND  EC- 
CENTRIC—See  Concentric  drctet. 

— -  OF    DECLINATION,— See 

Dee/ination  and  Navigation^  page  27. 

,  SECONDARY.— See    AUro- 


nomy,  page  1 6. 

-,  VERTICAL.— See  Qioetary  I. 


Horizon  and  Astronomy ^  page  16. 

CIRCUMPOLAR  STARS.    On  referring 

to  the  ezpUnatioa  of  ArciiOf  we  lee  why 


all  the  fixed  ttart  appear  to  re? olve  round 
the  poUi,  At  every  place  of  the  earth, 
except  on  the  equinoxial,  one  or  other  of 
the  poles  is  always  elevated  above  the 
horison  to  a  degree  equal  to  the  latitude 
of  that  place.  Certain  stars,  according 
to  their  vicinity  *to  the  pole,  notwith- 
standing they  also  apparently  move  round 
it,  will  never  fall  so  low  as  the  horison ; 
those  never  set,  and  are  termed  drcmif 
polar  Stare. 

CLEPSYDRA,  an  instrument  used  by  the 
ancients  for  measuring  time.  It  received 
various  improvements,  but  the  general 
principle  was  that  of  the  gradual  dropping 
of  water  from  one  vessel  into  another,  in  tlw 
maimer  of  a  sand-glass ;  to  which  latter, 
the  name  of  Clepejfdra  was  sometimes 
incongruously  given. 

CLIMATE,  in  its  geographical  and  tech- 
nical application,  Climate,  or  CHmCf  de- 
notes an  imaginary  narrow  belt  of  the 
globe,  parallel  to  the  equator ;  and  is  so 
called  from  the  Greek  clima,  inclination, 
because  the  difibrence  of  climates  depends 
on  the  inclination,  or  obliquity  of  the 
sphere.  The  belts  constituting  the  several 
climates  are  small,  depen<hng  on  the 
average  length  of  the  longest  day :  that 
of  each  increasing  by  half  an  hour,  from 
the  equator  to  the  polar  circles,  when  the 
climates  are  counted  by  months,  tiU  they 
reach  the  poles.  In  a  more  popular  and 
accurate  sense,  a  Climate  is  designated 
(as  hot  or  cold,  dry  or  moist)  from  the 
comparative  degree  of  heat  and  moisture 
which  generally  exists  in  its  atmosphere. 
— See  Fhjfiical  Geography y  page  34* 

COLURES.— See  EcUptie  Bad  Aetronomy, 
page  62. 

C0BIPA8S.— See  Gloeaary  II. 

COMPLEMENT  OF  AN  ANGLE  OR 
ARC  is  what  it  wants  to  complete  the 
quadrant,  or  right  angle. 

CONCENTRIC  CIRCLES  are  such  as 
have  the  same  centre,  the  one  sorrounding 
the  other  as  with  a  ring.  Circles  that 
are  wholly,  or  partially,  included  in 
another,  but  have  diffisrent  centres,  are 
termed  Eecentrio. 

CONCENTRIC  THEORY.-«ee  Epicycle. 

CONE,  RIGHT  AND  OBLIQUE^— See 
Glouaryl;  Cone» 

CONIC  SECTIONS.— See  O/ofnry  L 

CONJUGATE  DIAMETERS^r-See  Glaa- 
aary  I.,  Caiiio  Sections. 

CONJUNCTION  OF  THE  SUN  AND 
PLANETS.  The  planets,  relatively  to 
the  earth,  are  separated  into  two  divisions, 
In/erior  and  Superior  t  the  former  having 
their  orbits  wUhin,  and  the  latter  without, 
that  of  the  earth.  When  a  planet,  as  seen 
from  the  earth,  is  in  the  same  direction  as 
the  sun,  it  is  said  to  be  in  co^function 
with  the  eun.  This,  however,  in  the  case 
of  an  inferior  planet,  may  be  either  when 
it  pauses  between  the  sun  and  the  earth, 
or  when  it  ia  on  the  fttitbnr  side  of  the 

B  2 


EXPLANATION  OF  SGISNTinC  TBRH& 


•on ;  the  foimer  is  the  Inferior^  and  the 
latter  the  Superior  Omjunditm,  A  su- 
perior planet,  never  passing  between  the 
sun  and  the  earth,  is  only  once  in  con- 
junction with  the  sun  during  its  revolution. 
In  the  point  of  its  orbit,  when  the  earth  is 
between  it  and  the  sun,  the  planet  is  said 
to  be  in  OppotiiioH  to  the  sun.  The  Cm- 
junctima  and  OppoiiiionM  of  the  moon 
have  the  general  name  of  Syzygiea. — See 
Quadraiure*.  The  angle  under  which  we 
see  the  distance  of  a  planet  from  the  sun 
(reduced  to  the  ecliptic)  is  called  its  eion- 
gation. — See  Attronomv^  P^S^  7^- 

CONSTELLATIONS.  The  whole  of  the 
fixed  stars  are  apportioned  into  separate 
groups  termed  QmttelUUioiu,  each  of 
which  is  included  within  the  outliue  of  a 
certain  figure  (chiefly  of  an  animal)  which 
is  imagined  to  be  drawn  on  the  concave  of 
the  sky.  Forty-«ight  of  these  constella- 
tions are  of  unknown  antiquity.  The 
twelve  that  occupy  the  zodiac  are  termed 
the  Twelve  Signe. — See  Zodiac. 

CO-SECANTS,     N  These  are  the  Secantt, 

I  Sinewy  and  TangenUf  of 

CO-SINES,  Varcs  that  are  the  com- 

iplements   of  those    in 

CO-TANGENTS. )  question. 

COSMIC AL,  a  term  applied  to  the  rising 
or  setting  of  a  star,  and  opposed  to  ^cro' 
ngeait  which  tee. 

COTYLEDON.  The  embryo,  which  con- 
stitutes  the  vital  principle  of  a  vegetable 
seed,  is  termed  the  Coreulumj  being  a 
Latin  diminutive,  signifying  a  little  heart, 
which  in  many  cases  its  shape  resembles. 
This  Otreulwn  consists  of  two  parts  :  the 
Rottellttm,  or  radicle,  which,  descending, 
becomes  the  root ;  and  the  Plumula,  or 
feather,  which,  ascending,  becomes  the 
stem  and  leaves.  A  pair  (for  some  emi- 
nent botanists  assert  that  they  are  never 
single)  of  roundish  or  compressed  bodies 
constituting  the  chief  bulk  of  most  seeds, 
and  immediately  attached  to  the  Corculum, 
have  been  named  Cotgledons  or  Seed'tobes, 
from  a  Greek  word  signifying  a  cavity. 
These  generally  rise  out  of  the  ground  with 
the  PlwnulOf  and  assume  the  appearance 
of  leaves  (though  unlike  those  of  the  fu- 
ture plant) ;  and  when  the  real  foliage 
comes  forth,  they  droop  and  die.  In  the 
natural  classification  of  Jussieu,  all  plants 
are  divided,  in  the  first  instance,  into  three 
divisions :  those  of  which  the  seeds  have 
only  one  CotgledoHf  termed  Afonocotgledo- 
noue;  those  which  have  two  Cotgledont, 
termed  Dicotyledonous;  and  those  in 
which  Cotyledont  are  altogether  wanting, 
or  Acotghdonout, 

CRUST ACEOUS.  For  the  explanation  of 
this  term,  and  its  distinction  from  Testa- 
ceouSf  see  Physical  Geography^  page  49, 
note. 

CRYPTOGAMOUS.  In  the  sexual  system 
of  Linnaus  the  fructification  of  plants  is 
ascribed  to  certain  esiential  parts  of  the 


flower ;  and  such  plonta  as,  having  no 
flowers,  wanted  those  iMixta,  vrere  d  steed 
under  one  heed  by  the  name  of  Crgpio^ 
gamiOi  or  hidden  marriages.  Qrgpiogm- 
mous  plants  are  therefore  those  that  heax 
no  flowers,  and  flowering  plants  have  some- 
times been  termed  Phanerogtimattg. 

CULMINATION  is  the  transit  of  a  star 
over  the  meridian,  or  the  point  of  ita 
highest  altitude. 

CURVATURE,  RADIUS  OF.— See  iZa- 
dius  of  Curvature. 

CURV£.--See  Ghuary  1. 

CUSPS.— See  Phases, 

CYCLE  is  a  period  of  time  during  vhich 
certain  natural  phenomena  complete  their 
round ;  so  as  to  begin  anew,  and  conti- 
nually occupy  another  cycle  equal  to  the 
past.  The  Greek  eydos  is  literally  a  circle, 

METONIC— See  Epad. 


CYCLOID.— See  Glossary  I.,  and  Tiroekoid 

in  the  present. 

DAY.    In  common  language,  day  is  op- 
posed to  night,  as  light  to  darkn^  ;  but^ 
in  this  usage,  its  lengths  are  very  unegnaly 
varying  with  the  latitude  of  the  place, 
and  the  time  of  the  year ;  for,  vrithin  the 
polar  circles,  there  are  weeks  and  months 
in  which  the  sim  never  sets,  and  equal 
periods  in  which  he  never  rises.     In  all 
other  climates,  however,  the  day  and  night 
together,  that  is,  firom  sunrise  to  sunnse, 
always  make  up  a  period,  nearly  equal, 
which  is  called  the  Solar  Dag.    This  day 
is  divided  into  twenty-four  equal  hours ; 
and  these  hours,  counted  from  noon  and 
enumerated   from    one    to    twentj-foor, 
make  the  solar  day  of  the  astronomers. 
The  CivH  Dag  begms  at  midnight,  and  is 
counted  in  two  portions  of  twelve  hours 
each :  from  midnight  to  noon,  and  ficom 
noon  to  the  succeeding  midnight. 

Though  in  the  course  of  the  ^ear  the 
earth  must  have  revolved  365 J  times  on 
its  axis,  making  so  many  real  solar  days, 
those  days  are  not  of  uniform  lensth, 
some  being  longer  and  some  shorter  &an 
the  average.  This  average  is  termed 
Mean  Thne,  and  a  chronometer  regulated 
to  this  average  agrees  with  the  true  solar 
day  only  at  four  points  of  the  year.  The 
accumulated  difierence  of  the  two  modes 
of  measurement  is  called  the  Equaiiom  of 
T^me. 

SIDEREAL,  is    the   time    which 

elapses  between  that  of  a  star  being  in 
the  meridian  of  a  place  to  the  moment 
when  it  arrives  at  the  meridian  again. 
This  period  is  always  the  same,  not  being 
affected  by  the  motion  of  the  earth  in 
her  orbit,  as  the  solar  day^  is.  The  side- 
real day  is  about  four  minutes  less  than 
the  mean  solar  day. 

DECLINATION.  The  declination  of  a 
celestial  body  is  its  perpendicular  distance 
from  the  equator,  measured  on  a  meridian 
or  great  circle  passing  through  (he  object 
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and  the  poles  of  the  heavens.  Such  a 
great  circle  is  called  a  Circle  of  Declinor 
nation.  Declination  on  the  celestial  globe 
eorresponds  with  latitude  on  the  terres- 
trial; and  the  Paralleli  of  DedinatioH 
are  similar  to  the  Paralleit  of  Latilude, 

DEFERENT  CIRCLE.— See  Epiegde. 

DENSITY.— See  G/ossary  I. 

DELTA.  The  mouths  of  certain  rivers  so 
called. — See  Phytical  Geography,  page  9, 
note. 

DEPARTURES.— See  iVavi^a/ion,  page  4. 

DIAMETERS,  TRANSVERSE  AND 
CONJUGATE.— See  Giotmryl.  Conic 
Seclione, 

DICHOTOMISE,  a  Greek  compound  sig* 
nifying  to  cut  in  two  equal  and  similar 
parts.— See  Quadrature*. 

DICOTYLEDONOUa— See  Cotyiedon. 

DIGIT  (Latin  digitu*,  a  finger)  is  an  old 
measure  of  a  finger's  breadth.  In  Astro- 
nomy it  is  accounted  the  twelfth  part  of 
the  diameter  of  the  sun  or  moon ;  thus  we 
say  that  the  moon  is  six  digits  eclipsed, 
when  half  of  her  face  is  covered  by  the 
earth^s  shadow. 

DIRECT  AND  INVERSE  PROPOR- 
TION, or  Ratio.    See  Gionary  II.  Ratio. 

DISC.  The  DiacuM  of  the  ancients  was  a 
circular  piece  of  wood,  stone,  or  metal, 
which  they  used  in  their  games.  In 
Astronomy  it  is  a  name  for  the  apparent 
face  of  the  sun  or  moon.  The  faces  of  the 
planets  may  also  be  termed  Diics  when 
viewed  through  the  telescope. 

DRIFT  IN  NAVIGATION  denotes  the 
angle  which  the  line  of  a  ship's  motion 
maices  with  the  nearest  meridian,  when 
she  drive*  with  her  side  to  the  wind,  and 
is  not  governed  by  the  power  of  the  helm ; 
and  idso  the  distance  which  the  ship 
drives  on  that  line  only  in  a  storm.  The 
Drifi  of  a  current  is  its  velocity  and  the 
direction  of  its  motion. 

EBB-TIDE.— See  Tide*. 

ECCENTRIC  CIRCLES.— See  Concentric 
Circle*. 

ECCENTRICITY.  Referring  to  this  word 
in  Glo**ary  II.  we  observe  an  error :  for 
"  the  distance  between,"  read  *'  half  the 
distance  between." 

ECLIPTIC.  The  position  of  this  great 
circle  in  the  heavens  is  given  tmder  the 
head  of  Equator.  The  Ecliptic,  like  all 
other  ^eat  circles,  is  supposed  to  be  di- 

*  vided  mto  degrees  and  mwutes,  and  has 
its  poles,  through  which  other  imaginary 
circles  are  drawn.  These  latter  may  be 
compared  to  the  circles  of  longitude,  or 
meridians,  on  the  terrestrial  globe ;  the 
longitude  of  a  star  being  counted  on  the 
Ecliptic,  in  degrees  and  minutes,  from  the 
first  degree  of  Aries  (which  is  the  vernal 
equinoctial  point)  in  the  same  way  as  the 
terrestrial  longitude  is  counted  upon  the 
equinoctial  line  from  the  standard  me- 


naian. 


Tlie  lowest  point  of  the  Ecliptic,  that  in 
which  the  sun  seems  to  pause  in  his  orbit 
and  begins  again  to  ascend,  is  called  the 
fVinter  Sol*tice  ;  and  the  highest  point  in 
his  career,  when  he  begins  again  to  de- 
scend, is  the  Summer  Soletice,  which  two 
Soltiice*  (Latin  <So/,  the  sun,  and  *to,  to 
stand)  make,  resjiectivelyt  in  our  latitude, 
the  shortest  and  the  longest  day.  Circles 
drawn  parallel  to  the  Equator  through 
these  points  are  termed  Tropical  Circle*, 
from  the  Greek  trope,  a  turning ;  and  the 
included  corresponding  portion  of  the 
earth,  forming  the  Torrid  Zone,  is  said  to 
lie  between  the  Tropic*.  In  the  celestial 
sphere,  the  Tropical  circle  at  the  Summer 
Solstice  is  the  Tropic  of  Cancer;  and  that 
of  the  Winter  Solstice  is  the  Tropic  of 
Capricorn :  because  (at  one  time)  termi- 
nating respectively  at  those  signs  of  the 
Zodiac.  We  say,  at  one  time,  for  these 
points,  though  they  retain  the  same  de- 
signation, continually,  though  slowly, 
change  their  situation  in  the  heavens,  on 
account  of  the  Prece**ion  of  the  Equinoxet. 
A  great  circle,  crossing  the  Equator  at 
right  angles,  and  passing  through  the 
two  Solstitial  point*,  is  called  the  Sol*tittal 
Colure;  while  another,  passing  through 
the  Equinoctial  point*,  is  the  Equinoctial 
Colure. — See  Jttronomg,  pages  17  and  62. 

ELLIPSIS.— See  Orbit,  and  Glo**arg  I. 

ELONGATION.— See  Conjunction. 

EPACT.  The  year  of  365}  days  contains 
twelve  lunations  and  nearly  eleven  davs 
more ;  so  that,  were  it  to  begin  with  the 
new  moon,  she  would  be  eleven  days  old 
on  the  first  day  of  the  succeeding  year ;  the 
next  year  she  would  be  twenty-two  days ; 
and  on  the  third  new  veer's  day  she  would 
have  passed  a  whole  lunation  and  about 
three  days  more.  The  age  of  the  moon 
(thus  varying)  on  the  mst  day  of  any 
year  is  termed  the  Epaet,  from  a  Greek 
word  signifying  adtcititiou*.  Those  Epacts 
will  form  a  varying  series  for  nineteen  years, 
when  the  new  moon  will  again  nearly 
coincide  with  the  close  of  the  year.  This 
period  of  nineteen  years  is  called  the  Me- 
tonic  Cycle,  from  Melon  its  inventor ;  and 
the  number  of  the  years  that  have  passed 
since  the  last  coincidence  (when  the  Epact 
was  nothing)  is  called  the  Golden  Number. 
— See  Calendar. 

EPICYCLE,  a  Greek  derivative  signifying  a 
Circle  upon  a  Circle.  It  was  a  prejudiced 
opinion  among  the  ancient  astronomers, 
that  the  motions  of  the  heavenly  bodies 
must  necessarily  be  in  circles :  and,  in 
order  to  make  that  doctrine  tally  with  ob- 
servation, they  invented,  in  succession,  the 
two  theories  of  Epicycle*  and  Eccentric** 
In  the  former,  called  also  the  Concentric 
Theory,  the  earth  was  supposed  to  be 
placed  in  the  centre  of  a  circle  on  the 
circumference  of  which  the  centre  of  ano- 
ther circle  revolved ;  and  on  the  circum- 
ference of  this   second  circle  (called  an 
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Eptetfcle)  the  planet  was  imagined  to 
move :  a  suppoHition  which  accounted,  in 
tome  degree,  for  the  apparent  irregulari- 
ties of  its  motion.  The  primary  circle 
was  called  the  Deferent.  In  the  Eccentric 
theory f  the  earth  was  also  placed  star 
tionary  in  the  centre  of  the  starry  sphere ; 
but  the  sun  was  carried  round  in  a  circle, 
the  centre  of  which  was  eccentric  from 
that  of  the  earth.    Thus,  says  Milton : — 

"  They  gird  the  sphere 
With  centric  and  eccentric  scribbled  o'er. 
Cycle  and  epicycle.,  orb  in  orb." 

See  on  this  subject,  History  of  A$frO' 
momy,  pages  26—31. — See  also  Concentric 
drolet, 
EPICYCLOID.— See  Cycloid.  If  a  circle 
roll  upon  the  circumference  of  another 
circle  instead  of  a  straight  line,  points 
either  on,  within,  or  without  its  circum- 
ference, if  on  the  same  plane,  will  form 
varieties  of  Epicydoidt, 

EQUATION  OF  THE  CENTRE.— See 
Orbit,  and  Radius  Vector, 

OF  TIME^See  Day. 

EQUATOR.  An  imaginary  great  circle  of 
a  sphere,  equally  distant  from  the  poles 
of  its  rotatory  motion,  is  termed,  in  Astro- 
nomy, the  Equator i  whatever  that  sphere 
may  be  :  thus  we  speak  of  the  Equator 
and  the  Equatorial  portion  of  Jupiter,  On 
terrestrial  globes  and  maps  of  the  earth  it 
is  usually  called  the  Equinoctial  XJne,  est 
siinply  the  lAne, 

On  celestial  globes  that  figure  the  con- 
cavity of  the  neavens,  the  Equator  is 
crossed  at  an  angle  of  about  twenty-three 
and  a  half  degrees,  by  another  great  circle 
called  the  Eclipticy  which  represents  the 
apparent  path  of  the  sun,  through  the 
twelve  sigiui,  in  his  annual  course.  The 
Ecliptic  crosses  the  Equator  in  two  oppo- 
site points  called  the  Equinoxes  (Latin 
equi  and  noctes),  because  it  is  only  when 
the  sun  is  in  one  or  other  of  those  points 
in  the  heavens  that  the  length  of  the  day 
is  exactly  equal  to  that  of  the  night  The 
two  Equmoxes  are  denominated,  one  the 
Femai  and  the  other  the  Autumnalf  be- 
cause they  are  crossed  by  the  sun  re- 
spectively m  the  spring  and  autumn.  The 
Equinoctial  Points,  where  the  ecliptic  thus 
intersects  the  equator,  are  not  stationary 
with  respect  to  the  fixed  stars,  but  are  re- 
gularly, though  slowly,  moving  backwards; 
and  this  retrograde  motion  is  called  the 
Prseession  of  the  Equinoxes.  For  a  parti- 
cular explanation  of  this  latter  subject,  see 
Astronomy  f  pages  36—40. 

EQUINOX.  AND  EQUINOCTIAL 
POINTS.— See  Equator, 

SVECTION  is  one  of  the  most  consider- 
able  of  the  lunar  irregularities,  and  was 
discovered  by  Ptolemy.  It  is  periodical, 
running  through  all  its  changes  in  about 
twenty-seven  days.— See  Astronomy,  page 
300,  ' 


EXTREME  AND  MEAN   RATIO. 

History  of  Astronomy  f  page  63.  A  line  is 
so  divided,  when  the  rectangle  uoder  the 
whole  line  and  the  lesser  segment  U  equal 
to  the  square  of  the  greater  segment ;  asd 
hence  the  whole  line  is  to  the  greater  sc^ 
ment  as  that  greater  segment  is  to  the 
lesser.  The  segments  of  snch  a  diTxskm, 
being  incommensurable  with  the  whole 
line,  cannot  be  exactly  given  in  numhers  ; 
but  the  geometrical  construction  is 
— See  Euclid* s  Elements,  Book  II.  piop. 


FIELDS  OF  ICE.— See  Bergs, 
FLOES.— See  Bergs, 
FLOOD-TIDB.— See  TWes. 
FOCUS.— See  Glossary  I. 
FORCE,     CENTRIFUGi 
sary  L 

CENTRIPETAL.— See  C&f«sryIL 

FORMULA.— See  Glosoary  II. 

GENUS.  In  Natural  History,  a  nmnber  of 
objects,  such  as  animals  and  plants,  are 
found  to  possess  certain  characieristiea  in 
common ;  and  such  are  classed  together, 
by  the  makers  of  systems,  under  one  head, 
or  kind,  termed  a  Genus,  The  other  fwr-. 
manent  di£ferences  between  the  individuals 
of  the  same  genus  constitute  Spedeo;  and 
the  accidental  differences  found  among 
the  species  are  termed  Varieties,  Gemts 
(kind)  is  Latin ;  and,  in  transferring  the 
word  into  English,  we  have  alao  adopited 
its  plural,  genera, 

GEOCENTRIC.  The  Greek ^e,  the  earth, 
is  the  root  of  a  numerous  class  of  well- 
known  scientific  terms,  such  as  Geography, 
Geology,  Geometry^  &c.  Geoeenirie  is 
having  the  same  centre  as  the  earth,  or 
having  the  earth  for  its  centre.  Thus  the 
moon's  orbit  is  Geocentric ;  but  the  orbits 
of  the  other  planets,  and  of  the  earth  it- 
self, are  Hetioeentrio  (Greek  kelioe,  ibe 
sun),  having  the  sun  as  their  centre  of 
motion.  The  Geocentric  place  of  a  planet 
is  the  place  in  which  it  would  appear  to 
an  eye  in  the  centre  of  the  earth.  The 
Geocentric  Latitude  of  a  planet  is  its  lati- 
tude as  leen  from  the  earth ;  or  it  is  the 
inclination  of  a  line  connecting  the  planet 
and  the  earth  to  the  plane  of  the  ecliptic 
The  Geocentric  Longitude  of  a  planet  is 
the  distance,  measured  on  the  Ecliptic,  in 
the  order  of  the  signs,  between  the  Geo- 
centric place  and  the  fint  point  of  Aries. 

GEODESICAL,  OR  GEODETICAL,  de- 
notes something  belonging  to,  or  con- 
nected with,  the  mensuration  of  the  earth's 
surface. 

GIBBOUS.  The  Latin  gibhus  is  protnbe- 
rant,  in  the  manner  of  a  Hunchback,  In 
Bnglish,  the  term  is  applied  to  designate 
that  appearance  of  the  moon  (some  days 
before  and  after  the  full)  in  which  more 
than  half  her  duK  is  enlightened ;  the 
Line  between  light  and  dark  being  curved, 
or  bulged  outwards,— -See  Phases. 
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I            GNOMON,  the  name  of  an  upright  pillar.  Ecliptic  which  rose  above  the  horixon  at  the 

from  the  shadow  of  which  tho  ancient  hour  in   question;    that  point   was    the 

I                 astronomers  determined  the  altitude  of  the  A»ccndaHt\  and  the  planet  to  which  the 

{                 sun.    By  its  means  they  also  calculated  sign  was    appropriated  was  termed   the 

^                  the  altitudes  of  the  other  heavenly  bodies.  Lijrd  of  the  Ascendant,  and  had  lis  influ- 

)                  Gnomons  of  gnreat  height,  with  meridian  ence  over  the  fate  of  the  new-bom  ohildL— r 

t                   lines  attached  to  them,  are  still  common  See  History  of  Astronomy ^  page  36. 

in  France  and  Italy.    The  style  of  a  dial  HYGR0METH:R,a6reek  compound,  signi- 
I                   is  likewise  termed  a  gnomon.  fying  a  meter  or  mci^urer  of  moisture. — 
I              GOLDEN  NUMBER.--8ee  EpacU  See  Glossary  II. 
t               GRAVITY.--See  Glossary  I.  HYPOTENUS£.~See  TriangU 
[              GREAT  CIRCLE  OF  A  SPHERE.— See  HYP0THK8IS.--See  Glossary  11.  Uduc 
Circle,  tion, 
GREGORIAN    CALENDAR.— See    Ca- 
lendar, INCIDENCE  AND  REFRACTION  OF 
GULF.    A   Gulf  OT  Gulphf  is  a  portion  of  LIGHT,  Laws  of.— See  Glossary  I.  Be- 
the  ocean  running  up  into  the  land  be-  fractive  Power. 
tween  two  promontories,  and  spreading  out  INTERCALATION. — See  Calendar, 
into  a  capacious  i^ay.     A  Bay  (^ Bow)  is  INVERSE    RATIO.— See     Glossary    II. 
a  projection  uf  the  ocean  into  the  land,  but  Ratio, 

is  not  necessarily  a  Guiph^  which  includes  ISOTHERMAL  (Greek  mm,  equal,and  ther- 

the  idea  of  a  sort  of  abyss  where  the  wa«  mos,  warm)  having  the  same  heat  or  tem- 

ters  are  engulpked,  or  swallowed  up.  perature.    For  the  hot hermal  lines,  or  lines 

on  the  globe  that  pass  through  places  of 

HEADLAND.       Any   projection    of  the  equal    temperature,    see   Physical    Geo* 

land   into  the   sea,   may  be   termed    a  graphy,  page  37. 
Headland  \    but  a   Cape  is  a  Headland 

which  has  been  distinguished  from  others  JULIAN  CALENDAR. — See  Calendar, 
by  a  particular  designation :  thus  the  Cape 

of  Good  Hope  (called  by  way  of  eminence  KNOTS,— -See  Log^line, 
the  Cape)  and  Cape  Horn  are  in  fact  Head- 

lands,    A  Promontory  is  also  a  Headland ;  LAGUNES,   extensive  sheets  of  shallow 

but  agreeing  with    its  Latin   derivation  water,  particularly  described  at  pa^  13  of 

{promontorium)  it  has  the  name  of  Pro-  Physical  Geography, 

montory  only  when  the  projecting  head  of  LAKES.    For  a  clear  account  of  the  four 

land  is  a  high  point  or  a  rock.  classes  of  Lakes,  see  Physical  Geography, 

HEUACAL    and    UELIACALLY  (see  page  9. 

Acronycal)  are  formed  from   the  Greek  LARBOARD.    When  standing  at  the  stern 

helios,  the  sun.    Helix,  a  spiral,  has  the  of  a  ship  and  looking  towards  the  prow, 

adjective  and  adverb, //cAW and  ^«/ira//y.  the  left-hand  side  is  termed  the  larboard 

HELIOCENTRIC  expresses  the  same  rela-  and  the  right  hand  side  the  starboard. 

tiou  to  tlie  sun  I  that  Geocentric  (which  see)  LATITUDE,  on  the  earth,  is  the  expression 

does  to  the  earth.    Thus  the  Heliocentric  of  the  distance  of  a  place  from  the  Equa- 

place  of  a  planet  is  the  point  of  the  ecliptic  tor,  measured  in  degrees  and  minutes  of  a 

m  which  tnat  planet,  viewed  from  the  sun,  great  circle.    See  Deolinatton. 

would  appear  to  be,  and  therefore  coin-  LATITUDE,  GEOCENTRIC^— See   Geo- 

tides  with  its  Longitude  as  seen  from  the  centric, 

sun's  centre.    The   Heliocentric  Latitude   HELIOCENTRIC.    See  He- 

of  a  planet  is  the  inclination  of  a  line,  lioeentrie, 

drawn  between  the  centres  of  the  sun  and  LAW  OF  THE  SINES.— See  Glottary  I. 

Slanet,  to  the  plane  of  the  Ecliptic.  Refractive  Power, 

MOCENTRIC    (Greek  homos,   alike,)  LEAP-YEAR.— See  Calendar. 

is  equivalent  to  CbfUMi/nc,  which  «ee.  LEEWARD.    IN    NAVIGATION,    the 

UOKlZOii,  raiumal  and  sensible.  See  G/o#-  lee-side  of  a  ship  is    that  half  of  a  ship 

§ary  II.  (divided  lengthways)  which  is  opposite 

HOROSCOPE,  a  Greek  compound,  de-  to  that  on  which  the  wind  blows  when  it 
noting  a  view  of  the  hour,  was  the  name,  crosses  her  course,  and  which  is  called 
given  by  the  astrologers,  to  a  scheme,  or  the  weather^de.  All  objects  on  the  /re- 
figure,  of  the  twelve  signs  of  the  sodiac  at  side  are  said  to  be  to  the  leeward,  and  those 
any  particular  hour;  generally  that  in  on  the  weather'Side  to  (he  windward  ofih^ 
which  a  man  was  bom,  by  which  it  was  vessel. 

pretended  to  predict  his  fortune  through  LEEWAY  is  the  angle  made  by  the  line  on 

life.    The  signs  were  called  Houses,  as  which  the  ship  should  run,  according  to 

being  the  monthly  abodes  of  the  sun,  and,  the  point  of  the  compass  steered  upon,  and 

besides,  every  house  was  appropriated  to  the  real  line  of  the  ship's  way  occasioned 

some  planet,  every  planet  having  two.  In  by  contrary  winds,  rough  sea,  or  the  set 

a  more  particular  application  the  Horo-  of  a  current. 

ecope  denoted  the  point  and  eign  of  the  LEGUMINOUS,  a  general  denomination 


8 


EXPLANATION  OF  SGIENTIFtC  TERMS. 


for  thoee  plants  that  \)eai  Leptmet^  or 
pods,  such  as  peas  and  beans ;  the  com- 
mon English  term  is  ptf/«e.  They  consti- 
tute an  order  in  the  botanical  system  of 
Jussieu. 

LEV£L.~See  Oiouary  I. 

LIBRATION  OF  THE  MOON.  Though 
the  moon  always  presents  nearly  the  same 
face  to  the  earth,  yet  we  sometimes  see 
more  of  the  eastern  hemisphere,  and  at 
other  times,  more  of  the  western.  The 
same  variation  is  occasionally  observable 
in  the  northern  and  southern  hemispheres, 
and  thb  oscillation  is  called  her  Libration« 
See  Attronomy,  pages  83  and  84. 

LIGHT.— See  Gio$$ary  I. 

LIMB,  with  Astronomers,  designates  the 
curved  edge  of  a  circle,  such  as  the  di- 
vided iimb  of  a  quadrant,  and  the  outer- 
most border  of  the  sun  or  moon.  In  their 
observations,  for  example,  they  speak  of  the 
moom^i  lower  or  upper  iimbf  and  even  of 
her  eastern  or  western /rmA ;  and  especially 
in  the  case  of  an  eclipse,  when  a  portion  of 
her  disc  is  obscured. 

LINE  OF  THE  NODES.    See  Orlni, 

LOG^LINE.  The  Log,  in  sea-language,  is 
the  name  of  a  piece  of  wood  in  the  form  of 
the  sector  (usually  a  quadrant)  of  a 
circle  of  five  or  six  inches  radius.  It 
is  about  a  quarter  of  an  inch  thick,  and  so 
balanced  by  means  of  a  plate  of  lead 
nailed  upon  the  circular  part,  as  to 
swim  perpendicularly  in  the  water  with 
about  two-thirds  immersed  under  the  sur- 
face. The  Loff-Une  is  a  small  cord  of 
about  one  hnndred  fathoms  in  length,  one 
end  of  which  is  fastened  (by  means  of  two 
legs)  to  the  centre  and  to  the  arched  part 
of  the  Log,  while  the  other  is  wound 
round  a  reel  in  the  gallerv  of  the  ship. 
The  Loe  thus  poised  keeps  its  place  in  the 
water  while  the  line  is  unwound  from  the 
reel  by  the  ship's  sailing;  and  the  length 
of  line  unwound  in  a  given  time  gives  the 
rate  of  the  ship's  course.  This  ia  calcu- 
lated by  Anoit  made  on  the  line  at  between 
forty  and  fifty  feet  distance,  while  the  time 
is  measured  by  a  sand-glass  of  a  certain 
number  of  seconds.  The  length  between 
the  knots  is  so  proportioned  to  the  time  of 
the  glass,  that  the  number  of  knots  un- 
wound shows  the  number  of  miles  which 
the  ship  is  sailing  in  the  hour. 

LONGITUDE.  The  Longitude  of  any 
heavenly  body  is  measured  on  an  arc  of 
the  ecliptic,  intercepted  between  the  vernal 
equinoctial  point  and  a  great  circle  passing 
through  the  body,  and  perpendicular  to 
the  ecliptic.  Longitude  on  the  earth  is 
measured  in  a  similar  manner  upon  an 
arc  of  the  equator,  and  counted  to  the  east 
or  west,  from  a  certain  meridian. — See 
Equinox. 

LONGITUDE,  GEOCENTRIC.  —  See 
Geocentric. 

LOXODROMIC   CURVE.— See   Rhumb- 


MAGNETIC   AZIMIJTH.^-Se6  Ghmarj 

II.  Horizon  and  Mariner**  Compae*, 

MERIDIAN^-^See  Giomiry 

II.  Horizon  and  Jl/fmriner^e  Campan. 

MAMMALIA,  in  the  LiniisBaa  System,  the 
denomination  of  that  class  of  animab 
which  suckle  their  young.  See  Pkgtieal 
Geography,  page  53. 

MAMMIFEROUS  ANIMALS.  Such  u 
have  teats  (Latin  tmanmue)  for  nourishiBg 
their  young. — See  Physical  Geographf, 
pa^e  53. 

MARINER'S  COMPASS.— See  Ghnary 
II.;  also  Navigation,  pages  15  and  16. 

MARSUPIAL,  (Greek  mamtpae,  a  purse) 
the  designation  g^ven  bj  natunlists  to  & 
tribe  of  the  class  mammuUia,  of  which  the 
mammee  and  younj^  of  most  of  the  spedes 
are,  for  a  time,  inclosed  within  an  external 
pouch,  or  second  womb,  the  pouch  beio)^ 
supported  by  two  fnarmpial  banet. — See 
Phg9ical  Geography,  page  54. 

MEAN  DAY.— See  Day. 

MEAN  MOTION.— See  JHaiion, 

MEAN  TIME.— See  Day. 

MERCATOR'S  CHART.— See  Chart. 

MERIDIAN  LINK— See  G/itnary  II.  R«- 
rizon  and  Astronomy,  pages  4  and  16. 

METONIC  CYCLE.-See  Epaet. 

MOLLUSCA,  the  name  of  one  of  the  orden 
of  the  Linnsean  Class  of  Fiermes,  or  wonns. 
They  are  simple  animals,  furnished  uixh 
limbs  ;  some  are  naked  and  others  tesit' 
eeous,  that  is,  covered  with  shells.  They 
are  chiefly  inhabitants  of  the  sea. 

310MENTUM.— See  Gtomary  If.    A  dif- 

ferent  view  of  the  Momentum,  or  impetoi, 

of  a  moving  body  is  taken  when  the  mch 

tion  is  supposed  to  be  accelenUed.    See 

^WroMomy,  page  12. 
MONOCOtYLEDONOUS.-SeeC9/yW«i. 

MONSOONS  are  periodical  winds  m  the 
East  Indies,  blowing  constantly  the  same 
way  during  six  months  of  the  yev,  and 
the  contrary  way  diving  the  remwwng 
six.  They  are  a  species  of  Trarff «»"«» 
which,  in  some  quarters,  blow  cont>tantly 
in  one  direction  throughout  the  whole 
year.  For  the  causes  of  this  difference, 
see  Pbytical  Geography,  page  31. 

MONTH.— See  Calendar. 

MOTION.  For  a  general  definition,  see 
G/otsary  II.  Mean  motion  is  understood 
to  be  a  calculated  average  of  a  seriei  of 
known  variable  motions. — See  Jeeeteratim 
and  Attronomy,  page  31. 

NADIR.  The  Zemth  and  the  Nadir  (two 
Arabic  words)  are  scientific  name*  i« 
two  opposite  points  of  direction  in  sp"*** 
They  are  the  poles  of  an  interminably 
extended  straight  line,  passing  upright  or 
downright,  fiom  the  feet  to  the  besd,  or 
from  the  head  to  the  feet,  of  the  penoa 
whose  zenith  and  nadir  they  are:  the 
former  ending  in  a  point  of  the  sky  shj^r^pf 
and  the  latter  (through  the  centre  of  ihe 
earth)  in  a  point  of  the  sky  below.    The 
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lenith  of  one  place  is  the  nadir  of  its  anti- 
podes. 

NAUTICAL  DISTANCE.— See  Naviffa- 
tioHf  page  4. 

NEAP-TIDES.— See  T^dei. 

NODES.-— See  Orbit, 

NONIUS.— See   Giostaryl. 

NORMAL,  from  the  Latin  Norma,  a  square, 
or  rule,  signifies  literally  a  perp<>ndicular ; 
hut  it  is  generally  used  to  denote  the  per- 
pendicular to  a  curve  at  some  particular 
point,  at  which  point  the  uonnal  is  also 
perpendieidar  to  a  tangent. 

NUCLEUS  is  literally  the  kernel  of  a  nut 
(Latin  Nvx)\  hut  is  used  hy  astrono- 
mers to  designate  the  apparently  solid 
part  or  Body  of  a  comet,  as  seen  throueh 
the  hasy  atmosphere  which  surrounds  it. 
It  is  sometimes  also  called  the  Head,  in 
contradistinction  to  its  train  or  Tail. 

NUTATION  is  a  sort  of  tremulous  motion 
of  the  axis  of  the  earth,  whexeby  its  in- 
clination to  the  plane  of  the  ecliptic  is  not 
always  the  same,  but  varies  backwards 
and  forwards  some  seconds.  The  period , 
or  cycle,  iu  which  all  these  variations  are 
completed,  is  nine  years.— See  Aatrtmomtf, 
pages  62, 63,  and  158. 

OBLATE  AND  OBLONO  SPHEROIDS. 
— See  Glouary  I.  Obhng  Spheroids  are 
also  termed  Prolate  Spheroid*. 

OBLIQUE  CONE.— See  OloitaryV  Cone. 

OCCULTATION  is  when  a  fixed  star  or 
planet  is  hid  from  our  sight,  by  the  inter- 
position of  the  moon,  or  some  other  planet 
— See  Transit, 

OCTANT.— See  Quadrant. 

OPPOSITION  OF  THE  PLANETS.— See 
Conjnnction, 

ORBIT.  The  Latin  Orbis  is  a  circle,  as  also 
a  globe ;  and  hence  the  paths  of  the  pla- 
nets round  the  sun  are  termed  Orbitt,  and 
the  planets  themselves  Orb*,  though  the 
former  are  now  understood  to  be  elliptical, 
and  the  latter  spheroids. 

The  planets,  though  subjected  to  many 
disturbances,  move  round  the  sun  in  tracks 
that  are  calculated  as  ellipses,  having  the 
sun  in  one  of  their  foci.  The  path  oi  the 
sun  apparently,  but  of  the  earth  in  reality, 
when  traced  in  space,  is  the  Ecliptic,  It 
is  the  earth's  orbit ;  and  a  plane,  sup- 
posed to  pass  through  this  course,  and 
to  be  extended  indefinitely,  is  the  Plane  of 
the  Ectiptic,  In  a  similar  way  we  may 
suppose  planes  to  pass  through  the  orbits 
of  the  other  planets.  All  these  planes  will 
pass  through  the  sun's  centre  ;  but  all  of 
them  will  cut  the  plane  of  the  ecliptic, 
though  at  different  angles,  which  are  re- 
spectively called  the  Inclination  of  the 
Orbiti.  The  two  points  in  which  the  orbit 
of  a  planet  cuts  the  plane  of  the  ecliptic 
are  the  Nudes  of  that  planet  In  its  revo- 
lution, the  point  in  which  the  planet  rises 
to  the  north  of  the  ecliptic  is  the  Aseendtng 
Node,  and  the  other  is  the  Deseemting 


Node,  A  straight  line>  uniting  the  two,  is 
the  Line  of  the  Nodes,]  which  passes 
through  the  centre  of  the  sun. 

In  the  same  manner  the  secondary  pla- 
nets, or  Satellites,  move  around  their  Pri' 
marieSf  which  are  also  planets  placed  in 
one  of  the  foci  of  those  secondary  elliptic 
orbits.  The  average  inclination  of  the 
moon's  orbit  (for  it  is  variable)  is  about 
five  degrees ;  it  is  only  when  she  is  in  one 
of  her  nodes  that  an  eclipse  can  take  place, 
and  it  is  hence  that  the  ecliptic  has  its 
name. 

Either  of  the  two  points  of  a  planetary 
orbit,  which  is  at  the  greatest  or  at  the 
least  distance  from  the  centre  of  motion,  is 
called  an  Apsis,  a  Greek  word,  signifying 
the  curved  link  of  a  chain.  The  two 
points,  when  spoken  of  together,  are  termed 
the  Apsides  ;  and  the  diameter  whichjoins 
them  is  the  Lime  of  the  Apsides.  These 
names  occasionally  coincide  with  other 
terms.  In  the  orbit  of  the  earth  (or  of 
any  primar}' planet)  which  has  the  sun  ns 
its  centre  of  motion,  its  Aphelion  is  the 
same  as  its  Higher  Apsis^  and  its  perihe- 
lion is  the  Lnoer  Apsis  ;  while  in  the  moon's 
orbit,  the  Higher  Apsis  is  equivalent  to  the 

'  Apogee,  and  the  Lower  Apsis  to  the  perigee. 
—See  those  several  Articles. 

OVALS.— See  Glossary  II.  for  a  general 
definition;  but  we  may  add,  that  ovals 
similar  to  the  Cartesian  kind  may  be 
formed  in  unlimited  variety  ;  for  example, 
that  which  Cassini  imagined  for  the 
planetary  orbits  supposes  two  foci,  as  in 
the  ellipse,  but  that  the  two  lines  drawn 
from  them  to  any  point  in  the  curve,  in- 
stead of  their  sum,  shall  have  their  pro- 
ducts always  equal. — See  Ellens. 

OVIPAROUS  (Latin  ovum,  an  e^,  is  a 
term  applied  to  such  animals  as  produce 
their  young  from  eggs,  in  opposition  to 
Viviparous  ^m'lna/i  which  bring  forth  their 
young  alive. — See  Physical  Geography, 
page  53,  bottom  of  column  2. 

PACHYDERMATOUS  (from  the  Greek 
pachos,  thick,  and  derma^  skin). — See 
Physical  Geography,  page  55.  Cuvier  has 
formed  a  separate  order,  containing  nine 
genera  of  Pachydermata,  or  thick-skinned 
quadrupeds. 

PARABOLA.— See  Glo$sary  I.  Come  Seis 
tions, 

PARALLAX  is  an  arc  of  the  heavens  inter- 
cepted between  the  true  place  of  a  star 
and  its  apparent  place.  Thus,  suppose 
the  true  place  of  a  star  to  be  that  point  in 
which  it  would  appear  to  an  eye  placed  in 
the  centre  of  the  earth,  an  eye  placed  at 
the  surface,  which  is  a  semi-diameter 
distant  from  the  centre,  would  see  it  in  a 
different  point ;  and  the  arc  between  these 
is  the  measure  of  the  parallax. 

This  parallax  is  greatest  in  the  horinm, 
and  diminishes  as  the  altitude  increases ; 
for  in  the  senith  a  star  has  no  parallax  at 
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all|  the  linatof  obierration  from  the  centre 
and  from  the  surface  of  the  earth  coin- 
ciding. The  fixed  start  have  no  parallax. 
Thii  may  be  easily  accounted  for  from 
their  immense  distance  compared  with  the 
semi-diameter  of  the  earth ,  but  even 
when  seen  at  opposite  points  of  the  earth^s 
orbit,  where  what  is  called  the  Amwai 
Parallas  might  have  been  expected,  none 
has  been  satisfactorily  observed.  For  fur- 
ther particulars  on  this  subject,  see  Miro- 
fwmy^  pages  54— 6 1,  and  146. 

PARALLELOGRAM.— See  Glontm  II. 

PARALLELS  OF  DECLINATION  AND 
OF  LATITUDE.— See  DecHnatiun  and 
Latitude, 

PENUMBRA.— See  Olouaru  11. 

PERIGEE.— See  Giouary  II,  and  jiHro- 
nomy^  page  19. 

PEIilHELION.— See  Giouary  II.  and  Am- 
tronomy,  page  127. 

PERPENDICULAR.  — See  NomuU,  and 
Glo9tary  I.  Anglt. 

PHANEROGAMOUS.— See  Cryptoffomout, 

PHASES  (Greek  phmno,  to  shine).  A  term 
denoting  the  several  appearances,  or  shapes, 
of  the  illumination  of  certain  heavenly 
bodies,  luch  as  tlie  mouu,  Veniw,  Mercury, 
&c.  Of  these  the  lunar  phases  (except 
perhaps  Saturn,  on  account  of  his  ring) 
are  the  most  varied.  She  appears  oircuiar 
when  full,  gibbout  a  few  duys  before  and 
after  the  full,  a  temieircle  at  the  quadra- 
tures, and  homed  at  a  few  days  before  and 
after  the  new  moon.  1  u  the  latter  situatiun, 
when  visible,  the  tips  or  honu  of  her 
Crescent  (which  are  at  the  extremities  of 
her  diameter)  are  termed  CuMp»,  from  the 
Latin  Ciupit,  a  point.  CretceiU  (Latin 
cretcare)  is  growing,  and  the  Crescent  Moon 
is,  literally,  the  Growing  Moony  when  she 
appears  like  a  bow ;  but  the  same  appear- 
ance is  exhibited  before  her  change,  when 
she  is  said  to  be  waning.  Tot  a  represen- 
tation of  those  several  phases,  see  Attro' 
nomjff  page  72, 

PHYSICS.— See  Glotuarg  II. 

PLANE  CHART.— See  Chart. 

PLANET  (Greek p/aneteSf  wandering)  is  a 
name  given  to  those  heavenly  bodies  which 
change  their  position  with  respect  to  the 
fixed  stars,  and  are  fouud  to  revolve  round 
the  sun  as  a  centre.  These  are  properly 
termed  Primary  Planeti  ;  for  other  wan- 
dering stars  ciiciilate  about  these  pri- 
marieii,  and  are  therefore  called  Secondary 
PhnetSy  or  Sateiiitet, 

PLANETS,  IN  FERIOR  and  SUPERIOR. 
—See  Conjunction  of  the  Sun  and  Ptanets, 

PLANETARY  MOTIONS— For  an  illus- 
tration of  the  law  by  which  they  are  said 
to  describe  equal  areas  in  eqiuil  times,  see 
Padiu$  Fector, 

PLUVIOMETER.— See  Bain^gag0. 

POLES,  NORTH  AND  SOUTH.— See 
Arctic, 

PRECESSION  OF  THE  EQUINOXES. 
— ^e  Equator, 


PEKHENSILE.  (Latin  prtkemAt,  to  awe) 
an  epithet  given  by  naturalists  to  cert«iB 
animals  which  are  capable  of  grmapii^g 
with  their  tails  as  with  a  claw. 

PRIME  VERTICAL.— See  f^r/iao/  Cireiet. 

PROLATE  SPHEROID.     The    Mune   as 

.    Oblong  Spheroid^  which  see  in  GSonmry  I. 

PROMONTORY.— See  Headland. 

PROPORTION.— See  Glo$»mry  I. 

QUADRANT.  A  quadrant  ia  Oeometry  is 
merely  the  quarter  of  a  circle,  and  aa  such 
is  noticed  in  Glossary  I.  under  the  head 
Angle.  The  term  is  also  applied  to  aa 
instrument  for  measuring  angles,  vhidh  ib 
a  quarter  circle  of  wood  or  metal,  ha.Ting  i^s 
circular  part,  or  limb,  divided  into  90  parts, 
or  degrees,  and  these  again  subdivided  iais 
minutes,  &c,  by  means  of  a  Noniasa  at  a 
fernier,  Hadley's  quadrant  is  properly  an 
Ociant^  or  eighth  part  of  a  circle,  in  vhicb 
the  angles  are  taken  by  means  of  the  le- 
flexiun  of  light,  and  when  the  limb  is  riL- 
tendedto  60  degrees  (the  aixth  of  a.  circle) 
the  instrument  is  called  a  Sextant.  Tbese 
are  severally  described  in  the  Socxct)''s 
treatise  on  Optical  Instrumenta, 

QUADRATURES.— See  Orbit.  Whenthe 
moon  is  in  either  of  the  middle  points  of 
her  orbit,  between  her  conjunction  aad 
opposition  (lines  from  the  earth  to  the 
moon  and  to  the  sun,  including  a  quad- 
rant, or  90  degrees),  she  is  said  to  be  ia 
her  quadrature.  Her  face  ia  then  half 
shown;** it  is  bisected,  or  didUiomuzed. 
The   places  of  her  orbit,  where  aba  is 

I  either  in  conjunction  or  opposition,  are  her 
syzygies,  a  Greek  compound  signifying  < 
junction^'^See  Conjunction, 

RADIUS.— See  Gi^sery  h  Angle. 

RADIUS  OF  CURVATURE.  In 
of  the  concavity  of  other  curves  than  the 
circle,  the  radius  of  curvature  at  a  given 
poiut  is  the  radius  of  a  circle  that  has  the 
hame  curvature  as  the  curve  baa  st  that 
point.  It  is  the  varying  length  of  the 
thread  B  D,  when  forming  the  invbhite 
A  D  E,  {Fig,  9)  Glossary  I.  See  Aitides 
CurveSf  Evolu/es,  and  Involutes* 

RADIUS  VECTOR.  The  radius  vector  is 
a  right  line  drawn  from  the  centre  of  force 
(in  ttuy  curve,  on  which  a  body  ia  supposed 
to  move  by  centripetal  force)  to  that  peiat 
of  the  curve  where  the  body  is  suppoeed  to 
be.  It  is  a  general  radius  to  the  cuive, 
l^and  has  the  addition  of  Fedar  (latia,  a 
canier)  because  it  is  imagined  to  cany 
forward  the  body  to  which  it  ia  attached. 
The  earth,  for  example,  moves  in  an  el- 
liptic orbit,  of  which  the  sun  (the  centre 
of  force)  is  in  one  of  the  foci }  and,  of  con- 
sequence, the  radius  vector  is  continually 
increasing  in  length  during  her  course 
from  the  perihelion  to  the  apbeliony  and 
decreasing  in  the  same  proportion  in  the 
pr«>gre8s  of  her  return. 
Let  the  ellipses  AMNBOP  iepn> 
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s^nt  the  earth's  orlnt ;  of  which  the  aphe- 
lion is  at  A,  the  perihelion  at  B,  and  Bun*s 
centre  at  S :  A  B  being  the  line  of  the  Ap- 
sides and  S  G  the  eccentricity  of  the  orbit. 

N 


When  the  earth  is  in  the  aphelion^  at 
A,  the  radius  vector  is  at  its  maximum^ 
and  equal  to  A  S ;  hut,  in  moving  fron^ 
A  to  B,  in  the  curve  A  M  N  B,  it  is  re^- 
larly  shortened  until  it  reaches  its  minimum 
B  S.  The  law  of  the  planetary  naotions, 
a^  guMted  by  Kepler  and  demaimtrated  by 
Newton,  is  that  the  radius  vector  passes 
over  equal  areas  of  the  orbit  in  equal 
times ;  and,  if  we  suppose  the  revolution 
to  be  completed  in  twelve  months,  the 
semi-ellipse  A  M  N  B  being  divided  into 
three  equal  triangular  areas,  ASM, 
M  S  Nj  and  N  S  B,  by  the  radius  vector 
at  M  S  and  N  S,  will  mark  three  portions 
(A  M,  M  N,  and  N  B)  of  the  elliptic 
curve,  each  corresponding  to  two  months 
of  the  time  of  the  revolution.  These 
curvilineal  bases  of  the  three  equal  tri- 
angles are,  obviouslyt  themselves  of  very 
uneqiul  lengths,  owing  io  the  varying 
lengths  of  the  other  sides;  but,  by  the 
law  of  motion  just  mentioned,  they  must 
each,  nevertheless,  be  run  over  by  the 
earth  in  the  same  period  of  time ;  and, 
consequently,  the  motion  must  be  con- 
tinually accelerated  as  she  approaches 
her  perigee  at  B.  In  the  progress  of  her 
return  to  A,  through  the  other  half  of  her 
orbit,  B  O  P  A,  the  velocity  of  her  motion 
will  be  continually  diminished  in  a  corre- 
sponding proportion. 

The  angle  ASM  formed  at  the  sun  by 
the  line  of  the  apsides  and  the  radius 
vector,  at  any  point  of  the  orbit,  is  termed 
the  Anomaltf,  It  increases  irregularly 
through  the  whole  of  that  semi-ellipsis 
(decreasing  in  its  opposite;  as  compared 
with  time.  A  calculated  medium  angular 
increase  gives  the  Mtan  Anomaly  i  and 
the  difierence  between  the  True  Anomaly 
and  the  Mean  Anomaiy  is  the  Equation  oj 
ikeCenire. — SeeAMtronomjf,  pp.  3^  and  124. 
RAIN-GAGE,  an  instrument  for  ascertain- 
ing the  comparative  quantity  of  rain  which 
falls  in  different  places,  and  in  diffitrent 
seasons.  Rain-gages,  of  a  simple  con- 
struction, are  common  throughout  Europe, 
and  are  sometimes  called  P/uviomeieri) 
from  the  Latin  fluwif  rain. 


RATIO.— See  Qlottary  II. 

,  EXTREME  AND  MEAN.— See 

Extreme  and  Mean  Ratio, 

RAY  OF  LIGHT.— See  Ghuttry  I. 

REFLEXION  OF  LIGHT.— See  Gtot- 
ittiy  I. 

REFRACTION.— See  Giouary  I.,  and  At- 
tronomtft  pages  46 — 54. 

RHUMBS  aro  the  thirty-two  points  of  the 
horizon,  as  marked  on  the  circle  of  the 
marinei^s  compass  j  and  serve  to  calculate 
the  angle  which  a  ship's  course  makes 
with  the  magnetic  meridian. — See  Navi' 
pationi  pages  15  and  16. 

RHUMB-LINE  is  a  line  prolonged  from 
any  point  of  the  compass  (in  a  nautical 
chart),  except  the  four  Cardinal  points. 
It  cuts  all  the  meridians  under  the  same 
angle ;  and  when  delineated  on  the  globe, 
it  forms  a  curve  termed  the  Loxo<iromic 
Curves-See  Navigation,  P*g«  ^9« 

RIGHT  ANGL£.--SeeO/oMoryI.i^ii(7/«. 

RIGHT  ASCENSION  OF  THE  SUN 
OR  STAR,  is  that  degree  and  minute  of 
the  equinoctial,  counted  from  the  vernal 
equinox  (the  first  degree  of  Aries'),  which 
comes  to  the  meridian  with  the  sun,  star, 
or  other  point  of  the  heavens,  Whose  right 
ascension  is  required. — See  Attronomg^ 
page  16. 

SATELLITES,  secondary  planets  which 
circidate  round  some  pnmary  one,  as  the 
moon  does  about  the  earth. — See  Pianei: 

SECANT.— See  Glouary  I.  Angie. 

SECONDARY  CIRCLES,  are  such  as  are 
in  planes  that  are  perpendicular  to  those 
circles  of  which  they  are  the  secondaries. 

SEXTANT.— See  Quadratit, 

SIDEREAL  DAY.— See  Day. 

YEAR.— See  Year. 

SINE  AND  VERSED  SINE.— See  G/bt- 
»ary  I.  Angle, 

SINES,  LAW  OF  THE.— See  Glouary  I. 
Refractive  Power. 

SOLAR  DAY.— See  Day. 

YEAR.— See  Year. 

SOLSTICE.— See  Ecliptic. 

SOLSTITIAL  COLURE.— See  Eclifitic, 

SOTHIAC  PERIOD-— See  Canicular  Pe- 
riod. 

SPECIES.— See  Genua. 

SPHERE,  SPHERICAL,  AND  SPHE- 
ROID.—See  Glouary  I. 

SPRING-TIDES.— See  Tidea. 

STARBOARD.— See  Larboard. 

STYLE,  NEW  AND  OLD.— See  Ca/cudar 
and  HtMtory  of  Attronomyf  pages  47  and  48. 

SUBTEND.— See  Triangle. 

SUPPLEMENT  OF  AN  ANGLE,  OR 
ARC,  is  what  it  wants  of  a  semicircle,  or 
180  degrees. — See  Glotmry  I.  Angle. 

SYNODIC  MONTH,  a  complete  Lunation, 
or  the  period  from  one  conjunction  of  the 
«<oon  with  the  sun  to  another,  being  29 
days,  12  hours,  and  44  minutes.  TThe 
Greek  synodua  is  a  meeting  or  convention. 

bVZYGYi— Sm  Quadraiurt, 


12 


EXPLANATION  OF  SCIENTIFIC  TERMS. 


TABLE-LANDS,  the  name  ffivento  extent 
give  plains  highly  elevated  amid  moun- 
tains. 

TANGENT  AND  TANGENTIAL 
PLANE.— See  Giutary  I.  Tangeni, 

TEMPERATURE.— See  CUonary  I.  and 
Phffncal  Geography,  page  3^. 

TESTACEOUS,  covered  with  a  shell.  For 
the  distinction  of  this  term  from  Crvatth 
eeotUf  see  PhyticeU  Geography,  page  49. 

THERMOMETER.— See  Qloiwary  I 

TIDES.  The  rising  and  falling  of  the 
waters  of  the  ocean,  which  occur  twice 
in  twenty-four  hours,  throughout  all  parts 
of  the  earth,  are  called  the  Tidet.  It  is 
an  alternate  rise  and  fall,  a^i/x  and  a 
reJUtx,  9l  flout  and  an  ehh  of  the  water  in 
respect  to  the  land :  the  rise  heing  called 
the  Flood-tide,  and  the  fall  the  Ehh4idt, 
When  the^uor  is  at  its  height,  and  about 
to  recede  at  any  particular  place,  it  is 
there  Highwater  ;  and  when  at  its  lowest, 
and  about  to  rise,  it  is  Low-water,  The 
cause  of  the  tides,  as  explained  in  Attro' 
nomy,  from  page  23  to  ij,  being  the  at- 
traction of  the  sun  and  moon  (chiefly  the 
latter),  the  situations  of  those  luminaries, 
with  respect  to  one  another,  have  an  effect 
on  the  height  of  those  swells  of  the  waters. 
When  the  moon  is  in  cotiftmction,  or  in 
opposition,  the  powers  cf  both  bodies  being 
united,  the  tides  are  highest,  and  called 
Spring-iidet;  but  when  the  moon  is  in  her 
quadratures,  they  are  lowest,  and  called 
Neap-tide*. 

TRADE-WINDS.— See  Montoom. 

TRANSIT  (Latin  tramive,  to  psss  over)  in 
Astronomy,  is  the  passage  of  one  heavenly 
body  over  the  disc  of  a  larger  one.  When 
the  nearer  body  has  a  greater  apparent 
diameter,  so  as  to  hide  the  other,  the  pas- 
sage is  termed  an  Occultation  of  the  latter. 
— See  Occultation, 

TRANSLUCENT  and  TRANSPARENT. 
See  Glouary  II. 

TRAVERSE.  Traver9e-9aitinq,  or  the  work- 
ing of  a  traverse,  is  the  method  of  calcu- 
lating a  ship's  place  after  she  has  made 
two  or  more  short  courses  on  different 
points  of  the  compass. 

TRIANGLE.  A  surface  contained  under 
three  lines,  has  necessarily  three  corners, 
or  angles ;  and  is,  therefore,  called  a  7Vi- 
angle.  When  these  lines  arc  straight, 
the  figure  being  on  a  plane,  is  called  a 
Pktne  Triangle;  but  when  they  are  cir^ 
cular,  lying  on  the  surface  of  a  globe,  it  is 
termed  a  Spherical  Triangle,  Each  of  the 
sideff,  in  either  case,  is  opposite  to  an 
angle,  and  is  said  to  tubtend  that  angle  to 
which  it  is  opposed.  When  one  of  the 
angles  is  a  Right  Angle,  the  side  which 
subtends  it  is  necessarily  the  longest  of 
the  three,  and  is  called  the  Hypotemue, 
from  a  Greek  verb,  signifying  to  ni6- 
tend.  The  science  of  triangles  is  TWyo- 
notnetry, 

TROCHOID.    The  TVochmd  and  the  Cy- 


cloid  vn  similar  curves,  as  oorreflpondiiig 
with  the  derivations  of  their  names :  the 
one  being  from  the  Greek  trochoo^  a  wheel, 
and  the  other  from  eydoe,  a  circle.  The 
cycloid  is  described  in  Giossaxy  I.,  and 
the  following  maj  be  considered  as  a  sup- 
plement to  that  description. 


The  cycloid  aaaaa  is  formed  by  the 
point  a,  while  the  drde  is  rolline  along 
the  base  line  aba;  but  if,  instead  of  the 
tracing  point  being  at  the  extremity  of 
the  diameter,  it  were  taken  withui  the  cir- 
cle, as  Bid,  it  would  then  describe  the 
dotted  curve  line  dd  d,  which  is  called  a 
Trochoid.  The  right  line  de  d  joinin|^ 
the  ends  of  the  curve  is  ike  base  of  the 
TVochoid:  it  is  parallel  to  the  path  of  the 
rolling  circle,  and  equal  in  length  to  itsi 
circumference.  The  perpendicular  d  e, 
from  the  vertex  d  to  the  base,  is  the  Arit, 
It  divides  the Trochidal  Space  dd  d  e  into 
two  equal  portions ;  and  the  axis  itself  is 
bisected  by  the  right  line  eec,  which  is 
the  path  of  the  centre  of  the  generating 
circle.  The  Thfchoid  is  sometimes  ealled 
a  Protracted  Cycloid;  and  a  curve  formed 
by  a  point  without  the  circle  (upon  the 
diameter  extended)  is  termed  a  Contraded 
Cycloid:  the  base  of  this  latter,  too,  is  of 
the  same  length ;  being  always  equal  to  the 
circumference  of  the  generating  circle  in 
all  the  forms  of  the  cycloid.  If  in  the 
trochoid  a  circle  be  drawn  rotmdthe  centze 
c,  having  the  axis  <<  e  as  a  diameter,  the 
two  circles  will  represent  the  wheel  amd  if 
nave,  in  the  famous  Aristotelian  paradox. 
— ^See  Epicycloid, 

TROPICS.— See  Ecliptic, 

TROPICAL  YEAR,— See  Year. 

UMBELLIFEROUS.— See  Phyneal  Gre. 
graphy,  page  47. 

VAPOUR.— See  Glotsary  I. 
VARIATION    OF   THE   COMPASa— 

See  Glossary  II. 
VARIETIES.— See  Genus, 
VELOCITY  is  the  comparative  celerity,  or 

swiftness,  of  a  moving  body. 
VERNIER.-^e  Glossary  I. 
VERSED  SINE.— See  Glossary  I. 
VERTICAL  CIRCLES.— See  Ghssarg  II. 

Horizon,  A  vertical  circle,  passing  through 

the  east  and  west  points  of  the  horizon,  is 

called  the  Prime  Fertical, 
VIVIPAROUS,  a  general  designation  for 

such  animals  as  bring  forth  unai  young 

■live,  in  opposition  to  Opt^Nimw,  which 
VORTICES.— See  Glossary  II. 
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WANINO.  Declining  in  power.  The 
term  ia  applied  to  the  moon,  as  decreas- 
ing in  her  light,  from  the  full  to  change. 

WEATHERSIDE  OF  A  SHIP.  — See 
Leeward, 

WINDWARD.— See  Leeward. 

TEAR.  The  {leriod  of  time  in  which  the 
earth  performs  her  revolution  round  the 
sun,  or  that  in  which  the  sun  apparently 
moves  from  a  point  in  the  ecliptic  until  he 
returns  to  the  same  point,  is  the  Sofar  Year, 
It  is  also  termed  the  Tropical  Year,  and 
consists  of  365  days,  5  hours,  and  nearly 
49  minutes.  The  Sidereal  Year,  that  be- 
tween the  departure  of  the  sun  from  any 
fixed  star  to  his  return  to  the  same  star,  is 
about  17  minutes  longer.  Tlie  Anonuilu- 
tical  Year  is  the  time  that  elapses  from  the 
8un*s  leaving  his  apogee  till  he  returns  to 
it,  and  is  365  days,  6  hours,  and  about  14 
minutes. — See  Calendar, 

ZENITH.— See  Nadir. 

ZENITH  DISTANCE.  The  complement 
of  the  altitude  of  a  heavenly  body  is  its 
Zenith  dittemce, 

ZODIAC.  The  ecliptic  (as  is  stated  under 
that  head)  crosses  the  equator  at  an  angle 
of  about  23^  degrees.  It  is  the  earth's 
orbit,  and  the  apparent  path  of  the  sun. 
The  orbits  of  the  other  planets  cut  the 
ecliptic    atdifierent  angles;    but  (imtil 


lately,  that  Juno,  Pallas,  Ceres,  and  Vesta 
were  discovered),  the  orbits  of  all  passed 
within  seven  degrees  on  either  side  of  the 
earth's  course.  A  zone  of  sixteen  degrees 
in  width,  having  the  ecliptic  for  its  central 
line,  was,  therefore,  conceived  to  include 
the  whole  of  the  planetary  orbits.  It  was 
called  the  Zodiac  (Greek  Zodiaeot,  from 
Zoim,  an  animal),  because  it  contained 
the  figures  of  all  the  animals,  &c.  which 
formed  the  twelve  signs. 

ZONE  (Latin Zona,  a  girdle),  in  Geography^ 
is  the  denomination  given  to  each  of  the 
five  parallel  belts  into  which  the  earth  is 
imagined  to  be  divided  in  respect  to  tem* 
perature.  The  Torrid  Zone  includes  all 
the  space  which  lies  between  the  tropics, 
being  nearly  47  degrees,  or  23^  degrees 
on  each  side  of  the  equinoctial  line.  Two 
Frigid  Zimes  occupy  those  parts  which  lie 
between  the  poles  and  the  polar  circles ; 
and  two  divisions  that  lie  between  those 
circles  and  the  torrid  zone,  are  called  the 
Temperate  Zonet, 

ZOOLOGY  (Greek  zdon,  an  anima.1,  and 
logoff  a  discourse),  is  that  division  of 
Natural  History  which  treats  of  animals, 
and     

ZOOPHYTES  (Greek  fAgton,  a  plant)  are 
such  natural  productions  as  are  supposed 
to  participate  of  the  qoalities  both  of 
plants  and  animals. 
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The  leferencet  are  given  to  Ihe  treatife  ot  treatiiet  in  which  the  article  is  fonnd.  Of  the 
contractions,  Hiht.  op  Astro,  stands  for  HUtorjf  of  jistronomjf ;  Math.  Gboo.  forAfaMe- 
maticai  Qtography ;  and  Phys.  Gboq.  for  Phytical  Geography, 


Abefraiion  of  light,  general  view  of      .         • 

*  *     discovery  of,  by  Dr.  Bradley 


•  ■ 


•  • 


•  • 


•  • 


proof  o£  the  earth's  annual  motion 

illnstrations  of  that  phenomenon 

afiects  tlie  apparent  position  of  the  heavenly 

bodies       .         .         •         .         • 
table  of,  for  the  fixed  stars,  how  formed 
Action  of  gravity  explained  .         •         •         •         • 

A/temoon  of  the  day,  why  wannest  .         •         • 

AUnnoet,  description  of  that  variety  of  man  •         • 

Alexandria^  the  gromid  of  its  site  did  not  exist  in  the  time  of 

Homer  ••...••• 

Alexandrian  school,  astronomers  of       -     •         •         • 
Algebra^  a  favourite  study  of  the  Hindoos      .         •         • 
Aiphonwine  tables,  history  of  their  construction    »         • 
A/phonsoy  kiuf?  of  Castile,  his  daring  assertion        *         * 
America  and  Europe,  comparative  temperature  of        • 

South,  atmospheric  appearances  in  •         • 

. «       has  no  indigenous  species  of  heath         •         • 
particularly  abundant  in  venomous  reptiles         • 
Amount  of  parallax,  how  aseertained  .         .         • 

Anarimander  said  to  have  invented  the  gnomon      •         • 
Ancient  opinions  concerning  the  figure  of  the  earth      « 
Animalt  of  New  Holland,  account  of     .         •         •         • 

•  •      diversity  of  colour  in  certain  speciee      •         • 
• .      their  distribution  over  the  globe         •         • 

Anomalittic  year,  explanation  of        •         •         •         • 
i^iwiwo/ variation  of  the  fixed  stars         •         .         •         • 

. .     pnrallax,  concerning    .         .         .         •         • 
Annuiar  eclipses,  concerning        •         •         .         •         • 

great  one.  in  1737  described     •         • 
Antiquity  of  astronomy       • ,        •         •         •         •         • 

•  •        of  Egyptian  Astronomy     .         •         •         • 
• .        of  Chaldsan  astronomy        .         •         •         • 

Apparent  and  mean  time  distinguished      .         •         • 
Appearance  of  the  heavenly  bodies,  effect  of  fefradioa  on 
Arabian  astronomy,  history  of  .         •         .         . 

. .  .  •  elements  of  •         •         •         • 

Araius^  his  astronomical  poem  •         •         •         • 

Arctic  regions,  red  coloured  snow  otf  accounted  for  • 

ArctunUf  proper  motion  of  that  star  •         .         • 

his  heliacal  rising  in  the  age  of  Hesiod    •         • 

Ari9tarchu9^  his  method  of  ascertaining  the  distance  of  the  sun 

and  moon  from  the  earth         .•••.. 

another  account  of  his  method  of  ascertaining  the 

sun*s  distance        •         •         • 

Aristotelian  philoKOphy  overthrown  by  Galileo    • 

Arittotle  supposed  that  the  earth  was  shaped  like  a  drum 

AritkmetiCf  binary,  account  of  a  Chinese  work  on        • 

^r/ of  observing,  improvements  in        •        •        •        • 
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GSNBRAL  INDEX. 


Jr^abhaHOf  an  ancient  Indian  astronomer,  f aught  the  dtunai 
motion  of  the  earth 

jtsteroida  proposed  designation  for  the  planets  Juno,    Ceres 
Pallas,  snd  Vesta  •••••• 

Atiroiahium  of  Ptolemy,  construction  of    .         •         .        • 

Attrology  originated  in  Chaldasa  .         .         .         • 

not  known  in  Greece  before  the  time  of  Alexander 

•  •        prevalent  at  Rome  under  Augustus     • 

•  •        infected  some  of  the  greatest  astronomers  of  modem 

Europe  up  to  the  1/th  century    .         • 
AtironomerM  of  Chaldea,  their  method  of  calculating  eclipses 
of  the  Alexandrian  school,  account  of 
only  one  of  eminence  during  the  Roman  republic 
of  Europe  were  astrologers  up  to  the  beginning  of 

the  17th  century  .         .         .         • 

Regiomontanus,  an  account  of  his  works  • 

Copernicus,  account  of  his  system  and  discoveries 

• .  accused  of  impiety   •         .         • 

Tycho  Brah£,  accotmt  of  his  discoveries  •         • 
Huygens,  account  of,  and  of  his  inventions 
Kepler,  account  of  his  theories  and  discoveries 
Gkdileo,  account  of  his  discoveries       .         • 

accused  of  impiety  by  the  church 
Hevelius,  account  of  his  observations  • 

(early)  description  of  their  quadrants        •         • 
Romer,  account  of  his  inventbns  and  discoveries 
Cassini,  account  of  his  discoveries       • 
Herschel,  account  of  his  discoveries         •         • 
Flamstead,  account  of  his  discoveries  • 

Halley,  account  of  his  discoveries  •         • 

Descartes,  account  of  his  system  •         • 

Newton,  account  of  his  system        .         .         • 
Bradley,  account  of  his  discoveries      •         • 
La  Caille,  account  of  his  astronomical  labours 
Mayer,  account  of  his  labours  •         • 

A$troHomical  day  distinguished  from  the  civil    •         •         • 
twilight  distinguished  from  the  popular       . 
obMcrvatioM^  correct  the  variation  of  the  magnetic 
needle     .         .         .         •         • 
•  •  determine  the  bearings  of  texxestrial 

objects    .         .         •         . 
Tables  of  the  Chinese,  account  of  • 

• .      of  the  Hindoos,  account  of    •         • 

observations  on 
theories  of  Hipparchus,  account  of    .         • 
poem  by  Aratus,  account  of  .         • 

. .    of  Manilius,  account  of   .  .         , 

discoveries  of  Hipparchus,  account  of 
doctrines  of  Ptolemy,  account  of  •  • 

.  •  observatories,  when  first  established 
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Carmooroui  quadrupedtf  most  frequent  in  hot  countries 
Caspian  Sea,  its  surface  lower  than  that  of  the  Black  Sea  or  of 

the  Baltic •         *      .  ,* 

Catnopeiay  extraordinary  star  which  appeared  in  that  constel- 
lation in  1573        ..•••••* 
Cauinif  funeral  account  of  his  discoveries  •         •         • 

.•       completed  the  theory  of  the  moon's  libration       • 

•  •      measures  a  degree  of  the  meridian  in  France  • 

his  very  accurate  meridian  line         .         •         •         • 
Caasiquarey  description  of  the  woods  on  its  hanks         .         •^ 
Catalogue  of  fixed  stars  in  the  southern  hemisphere,  by  La  Caille 
Catalogues  of  the  constellations,  how  formed  •         •         • 

Cause  of  eddies  or  whirlpools 

.  •     and  course  of  trade  winds 

• .     of  excess  of  cold  in  Russia     •         .         •         •         • 

.  •     of  the  tides  explained 

Causes  of  the  tides  investigated        •         «         •         •         • 
Cavendish's  experiments  on  the  earth's  density         .         •         • 
Cdeslial  sphere^  its  parts  enumerated         .         •         • 

• .        observations^  applied  to  navigation    *         •         «         • 
Centrifugal  force  of  the  earth's  motion  diminishes  from  the 

equator  to  the  poles         .         •         .         • 

its  effects  investigated  by  Maclaurin 

its  value  at  any  point  of  the  earth's  surface 

how  calculated      .         .         •         •         • 

,  •  and  centripetal  forces,  observations  on       •         • 

Ceresj  the  symbol  by  which  she  is  represented         .         •         • 

•  •      discovered  by  Piaszi  in  1801  »         •         •         • 

• .      her  diameter  too  small  to  be  measured  •         •         • 

• .      particular  account  of  that  planet     •         •         •         • 
Chaldaa  the  origin  of  astronomy  .         •         •         * 

Chaldman  Astronomers,  their  method  of  foretelling  eclipses  . 

discovered  the  period  of  223  months      . 
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the  moon        .....«• 
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ancient  characters        ...... 
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ChrtmomettrM^  history  of 

on  tho  imperfections  in 
Churchf  its  persecution  of  Galileo     . 
Clicffi9,  his  translation  of  Aratus 
Circle,  its  division  by  the  Chinese      • 
Circles  of  the  sphere,  described 


of 


of  a  sphere,  described  generally       . 

•  •     of  the  celestial  sphere       ..... 
Civil  Day^  distinguished  from  the  astronomical    . 

. .    Year^  why  it  commences  with  the  beginning  of  a  day 
ClairatUif  his  infestigation  of  the  earth*s  figure     • 

first  investigated  the  problem  of  th6  three  bodies 
Cleptydra  used  by  the  Chinese  to  divide  time 
Climate  of  Edinburgh  compared  with  that  of  Moscow       • 
. .     of  Canada  compared  with  that  of  England       • 
. .     causes  which  determine  its  character           •         • 
• .     mean  temperature  of,  how  ascertained    •         • 
. .     modified  by  the  prevalent  winds        .         • 
.  •     the  cause  of  the  difi&rent  races  of  man    .         • 
Climaietf  manner  in  which  they  differ  with  the  place 
• .       their  heat  di^rent  under  the  same  latitude 
•«       of  every  temperature  contain  vegetables     •         • 
•  •       hot,  contain  strong  and  ferocious  reptiles  and  quadru- 
peds    .         • 

.  •       new,  change  the  nature  of  domestic  animals      • 
hot  and  cold,  equally  the  abode  of  man  • 

CIocAm  with  wheels  not  known  before  Huygens       • 

•  •     with  pendulums,  invented  by  Huygens      •         • 
• .     astronomical,  regulated  by  sidereal  time 

Clotid*  in  Jupiter's  atmosphere  .         •         •         • 

Coldf  excess  of,  in  Russia,  cause  of        •         .         •         . 
Colour^  on  the  diversity  of,  in  man     .         •         •         • 
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.  •  Barlow's  correction  of 

..       Asimuth 
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Coniinentt,  fif^ire  of , 

Copernican  Systentf  opposed  from  religious  scruples      •         • 

Tycho  Brah^'a  arguments  against 
Copernicutf  account  of  his  discoveries         •         •         .         . 
accused  of  impiety     ...... 

Coral  hlandt^  account  of  the  manner  of  their  formation 

.  •  Reef;  Captain  Hairs  account  of  .         .         .         . 

•  •       . .     Captain  Flinders*  account  of    .         •         • 
Cbrrec/ioftf  requisite  to  be  applied  to  refraction         . 
Cotr-Zre^,  curious  account  of    •  .  •  .  » 
Crwudfouramf  tables  of,  account  of       ....  . 
Cryptogamoua  plants,  most  diffused  over  the  earth        •         • 
Currents  of  the  ocean,  causes  of            .         .         .         .         . 

that  termed  the  Ghilf-stream,  described 
•  •      in  the  atmosphere,  account  of  «         •         .         , 

Cyc/tf,  Chinese,  of  sixty  years  ..... 

. .    of  Meton  or  Golden  Number 

•  •    of  Callippus,  account  of 
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•  •    astronomical  and  civil,  how  distinguished  • 
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Day  and  Nigktt^  their  lengths  at  different  latitudes     •  . 

• .     of  the  week  named  from  the  planets    .         •         .         . 
Deciination  of  a  heavenly  body,  how  ascertained 

Dfjinitiona  relative  to  geometry 

Degree  of  the  Meridian^  measured  by  various  persons  • 

by  Cassini  in  France 
by  Condamine  and  others  in 

Peru  .  . 

by  Maupertuis  and  others  in 

Lapland 
by  La  Caille  and  others  in 
France  and  at  the  Cape  of 
Good  Hope 
by  Beccaria    and  others  in 

Italy 
by  Mason  and  Dixon  in  Penn- 
sylvania   .         .         • 

•  •     of  Longitudej  lessens  from  the  Equator  to  the  Pole 
.  -  . .  in  different  latitudes,  length  of    • 

Delta  of  the  Rhone,  gradual  augmentation  of  .         •         . 

DenderaA,  the  Zodiac  of,  described    .  •  •  •  • 

Density  of  the  sun's  atmosphere  •         «         .         •         • 

of  the  earth,  experiments  on  ...         . 

Depths  of  the  ocean,  unfathomable  in  some  places 
Descartes,  account  of  his  Astronomical  System    .         .         ,   ' 
Descent  of  difierent  nvers,  account  of  .... 

Z>escrij9/M>fiaju/tMeof  the  diagonal  scale  • 

-      •  •  of  the  logline        .         .         •         •         . 

Deviation  of  the  compass,  concerning  .... 

Barlow's  correction  of     . 
Diagonal  ScalCf  description  and  use  of        ...         . 
Diameter,  apparent,  of  the  sun  varies  from  31^  to  32}  minutes  . 
.•      of  the  horiiontal  sun  and  moon— cause  of  its  apparent 
increase  uncertain  ..... 

•  •      of  Uranus  not  more  than  four  seconds     •         ,         . 
DiameterSf  apparent,  of  the  planets    .         .         .         •         . 

of  Vesta,  Juno,  Ceres  and  Pallas,  are  too  small  to  be 
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I>inme3t  of  objecfa  near  the  horizon,  accounted  for  • 

JDueovrriW  attributed  to  ThaleA  .... 

Dittance,  greatest  and  least,  of  the  moon  from  the  earth 

.  •       of  the  sun  and  moon  from  the  earth,  how  ascertained 

by  Aristarchus 

of  Uranus  from  the  sun,  not  known  .         . 

of  certain  fixed  stars,  how  determined    •         , 

•  •       of  the  sun,  found  by  Aristarchus     .  .  , 

between  two  places,  method  of  finding 
Dhiancet  of  the  stars,  cannot  b«  judged  of  by  the  eye     • 

of  the  heavenly  bodies  deduced  from  their  parallax 
of  the  planets  from  the  sun,  table  of 

•  •  .  •  Bode*s  Law  of  •         • 
J>omeitie  Quadrvped$  change  their  nature  with  climate     . 
Doubie  and  multiple  start,  account  of  ...  . 

period  of  some,  ascertained 
Dupuie  referred  the  origin  of  the  constellations  of  the  Zodiac  to 
the  ancient  Egyptians  ...... 

7)tfra//oii  of  twilight  varies  with  latitude         • 

Earthf  places  on,  where  certain  stars  never  set     . 

•  *     appears  to  be  in  one  of  the  foci  of  the  sun's  orbit 
. .     appears  to  the  moon  with  different  phases  . 

• .  always  sees  the  same  face  of  the  moon        •         • 

. .  symbol  by  which  she  is  represented 

. .  probability  that  she  revolves  round  the  sun 

•  •  . .         that  the  moon  is  her  satellite 

.  •     Ptolemy's  map  of,  erroneous      •         •         •         . 
. .     general  view  of  the  land  and  sea      .         .         .         • 
. .     neights  of  the  principal  mountains  on        .         .         • 
sea  shells  and  bones  of  quadrupeds  found  buried  in 

•  •     whether  there  has  been  any  change  in  its  general  tem 

peratore 

. .  quantity  of  moisture  contained  in  different  parts  of 

•  •  distribution  of  plants  over       .         .         •         ,         . 
• .  cryptogunous  plants  more  diffiised  over 
. .  distribution  of  animals  over  •         .         .         • 
• .  birds  seldom  change  the  quarter  of      •         .         . 

•  •  latitude  and  longitude  on        ....         , 
.  •  its  magnitude  ..•.•• 

Earth**  axis,  nutation  of,  explained  .         .         .         .         • 
density,  experiments  to  ascertain  • 

Equaioriai  and  Pbiar  diameters,  proportion  between 
fgure  that  of  an  oblate  spheroid        .         .         • 
.  ■     how  determined  .         •         *         •         • 

•  •     and  magnitude,  how  ascertained         •         . 
.  •     investigated  by  Clairault       .... 
• .     ancient  opinions  concerning     .         •  . 
• .     known  to  the  Egyptians  and  Chaldeans 

•  •     supposed  by  Aristotle  to  be  a  cylinder 

•  •     supposed  in  the  middle  ages  to  be  a  plane 
.  •    Bpherical,  proved  by  Columbus  .         • 
.  •    proved  to  be  spherical           .         .         .         • 
• .     reasons  why  it  is  a  spheroid     •         •         . 
• .     effects  of,  on  navigation        •         •         •         • 

motion,  objections  to  it  answered  • 

• .     demonhtrated  by  aberration  .         • 

. .     taught  by  Pythagoras  and  Thales     .         • 

•  •     diurnal,  known  to  the  ancient  Hiudoos 
• .     remarks  on  the  dispute  concerning     •         • 

•  •     its  centrifugal  force  diminishes  from  the  equator 
to  the  poles     ...... 

arbi/,  time  in  which  it  is  traversed  by  light  . 
• .     its  form  disturbed  by  the  attraction  of  the  planets 
. .     its  eccentricity  variable  •         •         .         . 

surface,  Snell^s  method  of  measuring  .         • 

• .       Norwood's  method  •         .         •         • 

Picard's  method  •        •        •         • 
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EartkU  tur/ac€f  vibfation  of  a  pendulam  different  in  di£fitren€ 

parts  of       •         .         •         .         • 
a  de^ee  of,  measured  by  various  persons 
.  •  • .       position  on,  how  determined       .         • 

. .  • .       methods  of  measimng  a  degree  of 

•  •  •  •       value  of  centrifugal  force  at       .         . 

.  •  . .       changes  that  take  place  on    .         • 

JSarthquaket,  probable  causes  of        .  ... 

Earththine,  renders  the  moon  visible     .         • 
Ecliptey  punishment  in  China  fur  not  foretelling  one 
Eciiptesj  records  of,  before  the  christian  era 

• .       general  notion  of  .... 

penumbra  in,  accounted  for  ... 

greatest  and  least  number  possible  in  any  year 
.  •       how  foretold  by  tl)e  Chaldaeau  astronomers      . 

records  of,  useful  in  computing  ancient  dates 
• .       terror  which  they  inspired  in  former  times 
LumoTy  their  limits,  &c.  .         .         . 

..      blood-colour  of  one  in  1830 
. .  . .     how  calculated 

Solar y  their  limits,  &c.         .         •         .         . 
annular  and  tutal,  concerning 
.  •  •  •      last  total  one  visible  in  London,  described 

•  •  ..       great  annular  one  in  1737,  described 

•  •  • .      possibility  and  duration  at  any  particular  place 

how  ascertained  •  .         • 

•  •  • .      longitude  found  by      •  •         • 

.•      how  calculated         .... 
. .       of  Jupiter's  Satelliiet,  concerning  the 
• .  . .  prove  the  motion  of  light 

.  •  . .  longitude  found  by 

Ec/ipiie,  its  obliquity,  how  determined        • 

Eddiety  or  whirlpools,  cause  of     .  .  .  . 

EiUnburgh,  its  climate  compared  with  that  of  Mosttow 

Egypt,  the  origin  of  the  Greek  zodiac   . 

Egyptian  Rural  fVar,  year  of,  how  determined    .         . 
. ,       Attronomy,  antiquity  of  ... 

Egyptiantf  invented  the  week,  or  period  of  seven  days 
knew  the  figure  of  the  earth 

£/-^a/ani,  elements  of  Arabian  astronomy 

Electric  Fishes^  description  of      . 

Elementt  of  the  Hindoo  astronomy,  view  of         •         • 

•  •       of  the  tables  of  Ptolemy  •         .         • 
• .       of  the  Arabian  astronomy  from  El-Batani      • 

of  the  tables  of  Tycho  Brah6  • 

Encke*s  comet,  account  of         ....         • 
England,  its  climate  compared  with  that  of  Canada 
English  solar  day  differs  from  the  French  .         . 

Ephemerity  nautical,  when  first  published      • 
Epicycles  and  eccentrics  of  the  Ptolemaic  system  . 

Epoch  of  the  Egyptian  rural  war,  how  determined 
Equation  of  Time,  explanation  of       ...         . 


cause  of     ....         • 
Equator,  monsoons  near,  account  of      .         .         . 
Equatorial  SecUf  the  only  ones  which  support  perfect  soophytcs 
Equinoctial  and  sidereal  year  distinguished     .         • 
Equinox,  vernal,  signs  through  which  it  has  passed 
Equinoxes,  their  precession,  concerning  « 

.  •  . .  period  of         .  •  . 

illustrated 

useful  in  chronology 
compared  with  nutation 
Era  of  Hesiod,  how  determined         .         •         .         • 

. .  of  the  Peloponnesiau  war,  Jiow  determined 
Eratosthenes^  his  progress  in  astronomy 
Erica,  the  whole  genus  peculiar  to  the  old  world    . 
Enors  in  Ptolemy's  map  of  the  earth 
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£nijB/ibfi  0/ fVeoMoef — wtoniiihing  one 

.  •  substances  thrown  out  by 

.  •  causes  of  ...         1 

Euclidj  aecount  of  translations  of  his  works         •         • 
EudoxMt  the  contemporary  of  Plato      .         .         •         • 

•  •        his  theory  of  solid  spheres  •         .         . 

Europe  and  Americut  comparative  temperatures  of 
European  Attronmnert,  many  great  ones  have  been  astrologers 
Evaporation^  degree  of,  at  various  places 
Evening  Star,  the  planet  Venus         .         •         •         • 
Examples  and  illustrations  of  traverses 
Eocentricity  of  the  planetary  orbits,  table  of        .         • 

of  the  earth's  orbit,  variable 
Experimentt  on  the  attraction  of  mountains         • 

for  connecting  the  observations  of  Greenwich 

Pans       •         •         •         •         <         • 
by  Cavendish  on  the  earth's  density 
to  fix  the  length  of  the  French  metre 
• ,  on  the  pendulum,  account  of    •  .         •         . 

Bye,  unassisted,  does  not  discern  stars  below  the  fifth  magnitude 

..   nu  judge  of  the  distances  of  the  stars 
'  • .    unassisted,  cannot  see  Jupiter's  latellites      • 

Feiine  quadrupeds  differ  in  the  new  and  old  world  .         • 
Figure  of  the  earth  that  of  an  oblate  spheroid     . 

investigated  by  Clairault  .         • 

ancient  opinions  concerning  • 

known  to  the  Egyptians  and  Chaldseans 
supposed  by  Aristotle  to  be  like  that  of  a  dnim 
proved  to  be  spherical      .         . 
why  not  a  perfect  sphere 
.  •     and  magnitude  of  the  earth,  how  ascertained 

^    . .     of  the  continents 

Fisketj  every  basin  of  the  ocean  has  its  peculiar  tribes     . 
. .      electric,  particularly  described 

concerning  the  migrations  of     .         •         •         • 
Fixed  Start  have  no  observable  diameter    . 

. .         their  apparent  magnitude  not  increased  by  the 
scope         ...••• 
proper  motions  of  some  so  called 
on  the  annual  variation  of        .         •         • 
their  occultations  by  the  moon     . 
lu>w  distinguished  from  the  planets  . 
tables  of  nutation  and  aberration  for,  how  formed 
distance  of  some,  how  determined     •         • 
annual  parallax  of  some  determined     •         . 
longitude  found  l>y  their  occtiltations 
aberration  of,  when  discovered     .  •         • 

catalogue  of,  by  La  Caille       .         •         • 
clusters  of        •  .         .  •         •         • 

F/amsteedy  account  of  his  discoveries 
FHnderi  account  of  the  coral  reefs        .... 
Flying  quadrupeds,  account  of  .         • 

FouU  SheJ/t  found  on  the  tops  of  mountains 

, ,    Bonesy  found,  of  known  and  unknown  quadrupeds 
Fhrettt  in  Lapland  grow  in  a  very  bw  temperature 
FormuUe  for  the  accurate  estimate  of  refraction  . 

for  solar  nutation  ..... 

respecting  the  moon's  place  .         •         . 

France^  degree  of  the  meridian  measured  in,  by  Cassini    • 

. .  by  La  Caille,  &c. 
French  Solar  Day  differs  from  the  English     . 
. .     Metre,  experiments  to  fix  lU  length 

Gahleo  first  discovered  the  phases  of  Venus 

Jupiter's  satellites 
account  of  his  discoveries  .... 

. .      overthrew  tlie  Aristotelian  philosophy      . 
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CalUeo  invented  the  telescope      •        •        •         •        • 
BUfTgested  the  pendulum  to  measure  time         • 
his  controversy  respecting  the  itpots  in  the  sun     . 
Gatcayne^  the  inventor  of  the  micrometer 
Geneva^  its  lake  gradually  diminishing  •         .         • 

Geograplucal  or  nautical  mile,  length  of     .         .         .         • 
Geography^  mathematical,  defined         .         •         .         . 

books  on       ....••         . 
universal,  defined       .         .         .         •         • 
physical,  application  of  the  term        •         •         • 
Geometry^  definitions  relative  to  .  .  • 

Georgium  Sidut,  another  name  for  the  planet  Uranus    . 
Gerbert,  a  celebrated  mathematician,  account  of     • 
GetftfTf  the  celebrated  boiling  fountain      .         •         •         • 
Golden  Numbtry  known  in  China  from  time  immemorial 
called  the  cycle  of  Meton  .         • 

Gnomon^  how  used  in  Hindoo  observations 

its  invention  ascribed  to  Anaxiraander  .  .         . 

OravUtuion,  Theory  of,  dependent  on  the  measure  of  earth 

di6ficulties  in  establishing     • 

Graviiy,  its  action  explained 

• .         first  understood  by  Kepler      •         •         • 
Greece,  origin  of  astronomy  in      .         .         .         .         . 
Greek  ZodiaCf  borrowed  from  Egypt  •         •         •         . 

•  •  ascribed  to  Thales  .... 

•  •  indentical  with  that  of  the  Hindoos 
•  •     sphere  said  to  have  been  invented  by  Cheron 

Greekty  proverbial  contempt  of,  by  the  Hindoos  •         • 

• .      unacquainted  with  astrology  in  early  ages  • 

studied  philology  more  than  nature 
Chreenwick  and  Paritf  experiments  for  connecting  their  obser 

vatories      ..... 
Gregorian  Calendar^  account  of 


. .  inferior  to  the  Persian     .         .         • 
GuetSf  remarkable,  of  Kepler  on  the  planetary  laws 

of  Bode  on  ditto      •         .         •  • 

Gulf-^iream,  account  of  that  current  .         .         •         • 

•  •         wrecks  brought  by,  led  Columbus  to  discover  Ame 
rica  ••....• 

Gunpowder,  used  to  ascertain  longitudes        • 

Hadlejf'e  Quadranl  described 

BeU/f  Bati/y  his  description  of  the  landscape  ou  the  coast  of  Lima 

his  account  of  the  coral  reefs  •         •         « 

Ha/leg,  account  of  his  discoveries  .         .         •         . 

his  theory  and  discoveries  of  the  comets  •         • 

Harding^  discovered  Juno,  in  1803        .... 
Harriton,  the  inventor  of  chronometers       .         •         •         • 
UarveMt'Moonf  phenomenon  o£^  accounted  for  .         . 

18  a  spring  moon  in  the  southern  hemisphere 
/feo/ of  the  seasons,  cause  of  its  variation       .         ... 
. .    of  the  day,  why  greatest  in  the  afternoon    •         .         « 
• .    of  the  climate  differs  often  under  the  same  latitude 
• .    intensity  of,  in  comets  when  in  the  perihelion       .         • 
Jieathtf  the  whole  genus  peculiar  to  the  old  world    . 
Heavenly  Bodiet,  their  declinations,  how  ascertained     .         • 
.  •  their  azimuth,  how  determined     . 

eifects  of  refraction  on  their  appearance 
.  •  all  affected  alike  by  refraction     . 

•  •  their  distances  and  magnitudes  deduced  from 

their  parallax         .... 
• .  their  apparent  positions,  how  affected  . 

• .  their  position  depressed  by  parallax       . 

HeigkU  of  the  principal  mountains  on  the  globe  .         • 

Heiiottaiy  an  instrument  for  conveying  an  instantaneous  signal, 

described     ...,,,. 
Memitpheretj  northern  and  southern,  comparative  temperatures  of 
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• .  shiue  by  reflected  light 
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• .  demonstrated  by 

Newton  • 

•  •      of  refraction  by  Kepler 
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•  •     of  a  geographical  mile 
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Libyan  Deeertt,  aeeount  of  the  sand-drifts  in        .         •         . 
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tables  of  Mayer,  history  of     • 
inequality,  La  Place's  determination  of 
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of  the  solar  system  in  space  .         • 

of  the  earthy  taught  by  Thales  and  Pythagoras 

remarks  on        .         .         . 
of  the  planets^  Kepler's  Laws  of       .         • 
. .  discovered  to  be  elliptical 

. .     proper,  of  the  sun  ..... 
Motiont  of  some  of  the  stars  termed  fixed 
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Polar  regions^  on  the  moonlight  in  •         •         •         • 

Po/e  ttary  place  of  the         .••••• 

Potiti&n  of  the  heavenly  bodies  depressed  by  parallax  • 

.  •     on  the  earth's  surface,  how  determined  •         • 

..     of  a  rock  at  sea,  how  determined       •         •        • 
Precession  of  the  equinoxes,  causes  of        •         •         .         • 
.  •  •  •  period  of  •         •         • 

illustrated       •         •         •         • 

useful  in  chronology    •         • 
compared  with  nutation    •         • 
Principle^  the  fundamental  one  of  hydrostatics       • 
Principles  of  astronomy  contrary  to  the  immediate  results  of 
observation  ....... 
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Ptolemaic  Tables^  principal  elements  of  .         .         • 
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his  system  of  epicycles  and  excentrics        •         • 
his  plagiarism  from  Hipparchus  .         •         • 

his  astrolabium,  construction  of       •         •         . 
his  map  of  the  earth,  errors  in   •         •         •         • 

Pythagoras  taught  the  doctrine  of  the  earth's  motion 

of  the  plurality  of  worlds    • 
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Quadntnt,  muril,  invented  by  Picard 

•  •         Hadley*a  described      .         •         • 

•  •  •  •        Borda's  improTement  on      • 
Quadrants  of  the  early  astronomers  described 
Quadrupeds,  bones  of  known  and  unknown,  found  buried  in  the 

earth 

• .         remarks  on  yarious  apecies  of      .         •         • 

•  •         of  hot  climates  strone  and  ferocious        • 

domestic,  change  their  nature  in  other  climes 

•  •  >  ■         description  of,  by  Humboldt 

(Edeniet),  without  teeth^  species  of      .         • 

•  •         which  fly,  described     .  .  .         .         • 

carmvoroiM,  chiefly  in  hot.  climates 

•  •        feline,  differ  in  the  new  and  old  worlds     • 

Jiaeet  of  man  dependent  on  climate     •         ,         •         • 
Jiain,  mean  annual  quantity  at  various  places    •         • 
Rain*,  periodical  in  the  torrid  zone,  causes  of         •         • 
Rational  Horizon  distingfuished  from  the  sensible       • 
Rayt  nf  iighi  proceed  in  a  curve  which  is  concave  towards  the 

earth         .         .         . 

•  •         their  passage  through  transparent  media       • 
Red  Sea  higher  than  the  Mediterranean        •         •         • 
Ree/t  of  coral,  Captain  Hall's  account  of  .         •         . 

•  •  Captain  Flinders'  account  of  • 
Reflecting  inttrumenti,  history  of  their  invention         *         • 
Rrflection,  nature  of,  from  the  moon's  surface         •         • 
Refraction,  its  effects  on  the  appearance  of  heavenly  bodies 

• .         renders  bodies  visible  when  below  the  horison 

causes  the  oval  shape  of  the  horizontal  sun  and  moon 
affects  alike  all  the  heavenly  bodies     . 
on  the  corrections  to  be  applied  to   • 
average  horizontal  in  this  country         • 
formuue  for  accurate  estimate  of      • 
• .        Kepler's  law  of         ...         . 
Regiomontantu,  account  of  his  works 
Reptiles^  largest  and  most  venomous  in  hot  regions 
Rewlutifftu  of  the  moon,  period  of  .         • 

of  the  planets,  table  of       •         .         , 
Rhone,  augmentation  of  the  arms  of  its  delta    • 
Rhumb-line,  construction  of  that  curve  •         , 

Rigel,  one  of  the  brightest  stars  in  Orion  • 

. .     his  distance  from  the  earth        .         •         • 
Ring  of  Saturn,  casts  a  shadow  on  his  surface 

. .  made  up  of  concentric  rings  • 

Rivert  and  springs,  geueral  observation  on 

•  •     on  the  descent  of  different  ones  »         » 
.  •     subterranean,  course  of         •         •         . 

Rock  at  sea,  its  position  how  determined       •         « 
Roman  calendar,  account  of  ... 

how  corrected  by  Julius  Csesar     , 
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•  •      of  the  planets  round  their  axes,  table  of   , 

of  each  planet  round  an  axis,  probable 

•  •     of  the  sun  round  his  axis,  proved     .... 
Rudolphine  Tablet  of  Kepler,  mean  motions  of  the  planets, 

according  to     . 
Rufsia,  excess  of  cold  in,  cau^e  of        •         •         . 

Sailing,  compared  with  travelling  on  land 

•  •       parallef,  what         •         •  •  •  . 
middle  latitude^  method  of          •        • 
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Saiineu  of  the  ocean  lessens  towards  the  poles 

tables  of,  at  different  latitudes 
Sand'dri/tt  of  the  Libyan  deserts,  account  of 
Sand-flood,  account  of  that  in  Morayshire 

methods  employed  for  preventing 
Saieitiigt,  their  periuds  of  rotation  all  follow  the  same  law 
that  the  moon  is  one  to  the  earth,  proved  • 

of  Jupiter  discovered  by  Galileo 
• .       not  seen  by  the  naked  eye 
shine  by  reflected  light 
have  a  rotation  round  their  axeB 
..       eclipses  of        .         .         , 
• .       prove  the  motion  of  light        • 
longitude  found  by     . 
of  the  planet  Uranus,  ascertained  •         , 
of  Saturn,  account  of        .  .         . 

Saturn,  the  ^rmbol  by  which  he  is  represented       • 
his  fonn  au  oblate  spheroid,  like  the  earth 

••  ••  ••  ••  «a 

• .       his  ring  casts  a  shadow  on  his  surface  . 

•  •  •  •     supposed  to  be  two  or  more  concentric  rings 

•  •     discovered  by  Huygens  .         . 

his  satellites,  and  when  discovered    •         • 

.  •  one  discovered  by  Huygens 

•  •  • .  four  discovered  by  Cassini     • 

•  •  •  •  two  discovered  by  Herschell 

Hindoo  table  of     . 
Sea/e,  diagonal,  description  and  use  of      • 
Schthallion,  in  Scotland,  attraction  of  that  mountain 
School  of  Alexandria,  astronomers  of        »         « 
SeUntific  societies,  when  first  instituted  . 

Sea,  methods  of  finding  the  latitudes  at 
. .  telescopes,  not  manageable  at       .         .         , 
.  •  and  land,  general  view  of,  on  the  earth     . 

breezes,  account  of       .         ,         . 
. .  shells  found  in  the  earth  on  the  tops  of  mountains 
SeoM,  none  in  the  moon  •         .         •         • 

. .    heights  of  their  surfaces  compared 
•  •  •  •  not  uniform 

• .    the  equatorial  alone  nourish  perfect  zoophytes 
SeoMouMf  cause  of  the  variation  in  their  heat 

the  four,  only  known  in  the  temperate  zones 
Second^^  Pendulum,  various  lengths  of  .  , 

. .  shortest  at  the  equator         . 

Sensible  Horizon  distinguished  from  the  rational     . 
SerpentaruUf  new  star  of,  in  1604 
Shadow  cast  by  Venus  in  a  dark  evening       .         • 

of  Saturn's  ring  on  his  surface     .         • 
She//9  of  sea^fish,  found  in  the  earth  on  the  tops  of  mountains 
Shipt,  piloting,  difficulties  of  •         .  . 

Shootinff  SitiTM  are  atmospheric  meteors         .         , 
Shrubt  found  growing  in  the  crater  of  Vesuvius  .         A 

Siameae^  their  cycles  described      .       •         ,         .         , 
Sidereal  Time,  its  difference  from  solar     • 

■  •  •  •  •         • 

astronomical  clocks  regulated  by 
Day,  why  it  differs  from  the  solar  .         • 
and  equinoctial  year  distinguished      • 
revolution  of  the  moon,  i)eriod  of    . 
Signed^  iuKtantaneous  mode  of  conveying  . 

;Si^M«  of  the  Zodiac,  account  of 

. .     throi^^h  which  the  verual  equinox  has  passed 
Sine*  and  tangents,  tables  of,  when  liist  constructed 

&c.  concerning  tables  of  • 

. .    SoelPs  optical  law  of      .  .         .         . 

Sirius,  his  distance  from  the  earth       •         • 
SkuU,  human,  on  the  diversity  of  shapes  of 
Shtf,  its  appewancQ  from  the  tops  of  mountaiui     . 
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SmuggUrt^  use  thdy  make  of  determinini^  a  point  at  sea 
Snelft  method  of  measuring  a  degree  on  the  earth 

. .     law  of  the  sines  in  optics      •         .  •         • 

Snow,  cause  of  red<coloured,  in  the  arctic  regions 
Socieiietj  scientific,  when  first  instituted  •         » 

Soiar  Day  in  France  different  from  England  » 

• .    why  it  differs  from  the  sidereal  •         • 

Time,  its  difference  from  sidereal  .         • 
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•  • 


•  • 


•  • 


•  • 


•  • 


• « 


EelipKtf  their  limits,  &c  .         •         • 

annular  and  total,  concerning      • 
last  total  one  visible  in  London,  described 
great  annular  one,  in  1737,  described  . 
durations  at  any  place,  how  ascertained 
longitude  foimd  by  .         •         • 

how  calculated     •         •         •         •         , 
Nutation^  formulae  for  .  •  •         » 

Stfttem,  its  Mupposed  motion  in  space  »         < 

• .        . .       hypotheses  on  its  origin       ,         .         . 
Solid  Spheres,  Kudoxus'  theory  of   .         • 
Soul,  or  intelligent  principle,  according  to  Kepler,  inherent  in 

every  planet  •.•.,, 

Southern  Continent,  reasons  for  predicting  •         • 

Speciet  of  zoophytes  require  different  temperatures 
•  •  •  •  perfect  only  in  the  equatorial  seas 

of  quadrupeds,  remarks  on        .         .         • 

« •  flj^iogi  described    •         •         • 

of  man  not  different,  proof  of  • 

Sphere,  circles  of,  described  •         •         •         •         • 


« • 


•  • 


•  • 


•  • 


•  • 


•  t 


•  *  •  •         denominated  •         •         •         , 
'    ••  ^   celestial,  description  of  its  parts  •         • 
Spherical  Jigtire  of  the  earth  proved  by  Columbus 

•  •  •  •  proofs  of      •         .         • 

•  •  cases  in  which  it  aflects  the  prin 

dples  of  navigation  • 

and  plane  triangles  diHtinguished 
Spheres,  solid  and  transparent,  the  planets  formerly  believed  to 

have  been  fixed  in 

Spheroid,  oblate,  a  form  of  equilibrium  in  planets  of  rotation 

Spheroidal  figure  of  the  earth,  why  it  is  so     . 

Spoti  on  the  moon^s  disc,  observations  on  •         • 

•  •     on  the  sun,  their  magnitude         •         •         •         • 

•  •  •  •         prove  his  rotation  •         •         • 

•  •  •  •         Galileo*s  controversy  on      .         •         , 
• .     of  Jupiter  supposed  to  be  clouds       .         • 

Spring^moon  is  a  harvest-moon  in  the  southern  hemisphere 
Springs  and  rivers,  general  observation  on  •         , 

Standard  measures  of  time         «  •         •         •  • 

Star  Arcturus,  proper  motion  of       ,         ,         ,         , 
• .  morning  and  evening,  the  planet  Venus  •         « 

• .  new,  which  appeared  in  Serpentarius,  in  1604 
..  extraordinarjr,  in  Cassiopeia,  1573  .         . 

^/art,  their  magnitudes  how  characterised 

•  •      below  the  fifth  magnitude,  not  discernible  by  the  ndced 
®^e  .         ,,         ,         ,         ,         ,         ^ 

iheir  apparent  magnitude  not  increased  by  the  telescope 
may  be  seen  in  daylight  with  a  telescope    . 
have  no  observable  diameter        •         •         • 
proper  motions  of  some,  termed  ,;Sjr»/  •         • 

in  the  constellation  of  Orion,  how  named        • 
that  never  set  at  certain  places  •         •         • 

theirapparent  track  illustrated     . 
their  distances  cannot  be  judged  of  by  the  eye     • 
double  and  multiple,  an  accoimt  of        .         . 
variable,  the  periods  of  some,  ascertained  •         • 
clusters  of,  and  nebul€e  .  .  .       ,♦ 

immense  numbvrv  of,  ia  th^  milky  way      .        . 
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GKNKRAL  INDSX. 

Siart  and  planets,  rendered  visible  by  an  eclipse  of  the  sun 
•  •      KhootiDf^,  are  meteors  en^ndered  in  the  atmosphere 
[for  continuation  of  this  article,  see  Fixed  Star*] 

Stature  and  form  of  man,  diversity  of 

Subterranean  course  of  certain  rivers         • 

Sub»tttnee9  thrown  out  by  volcanic  eruptions 

Sulpiciut  Ga/lutf  the  only  eminent  astronomer  of  the  Roman 
republic        ••••••• 

Surtj  bis  apparent  motion  described  •         .         • 

•  •        diameter  differs  with  the  seasons 

•  •  . .         increased  in  the  horizon 
his  proper  motion,  concerning       .         •         • 
his  place  on  every  day  of  the  year,  how  determined 
his  orbit  apparently  elliptical        •         •         • 

• .     has  apparently  the  earth  in  one  of  its  foci 
and  moon,  why  oval-shaped  when  on  the  horizon 
his  rays  proceed  in  a  curve  which  is  concave  towards  the 

earth 
his  distance  from  the  earth,  how  ascertained  by  Aristarchus 

•  •  •#  ••  •• 

his  light  reflected  from  the  earth  renders  the  moon  visible 
transits  of  Venus  and  Mercury  over      •         • 

.  •  over  hb  disc,  account  of 

spots  on,  their  magnitude  .         .         • 

controversy  concerning,  with  Galileo 
his  rotation  proved  by     •         •         • 
density  of  his  atmosphere        •         •         • 
tables  of,  how  constructed  •         •  • 

Hindoo  table  of  the       •         •         •         • 
and  planets,  their  Hiudoo  names  •        « 

SupertlUiom  connected  with  comets        .  •         • 
Surface  of  seas,  comparative  height  of  some  • 

of  the  earth,  changes  in,  observed  • 

Surya  Siddhania,  an  ancient  Indian  table,  account  of 

synopsis  of  that  work      .        .         •         • 
Symbo/t  by  which  the  sun,  moon,  and  planets,  are  represented 
Synop$ia  of  the  Surya  Siddhanta     •         •         •         •         • 

Table  of  the  distances  from  the  sun,  periodical  revolution,  &c.  of 
the  planets  •  •  •  • 

• .  of  the  lengths  of  a  decree  of  longitude  in  different  latitudes 
of  the  velocities  of  wind  •         •         •         •         • 

of  sines,  tangents,  &c.  for  every  quarter-point  of  the  compass 
of  corrections  for  mean  middle  latitudes 

how  formed 


•  • 


Jabiesot  nutation  and  aberration  for  the  fixed  stars, 
• .  of  the  sun,  how  constructed         •         • 
..  of  the  moon,  how  constnicted        •         • 
. .  of  the  planets,  how  constructed  • 

•  •  of  Chrisnabouraro,  account  of  •         • 
• .  of  Narsapur,  account  of     •         •         • 

•  •  astronomical,  of  the  Hindoos,  account  of . 
• .  Alphonsine,  history  of  their  construction 
• .  of  sines  and  tangents,  when  first  constructed 
• .  of  Ptolemy,  principal  elements  of         • 
• .  of  Tycho  Brah6,  elements  of  •         •         • 

•  •  Rudolphine,  mean  motions  of  the  planets  from         • 
• .  of  the  Hindoos,  observations  on       .         •         • 

. .  of  the  sun,  moon,  and  planets         • 

• .  of  the  saltness  of  the  ocean  at  different  latitudes 
• .  of  the  temperature  of  the  ocean  at  different  latitudes 
• .  of  comparative  temperature  of  various  places      • 

•  •  • .  of  the  two  hemispheres 

•  •  of  the  annual  quantity  of  rain  at  various  places 
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• .  of  sines,  tangents,  &c.,  two  kinds  of  •         • 

•  •  for  the  conversion  of  middle  latitudes,  use  of  • 
2hbuiar  view  of  the  principal  elements  of  the  Hindoo  astronomy 
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Tabuiarviewotihe  heiglits  of  tlie  principal  mountains  on  the 
^lobo  •••••• 

Tails  of  Cometfj  their  extraordinary  dimensions      • 
Tnff^<>n/«.  tables  of,  when  first  contitruct«d  .  •        • 

TVwA,  account  of  quadrupedM  without    .... 

Telescope,  stars  may  he  seen  with  it  iu  daylight  •  • 

.  •         does  not  increase  the  apparent  magnitude  of  the  fixed 

stars 

• .         invented  by  Galileo     .         •         .  .         • 

•  •         on  its  api^ication  to  the  quadrant      •         •         • 
• .         improved  by  Huvgens,  &c.  .         •         .         • 

•  •         astronomical,  of  100  feet  long  •         .         • 

•  •         application  of  the  micrometer  to  •         • 

not  manageable  on  ship-board  •         •         • 

Temperature  of  the  ocean,  remarks  on  •         •         • 

..  ••  tables  of  at  dii&rent  latitudes       • 

•  •  extreme  in  the  shade  at  various  places 

of  the  west  of  Europe^  compared  with  that  of  the 

east  of  America         .         •         •         • 
comparative  tables  of,  at  various  places      • 
•  •  in  the  northern  and  southern  hemi 

spheres     .         .         •         • 
general,  of  the  globe,  whether  or  not  changed 
Teneriffey  its  volcano  has  five  vegetable  sones  .         • 

TWrct/ri^  latitudes,  method  of  determining  •         • 

longitude,  methods  of  determining  •         • 
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objects,  their  hearings  deteimined  by  astronomical 

observations 

Terror  inspired  by  ecUpses  in  former  tinws        •         •         • 
Tkaiet  said  to  have  invented  the  Greek  zodiac        •         • 

•  •    account  of  his  supposed  difiooveriee  •         •         • 

•  •    taught  the  motion  of  the  earth  •         •         •         • 
Tkeerictf  astronomical  of  Hipparchos,  aooomit  of      •         • 
Theory  of  the  moon,  by  Ptolemy,  on  what  founded  • 

of  the  moon's  kbration,  completed  by  Caanoi  •         • 
of  solid  spheres,  by  Eudoxus     •         •         •         • 
ofcomets,  by  Dr.  Ualley     •         •         .         •         . 
of  the  tides  explained      •         •         •         •         • 
of  gravitation  dependent  on  a  degree  of  the  earth    • 
• .         difficulties  in  establishing    •         • 
TArsr  ^<2ir«,the  problem  of,  first  investigated  by  Clairault 

J^det,  theory  of,  explained 

• .     causes  of,  investigated       .         •         .         .         • 

•  •         •  •        explained       •••••• 

. .    why  there  are  none  perceptible,  either  in  the  Baltic  or 

the  Mediterranean        •         •         • 
Tune,  methods  of  measuring  •         •         • 
• .     standards  by  which  it  may  be  measured 
••  ••  ••  •• 

•  •    sidereal  and  solar,  difference  of 
• «  •  •  •  •  • 
. .    mean  and  apparent,  distinguished 

•  •  •  •  •  • 
equation  of,  explained 
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Torrid  Zone,  canses  of  the  periodical  rains  in 

• .  its  mountains  nourish  vegetables  of  every  climate 

. .  contains  the  most  splendid  insects  • 

Toini  EcHjues^  observations  on    .         .         •         •         • 

last  in  London,  described    •         •         •         . 
TVacJk  of  the  stars  in  the  heavens,  illustrated 
Trade'Windi,  tiieir  course  and  cause  investigated  •         • 

and  monsoons,  account  of  .         .  . 

Tramit  of  Venus  over  the  sun,  determined  the  dimensions  of 
the  planetary  orbits  .         •         •         .         . 
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ThwMiVf  of  Ve&tti  and  Mercury  over  the  sua     •        t        # 
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TVantits  of  Venus,  aeemitit  of     •         •       .  •        • 

in  1761  and  1769 
TVantparerU  ipheres,  the  imaginary  places  of  the  pUnett 
Travelling  on  land  and  on  sea,  comparison  of    •         • 
Traverae  Table*,  construction  of  .  .  •         • 

TraverKts,  illustrations  and  examples  of    •         •         t 
J\riangle8y  on  the  construction  of  •  •  • 

.  •        pi:  ne  and  spherical ,  distinj^uished      •         • 
TVibfB  of  fishes,  differ  in  different  parts  of  the  ocean 
Trigonometrical  Tableif  two  kinds     .  .  .  • 

Trochoid,  the  track  of  that  curve  exemplified  • 

Tropic,  origin  of  the  name     .  .  •         •         • 

Tropical  and  sideraal  year,  distinguished        • 

revolution  of  the  mtN>n,  period  uf  •         • 

Twilighlf  observations  on    .  .  .  • 

• .       its  duration  varies  with  the  latitude     •         • 
the  astronomical  and  popular,  disiiuguished 
TJrcAo  Brah^f  account  of  his  dincoverius    • 

•  •  his  discussions  on  comets 

•  •  opposed  the  Cojiernican  system  from  religious 

scruples  ..... 

• .  his  arguments  against  the  Copemican  system 

his  acquaintance  with  Kepler 
elements  of  his  tables     .         • 


•  • 


•  • 


•  < 


Univertal  Geography,  defined  .         • 

Uranut,  the  symbol  by  which  he  is  represented 
discovered  to  be  a  planet  by  Herschell 


« • 


. .  why  so  named  ....«• 

• .  called  Georgium  Sidus,  and  Herschell,  why         • 

.  •  ascertained  to  have  six  satellites    .         •         • 

• .  his  distance  and  magnitude  unknown  4         • 

•  •  his  apparent  diameter  not  above  four  seconils  • 

FtMeyn  and  Plaint,  general  observations  on  .         •         . 
Fariable  Start,  account  of  their  periods    .  .         • 

Variation  in  the  heat  of  the  seasons,  cause  of         •         • 
• .      and  nature  of  parallax     .         •         .         • 
annual,  of  the  fixed  stars      .         •         .         • 
of  the  eom]ia8S,  concerning        •         •         • 
Fegetablet,  found  in  all  climates,  of  whatever  temperature 
• .         of  every  climate   found  in  the  mountains  of 
Torrid  Zone  .         .         •         •         • 

Vegetation  in  the  diiierent  zones  described  .         • 

Fetocitiet  of  wind,  table  of  •         •         •         •         • 

Felocitg  of  light  ••••••• 

Fenomom  Repttlet,  most  common  in  hot  climates     •         • 
Fenuti  the  symbol  by  which  she  is  re^Mresented  • 

. .     the  morning  and  evening  star    .         •         •         • 
. .     casts  a  perceptible  shadow  in  a  dark  evening    • 
. .     her  phases  first  discovered  by  Galileo  •         4 

. .     and  Mercury,  apparent  motions  of  .         • 

. .  present  all  the  pliases  of  the  moon 

.  •  • .  shine  by  reflected  light     .         • 

their  transits  over  the  sun       •         • 
.  •     contains  very  high  mountains         •         •         • 
• .     her  atmosphere  similar  to  that  of  the  moon  • 

.  •     her  transits  over  the  sun's  disc,  account  of 
. .     her  tran<»it  over  the  sun  determined  the  dimensions 
the  planetary  orbits  .... 

«•     transits  of,  in  1761  and  17G9      .         •         •         • 
. .     Hindoo  table  of  .  .         •         .         . 

Ferdure  of  the  oases,  how  maintained  •  .         • 

Fernal  equinox,  signs  through  which  it  has  passed      • 
Femier,  his  method  of  subdividing  the  quadrant     . 
Fetta,  the  symbol  by  which  she  is  represented    • 

discovered  by  Olbers  in  1807      •        •        •        • 
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